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"The greatest svil and the most
enduring of 21 tregedies for the
individual end his society lies in
the differance between what he was
cepable of becoming and whot e has
in fact bteen ceaused to become.®

1
r

Ashiey Montzgu.
(Devel. Med. child. Neurcl., 13: 600, 1¥71)
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ABSTRACT

This investigstion attempted to examine the relstionship
between melnutrition and retardation of intellectual developmont
by comparing children drawn from the ne families who nresentod

arying degrees of protein-calorie W°-nuu“ltlﬁﬂ during infancy.
From each of 14 families 4 children were drawn and assigned res
pectively to ths following groups:

‘J‘

a) kwashicrkor grﬂup camposed of children who had been admnitted
to hospital during the first 4 yezrs of lifTe for treo
of acute PCH;

b} kuwashiorkor control group consisting of the nearest sibling
in ege to the kwashicrkar child having no history of acute PCHS
c) the fed group consisting of a later sibling in the family in
whom malnutrition had heen prevented by supplemcntary feoding
during the first 3 ysars of life; and

d) the fed contrel group consisting of the sibling in each Tamily
just preceding- the child who was given supplementary feeding.

C‘.

A battery of psychological tests wes administered when the mean age
in the kwashiorkor group was lS.D'yGars, and 8.9 years in the fad
group, with the two control groups taking inY-rmediatz positions.
On mean full-scale intulligence score the fed group shouwed s sig-
nificantly higher difference (p lesc than 0.01) ul
the other three groups. The same trend was focund
although the diffcrence was not quite significsant uiatist].cally.

On non-verbasl score the fed group was not significantly higher than
its own control group, but wes significsntly above the kweshicrkaor
greup and kyeshiorkor control group. The fed contrcl group was
significantly higher thsn the kwashiarkor group.

han
f

Analysis of the subwscale intelligence scores sugg
whilst nutriticnzl fsctors play an important pert in th

tion of the verbal score; an cguelly important part ig ol
the determination of the non-verbsl score by madical care
viranmeontal stimulation. The sub-test results suggested

hip batween mezlnuirition and & specific daficit in abst NZT
ing and learning ebilities, but the conventional measurss of ‘bra
damege' did not discriminste between the four groups. The deflici
in intellectusl development appeared to be related to the durctio
of chrenic malnutriticn rether than to the severity of the insult
as indicated by an acute gpisode of kweshiorkor.

ssad in terms of the fs
srovide sustained

hildren, on tha

The rssults are di
satory educaticnel

1§ scores of undzr-privile
that this failure could at i
operation of nutritional facton




——— e

“LI i\ LJL‘IL[. A

Thi

s study was cerrtied out in the RC Clinical Nutrition
Resco

i
scarch Unit, University of Cape Town.

This project ocwes its inception and complation to the dediceted
work of fliss Aileen D. foodie whe hzs mointainad contact and
rapport with 173 femilies over a2 period of slmost 15 yscrs in
spite of extromely difficult conditions of accessibility aggra-
vated by the perticulsr mobility ond sccizl instshility of this
papulstion. Her collsboretion with this project has made the
experience an enjoyable one, dus to her enthusizsm and conscient-
inusness which hos made ran jements run smoothly. Her contribu-
on

=TT
Cioa
tion included the compiloti of the socicel and physical dota.

oS

s

(‘;

I am grateful to Or. . van der Spuy for careful and sympatheti
supervision, fer being freely aveilable for discussion sometimes

at considerable sacrifice of his own time end work.

C)

Prof. John D.L. Hansen first stimulated my interest in this
field ond has continused to do so over the past six ygars.

I wish to thank PFrof.
tendant of Red Cross
eble for testlng°

He de V. Hazese ancd the fik
05

g
Hospitsl for making the sub

Thanks ere due te Or. M. Rowhotham and Dr. Gerwyn Davis for
allowing me to use playrooms in spite of shortage of offic
space in the Psychiztric Clinics :

“

Potient sssistance with the deta analysis was 91 ven by flr. Lest

Gilbert, and with the typing by Miss Bernice Davidowitz.

Q
L

ko running cousts of this projzct wvere covered by & grent from
the Medicsl Resesarch Council of South Africe.



PART T

LITERATURE BEVIEY




CHAPTER_ 1

N =

BACKGRLUID AMD SIGNIFICANCE OF T

]

£ P




1/

CHABTER 1

BACKGROUMO AN SIGRIFICANCE OF THE DROBLEM

In a world in which pﬁpulation is increasing ot an enn;msus
rate, we fina that 80 - 70% of the populstion is inadeguately nou=-
rishaed. Furthermore, it is this very section of the populstion
thzt is multiplving most rapidly. Several hundred thousand chil-
dren are born each day, the majority of whom will be exposed to
severe uncernutrition during their most formative years. In some
8reas only half will'suruive the period of childhood, and mal~
nutrition will be a msjor contributing cause of death in most af
these children. Others will die of infectious diseases which are
relatively hérmlass in well~nourished papulétions, but which are
fatal to children rendered vulnerable by undernﬁtrition <Winick,
1870; fM¥nckeborg, 1972). Over the past 15 years a better under-
stending of the bioéchemical paéholagy af malnutriﬁian has resul-
ted in more effective treatment, and e consequent prpnéunoeq.re~
duction in the mortality rate. However, cver the same period
evidencevhas been acrumulating thet ah infént yho survives a
period of severe malnutrition mey be seriously handicapped not cnly
in his physical aeuélopment, bgt also in intellectqal developmant.
This is most likely if the nutritionzl insult occurs during the

period of maximum brain growth (Dobbing, 1870).

[x3]

Severzl reviewers have called attention to the seif-gerpetust-
ing cycle which is sebt in motion,; and which continues from genercstion
to generation with a spiral effzct (Cravioto, 1970; Montascu, 1971;

Birth, 1972).. The malnourished child, developing in a culture of



poverty, is unable to zcquire the skills and knowlsdgs necessary
for satisfactory adaptation to the increassing complexities of
modern socisty. He ramsins peor fbr the rest of his life, and
joins a large pool ef survivors whose functional level is sube
optimal and who become the victims of their ocuwn hogr SCCig-
economic envircnment. It is likely that he will'éhoose a mate
from a similarly impoverished background,.and his children will
be born into and reared under the same conditions. The family
does not have the rescurces to adequately nourish a nsw iﬁfant,
who is at birth already a2t risk under_the insult of maternal
undernutrition ering foetel life {Ginick et ol., 1973). He in
turn becomes seriously malnourished, and if able to.éurvive, is
'handicappéd ih.a way which may brevent him and his fomspring
from extricating themselves from the plight of their parents.
The culture of poverty contributes to the poverty of culture,
and the coﬁdition of poverty is perpetuated and passed from cne
generation to the next. The genatic endowment is presumably
normal, but the environment prevents achievement of the genetic
potential (Montagu, 1971)» A pool of such Eandicapped pecple
not only exists but is increasing in almost geometric‘prmportions
with the present day population explosion. The sccilo-economic
implications ére obvicus - the section of the populstion which
czntributes least to its own and soéiaty‘s maintenance znd develop-

ment is on the increase both by proportion and in gross numbér.

DEFINING THE LINITS OF MALNUTRITION:

.

In its most specific sense, malnutrition refers to a broad

2/



3/

clinical spectrum of nutritiocnal disease referred to zs protein-
célorie malnutrition (Ptm). .The opposite ends of the continuum
are represented by kwashiorkor and maraémus respectively, the
calorie deficiency in kwashiorkor being not as severe as the pro-
tein deficiency. The majority of cases éf PCHt do‘not show either
the pure syndromes of kwasshiorkor or marasmus; the present a
mixed picture and occupy an intarmediate position dn the_Pcm
spectrum, the typical diagnosis being thzt of marasmic-kmashiorkof°
Whilst the nutritional_aetisloéy of PCM is of paramaunt im-
portance in the developmant of the syndrome, it is clear that a v
complex of interrelated non-nutritive factors contributes sigﬁifi—
cantly to its occurrence. In general the synergism of malnutrition
and infection is well recogniéeo‘n Bocausevof poverty, traditian,
or lack of parental understanding, the quantity and/or quality of
the food availeble to the child is marginal or‘at best inadequate._
Since the pﬁysical environment is unsatisfactory, the child suffers
from repested and, often, almost continuous episodes qf infection.
Illness aacreases his appetite and undernutrition itself contributes
to anorexia. Malnutrition renders him &oreAsusceptible‘to a variety
of iqfections and ﬁhere is again vicious cycle which accentuatés his
already precaerious nutritional state.  Added tolthis is é frequent
lack of timely and appfopriate therapeutic intervention, and thé
illness is prolonged and severe. Finally because the child is i1l
a large proportion of the time he has little opportunity to learn, J
and may miss out on critical periods for the aevelopment of varioﬁs

motor and cognitive skills (Hegsted, 1972). Psychological- and



e

intellectusl stimuli in his envircnnent are minimel, and whether

or not permanent intsllectual diszbilities are imposed by mal-

i/

nutrition per se or by the impoverishment of non-nutritive stimuli /

is at present an unanswered question.

Emphasis .on the relative impdrtance af the.uarioué contri-
buﬁory factors to the PCM syndrome has passed thrgugh‘various
phases since the nutritibnal aetiology was fealised in the 1594Q0s.
Rececgnition of the nutritionsl aetiology was naturally foll;wed_
5y 2 preoccupation with the nutritiénal factors, and led tc the
postulation of a direct causal relaticnship between putritional
deficit and the seguelae of physical retardation end intellectual
dysfunction (Stoch and Smythe, 1963, 1967: M¥nckeberg, 1968).
Most suthors begin by discussing 'deprivation'! but end up refer-
ring only to malnutrition. Cravioto (1970) still questions any
emotional basis for the bszshavioural regression snd apathy which
is a Constént feature of the clinical syndrome; and regards con-
sideration of these-as a distraction to feéearch progress.  Howe .
ever there appears now to be a tendency among workers.ih the_Fieid'
ﬁomards a ﬁore baianced recognition of the interrelationship be-~

tween nutritive and non-nutritive factors in the aetiology of a

/

wide syndrome of cultural deprivatiom in which malnutrition is but J

one asbect coinciding mith a lack of usual mi@dle-class benefits.
This awareness probably arises out of the difficulties in coﬁtpoi—
ling the non-nutritive variables expcrienced by all attempts to
study the problem in humar populstions. For-example, Mnckeberg
who in 1968 wrote with a degree of certainty that permaneﬁt brain

damage results from sarly malnutrition, states in 1972 that



5/
it is pbvicus that the mental and motor retardalion observed in /

this under-privileged group is not only due to nutritionazl factars

" but perhaps tc many cthers, i.e., cultural, educational and socio-

ecunomic that affect the intelligence and developmental.capacity
of the child." (Mnckeberg, 1972).

Exbept in the instances of cystic fibrosis, coeliac disease /
and other méiabsorption:syhdfomes, malnutritioq'never exists as an
isolated prqblem. Its co-existence with other debilitating social
and environmental factors is néw well recogniéed. The relative
aetiological Significénoe of non-nutritive factors in the develop-
ment of the syndrome is emphasised by Hepner and maiden in the coné
clusion of their report on under-privileged childrén as followss:

"An organised, Functioniﬁé méternal - child relationship prdmotes
normal nutrition even‘with thg rigors and handicaps of poor diet

and welfare existence in the slum, and ... a disorganised,vpoorl}
functioningAmaternal - child relationship negates phe'advantages

of adequate nutriént infake to the vulnerable rapidly growing child®
(quotgd by Hegsted, 19?2). This statement‘harks back to the original
descrigion of the causes bf kwashiorkor ‘given by Cecily Williams
which included not only the loss of the mother's milk, but the loss
of the maother herself. :The name.kwashiorkor meaning 'displaced
child', which she gave to the syndrome, spesks for ifself (Trowell,
Davies and Dean, 1954). |

In an investigation of.the factors related to the aetioclogy of
undernutrition, Chase and WMartin (1370) found a significant-relationm
ship between parental separation during pregnancy or soon after birth

and undernutrition in the child. These.authors suggest that the termm
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'psycho-hutritionél deprivation’ could be used for the syndroms

in which rejection of the child may be an important'aetiological'
factor. Again Gopelan (1968) failed to cdemonstrate a significant‘//
difference in the diets consumed by children who subsequentlyAdé?
veloped kwashiorkof or marasmus and those who did not. The sup~
position thst kweshiorkor results from a restriction in total
caloric supply is probably an over-simplification of a complex .
situation, and the deveiopment of marastus on the basis cof ana-
clitic depressionAin institgtionalised infants has received ample
documentation by Spitz, Gbldfarb, Levy, Ribble, Bowlby, ana Dennis,
and was reviewed by Yarrow in 1961. Bakwin (1949) and Talbot
(1963) Found the evidence conclusive for emotional and stimuius .’
deprivation as causes of infants! failure to thrive, and grow

and develop normally in childhood. Senn (1961) recoonises that

the absence of individual personslised nurture has the effect of/

o]
s

a disease. The studies of Powell, Brasel nd‘Blizzard (196?)A
demanstrated growth retardation closcly resembling idicpesthic
hypopituitarism as a consequence of emotional-and social deprivation.
Even here however it is necessary to heed the warning of hitten

et alﬂ, whose study of the relationship between emotional deprivation
and growth failufe ind;cated that the perents! parception of the diet.”
fed to their children at homeues not always accurate. The children
vere thus underfed as well as‘unloved; ﬁthe mothers! af%ects were so
consumed by the emotional or social problems thét they had not accu-
rately perceived what theyusually offered their infants." The pér—
ceptual distortion is not unlike that found in anorexia nervosa.

(Nutr. Rev., 1970).
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‘A view point similar to that of Chase and Martin is expressed

by fMontagu (1971) who proposes- the term ‘socic-genstic brain damage!

for the functional expressions in the terms of deficits in behavicur,

lgarning ability and intelligence, of a syndrume characterised by
A\ .
maternal and infaentile malnutrition, social deprivastion and finally,

damage to genetic potential of ensuing gensrations.

WHY STUDY MALNUTRITION AND INTELLECTUAL DEVELOPMENT?

From the foregoing a connection is apparent between conceptions
concerning the aetiology of the syncrome of deprivation anc the pos-
tuiation of ité effects. Thase who see malnutrition as the most
important factor in the aetiology of the éyndrome fenﬁ to postulate
malnutrition as the direct cause of the physical and intellectual
deficits demonstrated in its victims. Those who give egual weight
to undesirabie emoticnal and social factors in the aestiology of
the total depfivation syndrome récognise the relative importance
of lack of adequate sccial, emotional and environmental stimulastion
in the preduction of cognitive deficits. Questions relating to the -
value of attembting to separate the relative strengths of the various
contributory factors mzy be raised.

‘The firét concern in sﬁudying the relatibnship between malnutri-
tion znd intellectusl development is its implication for prevention
and treatment. If malnutrition as such is the éingle most important
causetive factor in ths developmsnt of cdgnitive'deficits in under-
privileged populgtiﬁns, then a relstively simple.solution to a wide
spread problem ﬁf enormous>consequence would be provided in large

scale dietary supplementation. 0(ne reviewer comments on this agpect
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of Lhe problem as folliows:

"If we are to know whether distsry deficiencies
per se are the cause of subsequent poor mental
performance, then studies will have to be con-
ducted which will sepsrate the nutriticnal var-
iable from genatic factors and from meny environe
mental varisbles. High priority should be given
to research of this kind because the results have -
great practical importance feor under-privileged
people sverywhere." (Nutrs Rev., 1969).

fisnckeberg (1972) is pessimistic about achieving this:
"Because human malnutrition is never an isolated !
problem, it is almost impossible to analyse sep-~
arately the importance of each factor and thus ob-
tein a definitive; clesr cut answer. The import-
ant thing seems to be, not so much to know one me-
chanism that produces psychological retardation
in the lower socio-cconomic group, but the fact
that this situation exists and that it interfzres
severely with the individual's development and
therefore upon society's development.® .

In 1969 Jensen stirred a controversy by suggesting that the
failure of compensatory educaztion programmes in reducing the
achievement gap between disadvantzged (‘'majority') children and
middle~class ('minority!') pupils wes predicteble on the basis of
genetic, raciezl differences in intelligence (Jensen, 1969; Eysenck,
1371). The role of nutrition in the production of the phenotype
may have been underestimated in the past; perhaps the benefits of
compensatory educstion could be rendered more stable and permanant
if combined with more adeguate nutrition,

Academic concerns also justify any attempt to single ocut the

variables. It has often been stated that the value of any theory

lies not so much in whether it is valid or invaglid, but in the amount

of research that it stimulates and gengrztes. Another reviewer com-

ments on this aspect of the problem as follows:
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“Research workers should ... be concerned about the y/
false assumptions that are made which indicate that
all the facts are known regsrding the relztionship
of malnutrition to mental development. This could
stifle or preclude the nacessary rssearch besing un-
dertaken which will help on so many difficult aquss-
tions. There is clearly still a nesed for compre-
hensive longitudinal studies using a veriaty of
strategies before we can really estimate the role
of dietary deficiencies per se in the retardation
of intellectual development of children."

v

(Nutr. Rev., 1971).
Research in fhis field has already resulted in a large body of
informatibn about the normal bio-chemical and morphological de-
velopment of the central nervous system in men and several animal
specieé. Furtherﬁore‘there is af present a large group of.menﬂ
tally retarded children whose bondition is 'withogt.knomn aetiology'.
bresent and future studies may well provide insight and clarification
of aetiology leading to more effective treatment and prevention.
Cnly fifty ye.rs ago.ﬁhenylketonuria wss an untreatable and un-
preventaﬁlé cause of severe mental subnormality.

The wh;le field of mental subnormality and 'brain damage'! re~
presénté common grouﬁd for the discipiines of psychology, psychiatry,
neurology and paedistries. In subh mglti;disciplinary areas of stﬁdy,
progresé is fostered by mutual interdependance and contributions fram
any single discipline hove beneficial effects on inter-disciplinary
relationships and enfich the entire fiesld. withiﬁ the discipline of
psycholegy alone, as in oldsr human sciences, the reciproccel relstion-
ship between the experimentalist and the cliniciaﬁ through mutual
inﬁolvement in a common research area contributes to the cdevelopmsnt

and progress of the science. ‘Theories tested in the laboratory can
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be applied in the field, and those developed from direct cbserva-

tion in the field can be tested in the laboratory. In tris way

‘unwarranted inter-species extrapolation can be minimised.

Current world-wide research in the field of malnutrition and
intellectual development addresses itself to the problem of whether
the association between protein~coleorie malnutrition in eérly child-

hood and subsequent retvardetion in intellectual develcpment is one

.of direct cause and effect. 1If the findings prove tc be positive,d/

it will be impaortant to know at what age malnutrition has its most
disturbing effect, and what degree of melnutrition in terms cf du-
ration and severity results in intellsctual retardation. ‘The re~

sults of this study will hopefully contribute towesrds the formula-

tion of ansyers to these guestions.
Q

bA
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HUMAN STUDIES OF BRAIM FUMCTION TN NUTRITIONWNAL DEPRIVATION

Hypotheses considering an association between early infantile

malnutrition and later impairment of inteliectual development and

function have twoisources of origin. Firstly, even the earliest
descriptions of kwashiorkor laid stress on symptoms of centra;
nervous system dysfunction during the acute stage of the disease.
The descriptions typically include apathy, misery, peevishness,
lethargy and anorexia. fmprﬁvement in the child's mental stete
has long been considered & favoupablé prcgnostic sign, and is
generally regarded ss thelturning point in the course of the
illness. Tﬁis observation has been strengthened by reports of
generalised EEG dysrhythmié during the acute stege of the illness
suggesting'én encephalopathy, and persistence of fogal dysrhythmia.
long after recovery (Engel, 1956; Nelson, 1959; 1963).

The second source from whiCh.these hypotheseéAderive is ths
accumulation of animal experimental evidence for reduction of total

brain size as consequence of the occurrence of malnutrition durin
q

the period of maximum braimn growth. For a long time it was sccept-.

ed on the basis of evidence availsble from animals studies that
post-natal nutritionsl deprivation that led to en éppreciable Te-
duction in the weight Df'the body and most of its organsi.‘spared’
the brain in the sensé that its meight‘and chémicél composition
remained unaffected (Donaldson, 1911). The idea of ‘sparing' of

the brain has gradually been questioned on the supposition that in
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terms of physical deueiopment, the brain and central Nervous sys-
tem is not uniquely different from any other organ or system and
is likely teo follow a biological@y Coﬁparable Sequenﬁial develop-
ment. Abundant sviderce indicetss a reductien in phyéical develop=
ment in terms of final body size aé 2 consequence of malnutritioﬁ ’
imposed during the developmenta; process, énd this could logically
apply to the brain also. Human studies over the past decade havz
iherefcre sought evidence of iméairmsnt'af intellectual function
as an expressian of reduced brain size or of structural aamager
related to ppevious nutritional insult. Some of thése studiegs
have correlatéd head cifcumferences as an index of brain sizé with
IQ as an index of brein fghcpion.

The relationship between physicsl growth and intellectual

development was reviewed in 1930 by Patﬁerson. A relationship

between height and intelligence has since been generslly accepied

(Tznner, 1966). Fourieen years later Kugelmass, Poull and Samuel
(1944) made a clear formulation of the relationship betwecn mal-

nutrition and intellsctual function, suggesting a difference bet-

ween the reversible effects of temporery starvation and ﬁessible

permanent’ retzrding effects of malnutrition wheraby anstomic and
biochemical lesions are produced. These suthors analysed the

effects of nutritional improvement on psychological test performance

in 182 children, aged 2 - 9 years. One half of the sample were

institutionelised, and the sample was divided intc two groups each
consisting of 50 normal and 41 mentally retsrded children. One group
was malnourished at the time of first testing but well nourished at

initiael and final testing. The groups were equated for chronological
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ege, IQ and interval between Kdhlman-Binet or Stanford-Binsit tests.
In the previousiy malnourish.d group an average improvement of i0
points for retarded children end 18 points for normzl children was

noted, while no change was found in the initislly well=-nourishad

-group. A correlation was found.befweén age at first testing and

iQ rise: the younger the malpourished child when trestment was
instituted the greater the chance of improvement. A sharp declins
in the improvement of IQ was found when treatment began éfter tha
age of 4 yesrs, suggesting thest irreperable ﬂamage had occurred.
The flexibility of IQ change before this age and the relative.lack
of IQ change in the older children denotes irreversibility iﬁ men=
tal develophent follbwing prolonged malputrition.

The resurgence of research interest in the relation of nutri-
tional factors to intelligence and learning ovér the pazst decads
is a reflgction of the fact that, wnilst malnutrilion remains a
major world public health problém, ites most significant consequence
is no longer death but the survival of massive populations of in-
tellectually hendicepped subjects. The socio~economic and political
implications have‘alreédy been discussed.b One reviewer goes so far
as to suggest that whefeas physical stunting of growth is not un-
desireble because subseguent nutritional needs are reduced'withouﬁ
apparent reduction in adult physicai function, snd death of pre-
school children due to melnutrition is the most widely used method
of population control, the possibility that melnutrition in child-
hood hes lastingveffebts on human méntal potential would call for
a re-azssessment of economic priorvities in that nutrition programmes

may prove to show a greeter return on developmentisl capital through
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the creation of a more adaptive and cepsble work force (Klein

et al., 1971).

FIELD STUDTES:

The pioneering and most frequently cited field study was semie
longitudinal and begun by Stoch and Smytne in Cape Town in 1855,
THe authors selected 20 of the most grossly underhuurished (maras—
mic) Cape Coloured children that could be found. Birth weights were
said to have been normal épart from 3 children whe were below 2.5 kg.
The subjects were matched for age and sex with ZO_children-whose
‘early nutrition had been supervised in a creche. ~The groups were
comparable in respect of parentél intelligence, but tﬁere Wwas a very
merked disparity in their living conditions: "slcoholism, illegi~

tamacy anct broken homes were the rule in the underncurished group,

|

k wheress the control group lived under more stable home cenditions.

; 3 -~ 0Only six of the parents of the undernourished group were gainfully
employed." Intelligence, head circumference, height and weight were

recorded approximately every two yeers. Significent differences cn

all these vaeriables were found consistently through to the 1lth
year of follow‘up reported in 1868. The authors regard the reduced
head circumference toggther with the defects of visuo-motor and pat.
; tern perception on the non-verbal sub-tests as evidence that lower
% B : intelligence sceres in the undernourished group may be dugs tc organic
{ . .
| brain damage resulting from gross undernutrition in early infancy.

R follow up study of marasmic childrenbin Yugoslavia was reported
by Cabak and Najdénvic in 1865 The children had been admittec to

P ‘ ‘ hospital for marasmue between the ages of 4 and 24 months of ege during

L
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.the years 1951 ~ 19857. Chronic diseases of the TNS and tuberculosis

' . . s . .
were excluded, and ne child was more than 73% of the expscted weight

' o

at the time of admission to hospital. Gné-tﬁiro ér fhe group had
parents who were érmy fficers or in the professicnss the rest were
children of skilled or uns%illed wérkers living in an urban area.
Thirty~-six children aged 7 - 14 -yesrs were tésfed on an acapted
Binet-Simon scale. -Fifty percent of tha grouﬁ scored within the
'normal! limits of 91 = 1i0. One~third scored in the 'below normel!
range of 71 - 90, and the remsining 6 children had IQ scores éf 70
or below. Thus half the group were below the limits of normal in-
telligence and the difference betweén the number of children having
normel and sub~normal iﬁtelligence was significant. No local stan-
dards for the dispersion of IQ were avasilable, so the results yere
compared with those of Serbian childreh, of whom 21% were below
normal intelligence as against 50% of the unde;nourished gIoun;
and 32% ofVSerbian.children were ébaue the rangelof the undernourished
groupn‘ The mean IQ of the undernourished grecup wes B8, compared
with a mean of 93 for children from families of 'non-quslified!
workers. The underncurished group did not differ gignificantly in
height or weight from the locsl healthy échosl children. No corre-
lation ﬁas found between the age of iliness and the subsequent Iy,
but there was a correlation between the deficit in the expected
weight for age on o;igihal admission and subsequent test perfcrﬁancé,
‘A similar study on Indonesisn children repofts comparable results
in 1967 (Liang, et al., 199). The subjscts ranged in age from 5 - 12

years and were from families of the lower socio-economic level, living

in rural surroundings. Of the 107 children in the sample, 46 had been



classified as malnourished during an earlier investigation in
1857 - 1859; of these, 17 had snhown in addition symptoms of
Vitamin A deficisencye. The remaining children were regarded &s
healthy. Intelligence quotient wes assesced uaing the WISC and
the Goodenough technigue. It was found that children's iﬁte;lec-
tual dgvelopment, as well as their physical development, could

be predicted witﬁ a high'degree of accur;by on the basis of their

nutritional status during the pre-schocl years. The lowest 1Q

values wefe found in children who had been malnourished and had

shown clinical signs of Vitamin A deficiency during the 2 - 4

Year age period, and the higher scores were sttained in those

who had nasver been diagnosed»as malnourished. The average'IQ

for the whole sample was low on both tests;_thé scores on the

WISC and Goodenough being 75 and ?7 respectively. The coefficient.
of corfelation between the two tests wes 0.58. There were 10 ceses
where the’Goodenough score was more than 10 points lower thad the
WISC score, and 13 cases with the reverse situation.‘ When the
results were analysed with reference to nutritional sﬁatus at

the time of testing there Qas a good correlation bet@eeﬁ I.4G. and
cliniecal condition. The group rated fpobr' was much below the
group rated ’fair'; the mean IQ for the 'satisfactorY’ groﬁp was
the highest but was not statisticslly different Ffom the ‘fair‘.
group. Analysis of the data with rgfefence to expected he;ght‘

for age revealed a. 12 point difference on the Goodenough test in
favour of the children above the 95th percéntile.ofythe Indonésian
standard. There was littlejvariétion.in 14 up to the 895th percen-

tile of standard weight, but above that weight were a significantly
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larger number of children with IG abuﬁe 96 on the Gaudanough test;
" There was a significant difference in the aversge score of the quups
below and above the 95th percemtile of standard weight in both WISC
~and Goodenough tests. A mﬁre significant difference-was ohservad
if the children were groupsed according to theirvweighﬁ in 1957 - 1959,
At the time one~third of the children were st expected weight for
age, and this group was an average of 14 13 points Higher than those
who wére below their expected‘weight for age at the beginning of
tHe study. EEGs were performed on ASAchildren and no relation he-
tween EEG and nutritional condition was found. <Thirty per cent
of the tstal had a mildly abhormal_pattern, but the proportion
was no higher in the malnﬁurished than in the healthy children.

Perhaps the most complete studies were those that have emanated
from Crayioto and co~workers in Mexico since 1960 (Cravioto and
Robles, 1965). Reports by Geber and Dean in Ugande, Berrera*MUnqada
in Verezuela and Robles in fexico sll indicated that undernourished
children tested with the Gesell_scales showed a marked retardation
ih all four areas of behaviour sampled by the technigue. A fur-
ther study by Berrera-foncada shoyed that intelligence tests given
2 years éFter discharge to 20 rehabilitsted cases who were all older
than 2 years iO months at the timé éF admission showed>normal Iq
scores. On the basis ofrthese Findings-Cravioto'end co~workers
hypothesised that the sffect of severe malnutrition on the mental
development of humgn infénté would vary as e function of the period
of life at which malnutrition wss experienced. To test this hypo~
thesis all severely halnqurished children ‘admitted ta the nutrition

ward of the Hospital Infantil de Fexico during 1959 were studied.
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Twenty infants hospitalised for severe PCN were examined on the
Gesell scale gvery two weeks during trestment and rehebilitation.
On the first examinetion, conducted just after the acute elgctrolyts
disturbance and infectious processes had been corrected; all infants
scored considerably below age norms. During_réhabilitation 14 chil-
dren who had heen admitted for treatment betweenblﬁ and 42 monthslof
age came pfogreséively clcser to age ekpectation. However, the
developmental deficit shown on admission by the 6 infants whose mal«
nutrition led to hosbitalisation before the age of 6 monthé was
still presént after complete nutritional rehabilitetion. Cravioto
(1870) also quotes unpublished data of Brockman and Ricduti whd
studied cognitive functioning in a group of 20 Peruvian children
aged 12 - 42 munths who had been hospitalised because of severe
marasmus when they were between 2% and 42 months of‘age. Thg test
performance‘of the infants recevered from malnutrition was signifi-~
cantly below that of a control group of Childrén who had nc history
of severe malnutrition and who were taller than the children re-
covered from severe marasmus. Further eyidence cited is from a study
by Pollitt and Grenoff_who comparéd 19 marasmic children and § sib-
lings on the Bayley Infqnt Scalegs of Menﬁal and Motor Cevelopment.
All were below 3 years of age at the time of study and the sitlings
were of similar sge but with weights, heights and hesad circum?erencg
within normél limits. It was found that while the siblings uwers
developing accarding to age expectations, l7‘of the 19 children

recovered from marasmus had severe mental and motor reterdation.
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Cravioto (1370) derives the general conclusion from these
studies thzt "protein calorie mainutrition occurring in the fifst
year of life; if severe snough tq-merkadly retard physical growth and
to Foréevthe infant to be adﬁitted ta @ hospitzl, may have aduérse
effects of mental development. If the durstion of the untrested epi-
sode is laonger than 4 months, particularly during the first months of
life, the effects on mantel perfcrmance mey be so intense that it will
produce severe mental retardation incompletely corrected by nubrition-
al rehabilitation.". In Qubsequaht studies Lravioto (1279) compared
chiidren whd had‘peen hospitalised becsuse of severe malnutrition
before the age of 30 months with the sibling closest in agé to the
index case. Viewing the human organism a8 an agen£ that processes
information, énd recognising the importsnce of learning to read ond

write, and that these skills are dependant on an acdeguate development

of auditory-visual and visusl-kinesthetic inftersensory integration,

Cravioto studied these functions according te the techniguesz of

o~

Birth and Belmont rathér than making use of conventional tegts [}
intellectusl funﬁtion. The functions of intersensory integration
had the addifional advantage of showing clszr-cut devélopmental
cause in normzl children during the firsf'achool yesrs. The group
was slratefied according to social élass into high, middle, and

low urban class, end rural low cless. On auditory-visual integra-
tion the siblings in the 1sw urban socizl class had scorze below

A

those corrgsponding-with children of the same age but of & bettsr

!
4
socio~gconomic conditicn. The improvement in @uditory-visuesl

competence with ege was cbvious Tor o1l scciel classes aond

h

rursl and urban environments. iien the performance
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age by age of sibiings and index cases was compared, it became
apﬁarent that children recovered from severe malnutrition were
well below.their.siblings, thus scoring well below their gxpectead
vélues for their class; Equiv;lént results were obtainea ina
study of Qisuo-kinesthetic intersensory integration.

In 1966 Cravioto and associates published the results of a

~study in Mexico which related height to inter-sensory organisation

(Cravioto, Delicerdie and Birch, 1966). A cross-sectional study
was carried out on all primary school children aged 6 - 11 years

living in a rural village of Guatemalis. Malnutrition was defined

.retrospectively on the basis of height for age: a child who show-

ed significant diminution of stature relative to his age in the

total village population was assumed to have an increased likeli-

hood of havihg been at risk of early malnutrition. In this way

an eXperimeﬁtal group was identified representing the lowest
huartile‘éf the height distribution and wa§ compared with the

group consisting of all children in the tallest quartile for age.
Information on the stature of the parents of both groups was ob-~
tained to control for genetic factors. A second controi sample
drawn from an upper claés urban poﬁulatioh was selected consist-
ing of children of the same age who exhibited the equivalent
differences in height but who had little or no likelihood of

ever having been at'nutritidnal‘riskg Broad‘deﬁails cn the social,
economic and educational state of all femilies wass collected. For
the rural children a difference in height was accompanied by .a
difference in the inter-sensory integrative ability. This relation-

ship was not found in the upper class urban sampe. The authors:
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discussed the findings in terme of two possible schemes, viz.,
1) that both inter-senscry development and malnutrition arise
out of social impoverishment where poor stature 1s an incidental
sequel to the melnutrition, and 2) that both pcor interwgensory
development and low stature are sequelae of malnutrition, itself
arising out of poor socisl conditions. On the basis that poor
inter-sensory functions and low stzture were not significantly
associated with adverse sécial conditions, the authors favour
the second scheme, thus relating reduced inter-sensory ability
direbtly to the possibility of early malnutrition as ggaged by
reduced height for age.

The Wechsler Intelligence Scéle for Children in its Nexican
form was administered to 37 index cases and 37 siblings. Full
scale IQ's avéfaged 13 points louwer for the index cases than for
‘their sibliﬁgs. Verbal and performénce 10 were also significantly
lower in tﬁe previously malnourished gfoup. Cravioto concludés as
follows:- ‘"irrespective of the presence or absence of a pregious
admission to hospital because of severe malnutrition children
developing in this milieu have a higher probsbility of showing
poor performance on intelligence testing, as well as in other types
of testing relating to basic mechaniéms for leerning. The presence’
of an episode of malnutrition occurring early in life énd of encugh
severity to force the childvinto the hospital increases the chance
of scoring in the low range® (Craviocto, 1870).

Using the same methode for the assessment of inter-sensory ire
tegration together with a guitably constructed intelligence test

battery, Champaken et al (1968) studied Indian children who had been
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treated successfully for kwashiorkor in infancy. Nineteen chile

‘dren between the ages of 8 and 11 vears were tested, having been

admitted during the period 1959 - 1862 at the ages of 18 - 36
months. For every experimental child three metched controi chile
dren were selected taking account of age, sex, religion, ceste,
socio-economic status, and educational background. In aadition

the intelligence test was standardised on a'grbup of 50 childrén

of the same age range and deriueﬂ from the same socio-eccnomic
Qroup aﬁd geographical area as the experimental and control groups.
This:differencé was pafticularly marked in the younger age group

(8 - 9 years) and tended to diminish in the oldér age group

(10 ~ 11 yeers),  Inter-sensory organisation was poorer in the

experimental subjects ~ markedly so in the younger age group,

with a tendency to improve in the older age group. The deficits
weie particularly marked with regard to perceptusl and abstract
abilities. Heights, weights, snd head circumferences of the ex-
perimental children were generally similar to those obtserved in
the matched controls, though the weights.tended to be somewhat
loger in the experimental group. Intelligence score, head cir-
cumference and height were correlated in thé control subjects aged

8 - 9 years, but no other significant cecrreletions were found. Al~

though the findings are clear cut, the authors ars extremely cau-

tious in thei» interpretstion and guestion whether thay are direct~

ly attributable to the eerlier episode of PClle Further factors they-
suggest are 1) whether the prolonged ismobilisation befcre and after
hospitalisation resulted in a loss of l!learning time!, tggethef with

the emotionzl stress and anxiety incidential to the hospitalisation.
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2) Whether the poor performence of the experiméhtal group is
merely a_reflecticn @?.the low level of intelligence, motivation
and resburcefulness - factors which determine.the development of
full~fledged kwashiorker in the children.

In 1968 Bethz-Antoun repbrted an investigaticn of 22 cﬁildren
aged 4 - 5 yaears, whose eérly nutritional status had been ysll
definedp ‘Both experimental ahd control groups were drawn from a
large sample ﬁho took part in & longitudinel growth study from
birfh to 3 monthé of age. CLhildren in both greoups had normal
births and normal nea-natal periods. The nutriticnal status of
most children was sztisfactory while they were breast-fed in the
first 3 months of life. Thereafter PCW eppeared iq the experi-

mental group and all children in this group fell below the third

- percentile for height and weight at some stage during the first

18 months of life. flean differences of IL on & reg%sed Standford-
Bihet Test.were found between the exnerimental -and centrol groups
and the difference was reflected in both verbal and perform;nce
scoress The groups also differed significzntly in age of start-
ing to walk and talk, but the scores wére within the normal age
range on.the Gesell Scale. Although intelligence scores of the
two»groups of parents did not differ significantly, the authors
recognise that the exnerimental end control groups were exposed
to qualitativeiy different environments and maternal attitudesa
Sibling controls were used in a study of the effects of
kwashiorkor and intellectual development in Cape Coloured children
in 1968 (Evans, 1962; Evans, Moodie and Hansen, 1971). Fforty

children between ths ages of 8 and 14'yeérs were studied; having
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been édmitted to hospital with kwsshiorkor between the ages of
10 - 49 months. The control group consisted of 40 siblings aged
8 - 15 years, eéch being the nearest in age and of the. same sex
as the experimental subjéct but without any history of acute

nutritional diseass. 0On the New S.A. Individual Scale (South

‘Africen eouivalent of the WISC) no significsnt differences were

. found between the experimental subjects and controls on full scale

intelligence score, verbal score or non-verbal score. There was
a positive corfelatiaﬁ of 0.62 between subjects and siblings on
the full scele scores. A low negati&e correlaticn between in=-
telligence score and degree of socisl pathology was found. A
significant difference weas found‘betweén subjects and antrols

on the Harris revision of the Goodenough Drawing Test. (p iess
than 0.02). Of 14 drawings selecﬁed as indicating marked emotional
disturbance by fachovers cfiteria, S were from the experimental
group andl5 from the ¢ontrol-group0 A low negative correlaticn
occurred between the age of the child on admissiaon to hospital
and the full scale intelligence score in the expe;imental groups
When the data were analysed accdrding to ége of admission to
hospital, the difference betueen the experimental and contrsl
groups wés not significent in either of the tw$ sub~samples being
admission age 10 - 15 months and admission age 16 - 48 months
respectively. There was however a significant difference betﬁeen

both the subjects and siblings of the 2 sub=groups, with signifi-

cantly lower scores in the late onset groupe. Becausexthe sub-

samples were not paired or matched, comparisons were not possible.

Inter-group differences in test scores were therefore sought and



significant differences betwesn the late-onset pashiorkor
subjects and their éiblingstera.faund on the Harris-Goodenough
score and the Arithmetib Droblehs sub-test of th “NSATS.  This
finding correlated with significantly poeor scholezstic achisvement
in the late onset sub-sample when compared with the control groups.
This study concluded that whilst an scute spisode of PCHM did not
significantly lower intelligence score, the possibility that pro-
longed nutritional deprivation fetarded intellectuel deueloﬁment
had not beer excluded. This retardsticn could have bLeen caused

by interference of emotional factors in the children's cognitive

Another sibling study was reported by Hertzig et al. in 1972,

P

Seventy-four Jamaican bays who had been treated in hospitel for

severe infantile malnutrition during the first 2 yeers of life

‘were tes tad on the WISC at the age of 5 - 10 yezers. These were

compared with 38 male siblings (i.es. children ﬁaving the same
bioiogioal mother s the index case )._'In addition to the sibs a
class-mate or index case being the nezrest in sge of the same sex
was selectﬂd. This resulte¢ in 71 matched péifs of index end com-
parison children. for full sczle, verbal and performence 1Q the

index ceses have the lowest scqres, the sibs occupied intermsdiste

4N

position, and the compariscn chllﬂ ren had the highest scores.

The index childrén wgre_? - 9 points lower than the comnarisons
and each of the dif ferences was'stgtistically sighificant (p less
than O.UOI}. For full scazle 1G, 2%% of the index cassss comparsd
with 7% of the comparison children serformed at or below the floor

o~

of the test. (p less than 0.01). .Tha proportion of minimally

2

o



functioning cases in the sib group wes not significantly different
from either the index or comparison groups. No correlation_wés found
between age of hospitelisstion and 1R, and Pearson correlations Jry-
dicated a random relationship between the age at hospitalisation ond
the 10 at schaol aga. There was no significant differsnce in the IQ
between the two grouns of children édmitted betueen the ages of
8 - 12 months.andvlS - 24 months respactively.

Ancther prolifi @riter on the subject is M¥nckeberg, who in
1968 expressed certainty in his conclusion that permanent brein
demage results from early mzlnutrition. Fourteen Chileap children
admitted to hospital betwesn the 2ges of 3 - 11 months were follow-

ed after trestment, correction of the undernutrition being sttempt-

-ed by an adéquate free supply of milk to the faemilies. The children

were tested by Binat and Gesell methods mheﬁ the age range of the
group was 3 - 6 years. The auerage.Binet 19 maé found to be 62

and in no éase above 76.  This Qas significantly less than the
average of Chilean pre-school childran of low socio—economicbleuel.
On the Gesell test, only 1 child attained the 42nd month in all.

4 areas. The best develdpment was ususlly in the personal~
social area;' the most retardaticn wes séen in language. Head
circumferences yere definitely below normal; heights were ail

below average (3rd percentile) wherees weights a1l were found to

‘be sbove average (3rd percentile). The relstion of weight to

height wss abaove normzl, in some cases so much as to give the
impression of obesity. The suthor attributes the low test scores
of the group to brain damage dirsctly resulting from a disturbance

of protein synthesis during brein growth, and likens the effect of
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malnutrition during the fifst month of 1life to thet of hypo~
thyroidiéﬁ, galactosasmia, snd phenyliketonuria. The irreversi-
bility of the brain daemage is seen in the lowness of the scores
despite improved nutrition as indicsted by the above average body
weightsf'

| mﬁhckebsrg derived further evidence from a study of tbe rela-
tive influence of social class and melnutrition on psychological
deficit. He tested 153 pre-school children.within three social
groups. Group A included midd;e~olass children; Group‘B and_
Group C were from the lower class with the -same average income
per capita and similar educaticnal leQels of' parents. Grodp B
was from a population with no malnutrition, due to free distri=-
bution of milk and medical assistance over the period of 10
years. The proportion of children with normal intelligence was

essentially similsr in Groups A and B, whereas in Group C only

50% were normal. The suthor recognises that a supplemental feeding

prégramme affects the environment, meternazl motivation, and nu-
tritional state, so that the differences in intelligence level
cannot be ascribed entirely to the nufritibnél factor.

A further study ﬁf the epiaemiological type wss published by

fi8nckeberg and co-workers. The group consisted of a random sample

of 220 children aged.-1 ~ 5 years drawn from the slum area of

Santiago where living conditions and housing were sub-standsrd.
Under-nutrition in this group was prevalent with different degrses
of growth retardation, but nong of the children had cedema or

severe malnutrition and none had a weight of less than 60% of

~standard for age. Group B consisted of 90 children from the

(SN
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Chilean middle-class with @ similer age range to GrCup Ao Thgir
nutriticnal status wes considered normol according to the Towa

standards with weight and height not less than B80% of the stendard.

s

Developmental guotients uere deriveq dn gach child from scores on
the Gesellvand Te;men7Merill séales) and the inteliectual levels
of the motheré'was obtainéd‘frnm an abbrevieféd form of‘the Yechsler-
Belleuué Scale. A nutritionsl survey waé mace in every home, with
a chemical anaslysis of samples of food consumed during a seven déy
period. There were‘substéntial differences betueen the tﬁo'groups
in terms of family incuhe, educational status of the parents, and
especially in the intellectual level of the mothers, which show—v
ed a significant differenbe»(p less than 0.001). The nercentage

oé the children with an IQ withinvnormél limits for‘theif age was
also significantly different (p less then 0.001). Group A children
had significantly lower developmental quotienfs ih_all areas of
function tested. In order to det@rminsimhetﬁer é relationship
existed betueen the 0Q and nutritional conditions, tuo sub«groUps
from Group A were allocated according to théir nutritionsl statuss
thoée whose weight for age was below the‘3rd Iows percentile and
those whose weight for age was éver the 10th Ioﬁa percentile both
showed 2 marked difference in B in every area. Even children

with an acceptable nut;itional condi.tion (weight above the lDth

percentile) praesented leower values in all areas than pre-school

‘¢children belonging to Group B. However a significent correlation

was cbserved between growth retardatiocn cnd low intellectuzl level

in Group A and also between the frequency of retardstion of psycho~-,

motor development and the amount of animal protein consumed by each .



child. Therc was also o positive correlation between deficit in
head Circumferenbe“and DQ;leuelo Thi.s correiation ceasad to be
significant when cranial growth wes normals A further significant
correlation was ADtEd befmeen.the-maternal>IQ and nutritiongl status
of the child (5 less thon baOOl)ev fi8nckeberg states thet: Yye
cénnot assert definitely that undernutrition is e fabtor in the -
low development quotient® and "it is possible that melnutrition
could be a concomitant factor snd not tne cause of an impeired
developmentvquotiente“ He concludes by noting that "the degree

of retardation was difactly related to the amount of animal pro-
téin consumea anrnd also to the rotardsation of physical and crgniesl
growth. The fesults, although they do not 2llou the formuletion
_of definite cohclusions, suggest that chronic undernutrition in
the child acts in a negative way upon mental and psycho-motor
maturation." It appears therefore that mﬁnckebefgvacceptS'a
statisticél“correlatioh between two veriables as indication of

a causal relationship; and does not allow for the possibilify

of the operation of a third indepeﬁdent variable -~ with the stete-
ment that "it is almost impOssible to analyse separately the im=
portance of each facter andlthus obtzin a definitive, cleser~cut
ansyer."

By fer the most penetrating study to date is that qf Chase and
Marﬁin in 1870. Nineteen urban slum children aged Z ~ 3% years
were studied haviné beer admitted to Denver Genefal Hospitsl bete-
ween 1962 and 1967 at lsss than 1l yeaf of age with a primary diag-
nosisvof generalised'undernutrition. The sample included two sets

of twins, one dizygotic and one monozygotic. Children with eny
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evidence of organic dissass leading oo uhdernutrition, and those
with neo-natal difficulties were excl#deda WYith the exception.
of one child from each pair of twins, birth weights were all above
2 kgs. HNineteszn childran of similar socio~economic-stetus to the
test children were choéen as controls on the basis b? birth date,
weight, sex, race, and hauing been born and followed at the samé
hospital. 1In addition the siblings of bhoth ccntfol and test chil-
dren were screenced on the Denver Developmentsl Screening Test.
Maternal intelligence was estimated with the vocabulary sub-~test
of the wechsler Adult intelligencé Gecale. .Child/pafent interaction
was evaluated in the childfen?s homes using the Home Stimulation
Inventory Scale, and social conditions.were auéluated in the hoﬁe
by means of the San Matgo County Family Social Fantioning Scale.
All faomilies were rated by the same social worker on the basis aof
direct observeticn and enquiriésm The index and contfol children
were tested blindly on the Yale Revised Dévelgpmeﬁtal Examinaticns
At a mean of 3} years after admission for both contfol-and test
children the developmental guotient wes éignificantly lower in the
test children (p léss than 0.01). The test childfen were lower in
all five areas of tﬁe developmental_quntient,-but Qere particularly
low invlanguage. Contrcl children were also low in ;anguage but
not as impaired as the test children. These children‘admitted to
hospital with a duration of under-nutrition exceédihg’the first
4 months of life wérs mostly severely impaired mith‘a mean 0Q of
70. A1l 5 areas of development @ere statistically lower than either
fhe control childrén or the children admi tted with undernutriticn

before the age of 4 months {(f less than 0.01). The DG of the test
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children admitted to hospital within the first d‘months of
life was not significantly different from thet of the control
children. Physicsl growth also correlsted negatively with tﬁe
duration.of undernutrition in the first yesr of 1life, with the
children admitted tov hospitel after the age of 4 months of age
particularly low in all indices on Tollow up (Height, weight,

hsad circumference). Tho group admitted to hospital after the

_age of 4 months contsined significantly more children below the

3rd percentile in weight and height (p izss then 0.001). Dif-

ferences were not significant for weight cor head circumference

between children aﬂmitted prior to 4 months'of‘age and thé con-
trol children. In social functioning the familizs of the test

and control childreﬁ differed 6nly in the category "health status
of family other than the patient" (5 iess than 0.025). A similar
number of families in both the contrel and test groups dgmonstrated
severs problems in community relations, family relations, ahd eCo~

nomic functioning, but the Home Stimulastion Inventory Scsle dis~

criminzted between the two groups and the difference was signifi-

cant (P less then 0.01). There wes no statistical difference bet-
ween the values qu mothers of children admitfed prior to the sge

of 4 manths and mothers of children admitted after thot age. The

- proportions of control and test mothers with low intslligence was

not significant. Thirty-three siblings of the_test group and 19
control siblings were exsmined. No significant differences between

the two siblings groups were found for height, weight and head cir-
cumference. O0Of 27 pre-school test siblings zssessed on the Denver’

Developmentzl Screening Test, three fziled and in two of these



cases other siblings in the femily besides the Lndex case ‘ .
were known to haﬁé‘ﬁeen undernourisied., 0OF }7 pre~sbhool cone
trol siblings assesséd on the DDST there was one failure. Ape
parently no comparisbns were made betueen fhe nourished or cone-
trol children and their siblings.

The suthors address themselves to the investigation of fac-
tore relating to the éetiology of undernutrition and attempt to
discover why the test childrén were allowed to chome undernéurish»
ed to the point of requiring hospital treatment. faternal age,
parental height andveducatibnal attainment, maternal low IQ, and
social deyiant behaviour ocburréd with similar frequency in the
two groups. However the number of siblings under the age of 2
yearsvat the time that the index case was born was'greater in the
test than in the cdntrollfamiliésn Parentél separation during
oregnancy or scon after birth occurred with a higher frequéncy
in the tést families, and in four out of eight cases tha index
child bore tﬁe ex;ét_name of the absentee father. There was slso
a higher evidence of unwanted pregnancies in the test famiiies
than in the control families. The suthers conclude that: "five
factors were found that probably resulted in envifonmental stress
to the mother at the tims of the undernutrition: parentsl separa-
tion; alcohol-related problems; inadequate finances; largesr
family; and the stress of one or two aaaitioﬁal children under-Z
years of age." The'eight mothers of tést children whose huébaﬁdé
deserted them during the pregnancy or soon aftér the birtﬁ were all
beliéued to have been emotionally'upset 2t the time that the child

became undernourished. The authors reccgnise an analogy between



childwbattening.and infantile undernutrition in seléct prém
portion of cases, and in.uiew of the multi»?actorial problems

in the production of undernﬁtri*ion éuggest that. the term
'psycho-nutritional deﬁrivation' could bz used to describe these

children.

METHODOLOGICAL PROBLEMS

The ihvestigations reviewed above illustrate fhe difficultieé
attehding the study'of the relationship bet@een malnutritiﬁn andv
intellectual develophen£. Cobos (1972) conceptualises the diffi=-
culties under thfee headings.as follows: | |
l. Lack of precision in the definition of malnutrition.

2. Occurrence of malnutrition wiﬁhin the context of massive

.deprivatioﬁ.

3. Lack of precision in tﬁe measurement of péychological deficit.

Nutritional status is gehéfally established anthropemetricelly
by measuring deficits in- physical growth. Hb@éver, the veriations
in enthropometric measurements and their relation to the effects
~of nutrition are not fully understood. Some studies (Cravioto,
~1966; Stoch and Smythe; 1963) have selected childrenvwho showed
poor»groﬁth and were therefore‘assumed to have been chronicelly
“malnourished. Cobos suggests thet a moré accurate way of assess-
ing nutritional status would be to measure food inteke. This
however, particulﬁrly in a‘fetrospec£ive stﬁdy such zs “fisnckeberg's,
is likely to be uﬁreliable. ‘Protein~calorie malnutritiénlis usually
ﬁlaﬁed.for deficits in psychometric scores, but it is recognised
that it is ektremely cifficult to ispiate pure forms. of protein

deficit without associated deficits in other nutrients. -The study
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of tiang (1967) is the only one which singled out & specific

vitamin deficiency, and it is interesting to note that the subjects
deficient in Vitamin A showed a greater deficit in IQ score compared
with those who had suffered from PCHM alone.:

All authors have recognised that malnutritian'does not occur

in isclation but exists as part of a wider syndrome of deprivation.

No-ong has succeeded in controlling the multiple varisblass that

independently affect both orthodox tests of intelligence and other

psychometric tests of coghitive function. .The use of siblings

- 16 probably the most satisfactory way of achieving this control,

.

but as noted introduces the problem of chronic sub-glinical mal-

‘nutrition in the siblings.' Furthermore, the study by Chase and

Martin (1970) has clearly shown that the status quo within thsz
family is not necessafily maintained frem sibling to sibling, and
that psychodynamic variatioﬁéIMithin‘the family-are in fact among
the very factors which determine the Dccurrenée of an episqdé
of'acute malnutritioﬁ in a particular child within a chronically
sub=-nourished family.

Lack of precision in the measurenent of psychcloéical deficit
refers to the possibilify thét malnutrition affects differantial;y
several areas nypsychological’function. This differential impact
may be further complicated by the possibiliﬁy that the severity of.

the insult as well as tihe age at which it occurs in relation to

critical periods of behsvioural and/or organ development may de-

~deficit, and also the particular area of behsvioural function affec~

ted. Apart from the usual difficulties in the definition of



intellioence and the rescognised intricecies of the methodolagy

O

of measurement, the populstions under consideration &re generally
sub~cul£ural and trans;cultural, and the tests applied arc in

general designed fbr, and étandérdised on, culturally diffe;ent‘
populations. To avoid theé necessity of applying test norms de?'

rived from a culturally different pcpulation, various typss of

centrol groups hsve been selected which in turn have introduced

tﬁe problems of the effects of éacim—cultur&l background or test
'performance, aslfor exaﬁple in the Stoch and Smythe study'whéie

the control group had the-benefit of nursery'mchoo; egperieﬂce.

The scientific value of this and other studies.is further reduced

by the fact that assessments were not conducted blindly. Canosa
(1971), repor£ing on two pilot studies, ébservéd that tests of
short-term memory which had previously discrimihated between well-

and undernourished children failed to do so mhan.the children's

qroup aSSighment was not revealed to thevpsychologisté administer-

ing the tests.

The need for a cbmprehensive_model of malnutrition is stressed

By Cobos who proposed that the multi~factorisl causation of an un-
balanced food intake,~that leéds to ‘the identifiable alterations
in‘body measurehents Ey which mglnutrition is disgnosad, should

be thought of as a com-lex system of interactions or a network of éub—
systems. This could be represented in a simplified mannef as followsi=
Nutritionsl status (food need/food intake) = f ({FA),{H),(Ps.F),(F.F.},(5.F))
This indicafes that the perceivéd nutritional sfétus is the outcome
bf biolégical proéesses depending on the eqﬁilibrium betwsen food
needs and food intske, the iafter being & function of, ot leasﬁ,}

food ‘availatility (FA), physical heaith (H), psychological {Ps.F)
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and familial (FaF.) snd saciologicel {$.F.) factors.

The elements in this aysteﬁ are related to eéch other‘and to
the total system in wayé not yet well spacified. Each element
in itseif is also-a Sub»system, the exact composition ﬁf whiéh is
generally unknown. For sxampls the availsbility of food is usﬁally
linked'to_factors such és cconomic status, family size and food
habits, which in turn may be,related to aspects_of social dis-~
organisation such as alcoholism, perental separation and unemploy-
ment. Malnutrition is thus'the-result.pf the mutgal interaﬁtion'
of hahy factors, some or all of which are present>at variaﬁs levels
in vafying degrees.

A detziled analysis of the functions of feod and the effects
of decréase in such‘fuhctions is provided by Cobos, in terms of
which food has mechanicaly; biochemicsl, physiological, psycﬁblcgiw
cal, and sociological significance. In terms of this analysis,
psychological test performence mey nreflect the effects of food

reduction at mechanical level as poor development of perceptiong

at a biochemical level as impairment and alteration in CNS function

and‘structure; at a physiological level as incresse in the risk

of infection and illnese with consequent reduction of concentration
ability; at intra~individual psyéhological level as the activatidn
of mechanisms to increase survival with heightenad attention £o the.
'self! and less attention to the extra-indivicdual fsctors; at .an
infer—individual psychological level as materﬁal-deprivation with
consequent damage to all areas of psychological develepment and

primary socialisation; at the intra-familial psychological lesvel

as syndrome of family deprivation leading to damege of psycho-social
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development and secondary socialisation; end the sociological
level as identificeticrn with a mdrgl @i group and imsoverishment

of psychological and sccial anvironment and performsnce.

THL EFFECTS OF FO0D AND STICULATION DURTNG REHADTLITATION

Cobos (1972) describes the design OF a proposed study known
as the Haruard-I.C.B,F,~§ofnell Project. The project oims to ex-
plore the question of whethér mélnutrition causzs deficit in de-
fined psychological aTreas, and if possible to clarify the extent
to which the psychalogical deficit may be‘prevemted or reuefsed
by food supplementation. An attempt is being mide to discover
whether the possible nutritionsl causes of psychologicsl deficit
can be distinguished from other causes by determiﬁing the nature
of the interaction between nutritionzsl and otherbnon~nutritiongl

chtDT% affecting peychological funciion. A basis for the design

P
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lings have highly correlsted
psychological scores, a fact which nas been confirmed in the pilot

study. A further besis for the design is that in the local ares in

which the project is heing conducted, it is a common finding that
! proy 0 5 : G

a child who is malnourished has one well-nourished sibling. Food
*

supplementétion of the‘family'should lead to a recovery of the

- melnourished child and the prevention of malnutrition in the well-

nourished child. This allows a comparison to be made betmeeh the
sibs in order to identify the effect of a history of mélnutritiono
In corder to separatc the effect of birth order from dutritional
effects, different groups Qf:siblings will be studied. The

Griffiths Scale of fental Measurement will be used to derive a

"Cagnitive Develepmentsl Quotient."



Preliminary results of the pilot study published in 1872 ir-
dicated.thsl various combinations of the socisl vaniables significante
ly accounted for gICUnsiderable_part of the varisnce in the'indivi—
dusl psychological tast scores, and suggested a Consideréble over-

lap between the nutritional scales and the combinations of sociclogi-

ca; variables. However even after the measured sociasl variables
had been aécounted for,"nutritional féctors had an impact on the
b'psychological test scores. The sﬁudy promises to be the most den‘
finitive one so far undertaken.

A study oh nove; design anq wi th particularvrelevance to the
present study is that of Yaktin and Mclaren (1970, 1971). Prelimi-
nary findings of the study conducted on Arab children.in Beirut were
published in 1970. The study aims to assess the improvement in be-
havioural development during recovery from marasmus , with.and without
the aaded effects of stimulation during the rehabilitation period.
Thircty chiidren in the study 2ll suffersd from acute and_seuere
nutritional marasmus at the time of their admissioh to hospital
and'ranged in age from 2 - 16 months. These children were divided
linto 2 experimental groups metched for age and sex. One groﬁp
consisting df 17 children was provided.wiﬁh an enriched environ-
ment and referred tQ as the stimulated érouﬁ.- They were treated.
in decorated wards and provided with toys and music. HNursing
staff were instructed to play with them, siﬁg to them; and establish
a warm nurse-child relationship._ In contrast the 13 children in
the unstimulatedvgroup weré treated in an ordinarily furnished hosg=
pital ward of about the same size. Both groups of children received

identical medical and dietary treatéent; At thea beginning of the



study the_meén aée'of the stimuleicd group was 33 meéks znd of the
unstimulated group 30 uweeks. The mean wéights were 3300%_and
52.9% of the SDth'percentile nf.the Boston standards pespectiv“lyg
All children @ere testod over a period ofﬁfour months at 2 weék
intervels on the Griffiths Nental Develenment Scale. The sﬁimu;ow.
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ted group had a mean LOR of 51 at the beginning of the stucy, and
»the'unstimulated group & mean UQ of 46; the difference wes not
sighi%icant, Significant correlstions however were found between
‘the DQ and weight (p less than 0.01) and between DG and head cir-
Cumferenée (p less than 0.061). Both groups showed improvements

in £he DQ scores as they recovered phyeically; the.stimulatedbgroup
to significantly'greaﬂer éxfent than the unstimulsted group. At
the seventh tésting sescion thé mean 04 wes 7Q ;nd 75 for the sti~f
mulated and unstimulated groups respectively. vﬁt the eighth session
the mean for the unstimulated grbup dropped to 66 whe:eas the mean
for the stimulated group rose to 78. The suthors d; not explain
thié change in direction? which raises questions about the rglia—
bility of the test emﬁloyede Over the entire period the greatest
improvement was in the arce of personzl-socisl fﬁnction in both
gfoups. At the end of the observation period the greatest remoin-
ing deficit was in:the srea of hearing and speech.

In a more recent paper (Yaktin et al., 1871) the authors re-
port on @ stimulated group of 28 children, an unstimuleted group of
27 children and a cdn#rol group of 35 healthy children from the
same éommunity and metched in age and sex, but significsntly diffe-
' ~

rent from the experimental groups in terms of weight, being 106% of

the standard. At the initiel test session the contrcl group had

&3]
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the stinuletad group and 48
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mean O of 106 in cont

for the unstimulated. group. Analyeis of variancs was carried out

using 20 subjects from each group. The nerformance of the contreol

4

group was significantly superior to hoth experimental groups (p less

N
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than D;Dl). A difference between stimulaeted and unstimulated gfaups
became significant only from the third session (p less than 0.0S);

at the 4th.to 7th session the difference incrgased (p_less thah 0.01)
and at £he 8th sessinn the difference became less pronounced (p less

than 0.05). Agein the grestest deficit appeared in the language

area. There was no sgnificant difference between sessions in the

~control oroup. When analysed in terms of sage on admission to hos-

pitél, 30 children admitted before the age of 5 months hed a mean £q
of 82 on dischargé, lé children admitted cver the age of 12 months
had a mean 0Q of 61 on discharge. The differenteé between the three
age groups were significant {p less than O.Ul)lindicating a relation-
ship between dufation of:malnutriticn and‘severity of i“pairmentb
Follow-up experiments of 33 experimentai children and 20 caon~

trols are being continued at 3 monthly intervals. The results indi-

‘cate that the two experimental groupe became progressively more si-

milegr, the controi gréup remaining mdre or less constant. At cne
year follow-up, four preuiously stimulated children hzd é hean'DQ

of 83, and five previously unstimuléted child hed & mean RG of'Bl,
compared with 5 conﬁrgi children with & mgan 0f of 105. The signiu
ficanﬁ diffe;ence in méan DQ between children who were léss than 5
mOnths of age on admission and children from the older age gQroup
remained significant. The resulté,suggeet that any benefits accrued
from stimulstion are lost when the child returns to the home

environment.
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A similar study is reported in sbstract by Vitale (1970).
Over a three yesr period there was a significant iwéfease in the
Gesell DG of children between 1 - 4 years of sqe Fed’foﬁd supple~
ments and provided with médibal care. A comparable age QIOUp Pro-
vided with only'medical ﬁare shouwed no-Signifibant increase. Coupled
with the ihcrease in DQ was an inCrease in head ci:cuhference, sta-
tistically grester in the food supplement group. TMedical care and
medical care ﬁlus‘food»supplement had verying ef fects on the reduced
DQ‘of children aged 6 ~ 16 years on Porteus, Goodenéugh; and Raven
Tests. There was no increase, a slight decreass aﬁd a.significant
increase for medical care énd medical care plus food supplément groups
respectively. Houwever cnly the medicalbcare plus food supplement
group had a significant increase in the DQ on Dearborn Scale. The

infant mortality rate and the death rete for the 1 }'4 year group-

fell signifiééntly without any apparent effect of food supplement.
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ANTMAL EXPEETHMENTS IN NUTRITIOHAL DEPRIVATION AMND
MEURAL DEYEL OPRENT

flore than 50 years hzve elapsed since Jacksoh and Stewart

(1920) published their findings on the effect of.varying pericds
of irmaniticn and subsecuent nutritionsl rpehabilitation on new-~born
and weanling experimentzl animsls cf several species. One of their
main conclusicns was that nutritional ceficiency imposed shortly
after birth had permahent and obvious effects on the subseguent
growth of the animal, whilst transient melnuttition accurring et a
later age depressed growth only for the duration of deprivation
witHout.aFFecting ultimaete size after nutritional rehabilitaticn.
The stage of development at which the young animel ceased to be
vulnerable to permsnent impairment of the grouwth potentiszl could
not be‘precisely defineé and evidently varied amongst specice;
however it usually occurred shdrtiy after the end df the normal
suckling period. Since then it has been'deﬁonstrat@d experiﬁen-
tally in meny species that if an animal is deprived of the essen~
tials for growth during critical stages of post»nafal develcpment,
it will remain nhysicelly retérded, ﬁotwithstanding later correce-
tion of the dietary deficiency. (Waterlouw, Cravioto and Stephen,
1960; Widdowson, Dickerson and McCance, 1960). fcCance has shown
in experimentzl anim@ls that whether malnutritien has temporary

‘or permanént effects on body size depends on the sevevitly, duratiocn,
and timing of the insult.. Differences exist betwsen species, but

in gereral "the garlier in its development an animal receives -a
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nutritional sest-back, the less likely it is %to resch its full

genetic ststure." (ficCance, 1968). The critical phase of nu-

3 da

tritional vulnersbility can thus be identified withvthe_pe:iod
of maximum growth, which in many infrahuman muléiparqus species
takes place predomingntly during the pre-natal period of develop-
ment,

Hypothestically this knowledge can be applied specifically
to the growth of tha brain -and deveiopment of the CNS. The con=
cept of 'sparing' of the brain From the effects 5? nutritional
insult based on the work of Donaldson (1911) was chellenged in a
series of pibnegring investigations during the 1960's by Dobbing;
Widdowson, and Davisén which demonstreted that‘both severe end |
modest degrees of nutritional deprivation experienced by the ani-
mél at a time when its nervous system waﬁ'developing most rapidly
resulted in réduéed brain size aﬁd'in deficient myelination.':The
deficits were not made up by‘subseQuent'nutritioﬁal rehabilitation
(Birch, 1972).

Two main overlapping hypotheses about the vulnerability of the

develoning brain hsve already beer extensively tested. COobbing

(1970)Vstateé that "“the brain is likely to be most vulnersble to
permanent restriction from undernut:ition during the period of the
‘brein growth—épurt‘, the‘transient periéd duriné_which.it is
passing through the rapid phasé of its sigmoid growth trejectory.®
Dobbihg adds two corollaries, firstly, thét the nearer the growfh»
spurt, the milder need be the undernutrition to produce permanent
restriction,‘and the fu;ther awéy, the more severe until in the

v

adult there is no great effect on brain compesitien from very



44

~
oy

severe starvation. Secundly, in view of the different rates o

2nd along different peremeters,

33

growth in different brain regions
undernutrition at any one stege will produce different effects in

relation to the resgional velocity obtsining st the time. Anothex

L.

main hypothesis is proposed by Winick and Nehle (1966) that "Unge -
nutrition during the growth periocd in any tissu; when cell division
is taking place will leéd,talpermanent re@uction in the numbers of
cells attained. Later underﬁutrition, at a8 time when growth Consiéts
mainly of an incresse in the size of cells, will resull in a reduc-
tion only of cell size and this will ke recoversble on restoration

of normal nutrition." This would:explain the phenbmenon of 'ca?ch~
up'? dn‘rehabilitatioﬁ éubséquent.to relatively lste bnset.depriva~
tion.

Dobbing (1972) sees a superficial résemblénce between these
hypotheses and the Hypothesgs relating to Critical periods in the
development of motoric and cognitive skills during whicH gexperience
and'environmental stimulation have an optimal effect. The criticel
periods fof imprinting, socialisation, and acquisition of cognitiye
skillé aye déscribed by the developmental behavisuristé a8s periﬁds
ofvincreased activity in that the organism is more susCeﬁtible to
dévelopmental progress. 8y contrast, the use qf the term by neuro-
biolegists refers to sensitivity in terms of vulnersbility of de-
Qelopmental phéses to interférende with developmental processes.
The field of teratology has accuhulatad knowledge of_very precise

moments of susceptibility during pericds of organ development at

- which specific insults mey result in gross disturbances of final

b

shape and form. In experimental animels, viral disease, drugs,
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"specific nutritional deficiencies, X-irradiation, and even a short

episode of mild pyrexis, will produce deformities in the ﬁNS depenti-
ing on the precise timing of the insult in relaﬁion to embrydlogical
gvents.

The growth éhd méturatinn of an organ at cellular level éomprises
four stages:- proliferation, migration, différentiation and deaths
This sequence of eﬁents is observed in all parts 5? the brain, but

thevtiming differs from one cell type toc another, and from region

to region. The cellular composition of the brein is relatively

heterogenecus, and this contributes to on extremely complex pattern
of davelbpment when the brezin is regafded as & whole (Herschkouwitz
and Rossi, 1972). Velecity curves for brein growth have been cen-
structed for & variety of animal species using whole braih meight;

total brain cholestreol and tissue deoxynucleic acid. - phosphorus

(DuilehomP) content as indices of development by Dobbing (3870, 1972)}.

[4}]

The majoT brain growth-spurt mey be seid to begin in a1l species at
about the time the adult riumber of neurons is virtuslly echieved: '

by the end of the second trimester of gestation invhuméns (25 weeks),
or at birth in the rat. This bOintvhowever cannot bz regarded as

the end of cell multiplication, end the heterogeniety of brain Cellé,
and the different times at which they divide causes difficulty with
the cell division hyﬁotﬁesis, Neurons multiply very.eerly, mainly

before the oligudendroglia begin to do so. Thus adult members of

neurons are virtually achiesved before the growth-spurt begins.

However, the greatest number of brazin cells are the glie, and these

begin their own mitotic growth-spurt after neuronsl division hes

ceased and . coocurrently with the growth ¢f dendritic processes and

N



connectivity. Experimentzl testing of both hypotheseé sc far has

imposed nutritiornal restrictions at @ stage later than the period

of neuronal divisiong'and the cell deficits achieved are therefore
likely to be 2lmost exclusively glial. If glial number is s func-
tionally important Srain parametef, this mouid be important and
might account for subsequent speqific.dwficits of myelination;

but if the pericd of rapnid bio»synthetic activity concerned with
myelinatioh is in itself vulnorable, this would open up the further
possibility that other non~mitotic processes will be vulnerable

simply because they are occurring rapidly at the time. The con-

sequent establishment of synaptic connections, which are not directe

ly concerned with cell division, but are important in the growth of

neuronal processses, may be interfersd with as s direct conseguence

of interferences with the previcus division of giial cells.

The brced generality of the vulnerable period hypdthesis has
been effecfively tested and proved in animals; and its corrolaries
that & vulnerability related to the réta of growth implies a com=
pérativevinvulnerability hefore the brsin grouth-spurt, and an in~
vioclate adult brain, have been well demonstfatedo Furthermore 1t
can be shown that growth retardation in animals does not alter
the timing of thé growth~spﬁrt in the braih, but csuses a reduction
in the extent of the process, which nevertheless occurs at its pro-
per ordained time. Thus none of the individual velocity peaks of
wet weight, DNA or éholest:ol éccumulétion are shifted; they are
reducéd in height, and because no ‘'catch-up' occurs on the restora-
tion of ad libitum food, thé effect is 8 permanent reduction. It

seems - clear then thst the brsin is an ergan which hes a once-znd-for-all



Oppoftunity to accomplish certsin impoptant progesses of develgp-
ment. If this~opﬁortuni£y is lost iﬁ'can never be fully recovered
(Dobbing, 1970).

lihilst Zamenhof (1968), Winick (1968) and Dohbing (1968) have.
shown that permanent alterations in the number of cells and their
distribution.among brain structures zre produced only when the or-
ganism is malnourished during the period of rapid growth of the
CNS, biochemical and physiological abnormalitiés have also been
reported. Enzymatig‘matpratiOn and development in the brain is‘
also affected; Chase et al.. (1567) have demonstrated defective
enzyme organisatibn in the brains of'malnourished.eqimalsn

In order to avoid coﬁfusion in the iﬁterpretation of evidEHCB.,
from different species and to alloy speculative extrapolation to
man, it is important to consider that the critical periods of maxi~
mum orgsn growth accur at different times in different species but
demonstrate an identicsl pattern. Thus . in pig's bréin, growth and
differehtiation occurs most rapidly in the périod prior to birth,
whereas in the rat the most rapid growth oceurs when the aﬁimal is
suckling. Deprivstions that are experienced at the same chronologi-
cal éges and life stages will therefore have different éffects in
different species. Thué'deprivation during early post«qatal life
will have little or no effect on the brasin's size and structure in
an organism whose brain gfowth has largely been complgted cduring
gestation. 'Convepéely intrauterine malnutrition is likely to havé
Dniy minor effects in‘species in which the most significant period

for brein growth occurs post-natally (Oobbing, 1970).
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_Attempts have been made in experiments to select an animal
species‘where the brazin growth characteristics are knocwn, and
nutritional deprivation has been imposed at the supposed vulner-
able time for that species. The majority of experimental work

3 2

has attempted to exploii the post-natal timing of the growth-spurt
\ ' .
in rats during their suckling period. The most widely used design
retzrds growth by increasing the gize of the suckling litter so
that when weaned, the rafs are about half normal weight. They are
then given ad Jibitum food until maturity, and the meture brains

are than gxamined and compared with the brains of animsls fed well

until weaning in an average size litter, but undernourished later

by restriction of food..

An slternative expérimental design.iﬁuolves the underfeeding
ef the mother during the pregnancy. Stunted offspring as well as
normal control newborns.are then cross fosteped at birth to well-
fed and_uﬁdernourished l%ctating females, the littef size being
standardiseds Thus four groups are achieved . according to whether
the gestational‘periOd or the suckling period or both ér neither
was nutritionally restricted. Any of these groups can be weaned
to a festricted or adequate diet, and in this Qay‘all combinations
and.permutations of growth restriction can be imposed in the pre~
growth spurt, the growth spurt; or the ppst-grouth sﬁupt pericds.

Numerous experiments based on the above two dasigns indicate
clearly that deficits in brain.growth are confined to those ani-
mals underfed in the suckling pefiod; Growth retardstion confined

to the bodily grouth-spurt which occurs later than that of the

‘brain does not induce permanent stunting of either the whole body

or the brain.
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.It has been recently shown that the timihg of
major components of the brain growth-spurt is determined by
chronological rether than developmental age (Dobbing, 1972).
Vulnerability of.the growth progremme may thus reside in failurs.
in growth-retarded animzls to accomplish propef growth a2t the fixed
chronological age which is their only oppertunity.

The effect pf nutritional Geprivation during gestation have
been demonstrated by Nelson and Evans in 1953, A‘significant déF

crease in reproductive performance of rats occurred when dietary

protein was reduced to 5%. If the protein restriction was commen-

ced after a delay of seven days after mating, the effects were not

as severe. In 1964, Venkatachalam and Ramanathan showed that a 7%
protein diet during gestation only, resulited in reduced growth and
a 40% post-natsl mortality. Taking the sbove findings a step fur-

ther, Zeman aznd Stanbrough {1969) demonstrated that a 6% protein

diet during gestation resulted in reduced DNA, RNA/DNA and Protein/DNA
ratios in 16 and 20 day foetuses, and nswborns. Compared with con-

trols fed a 30% . protein diet 2 primery reduction in cell numbet.

in most tissues occurred in the méinourished animals. Sihilar ré~
sults were obkained by Zamenhof et al. in 1968. An 8% protein diet
fed from before mating through géstation resulted in reduced DA
concentration at birth compared with control animals fed a 27%
pfotein diet. |

The work of Winick end co-workers (1966, 1967, 1968, l§69) has
demonstrated clearly the éf?ects of nutritional deprivation during
infancy_in animals. 1In generai the findings in rats have‘demon-
strated that increase in litter size reduces cell number (totai size)

in all organs. Refesding after weaning has.been ineffective in

e WL e L 1 S e b



improving the DHA content. A restricted protein-diet from meaning'
to 42 days of age resulted in reduced weight, total p:otein, DA

and RWA in all organs except lungs and bréin; where cell size was
smaller but totsl number of Celis was unaffected {(i.2. total DWA

was not reduced). Refeeding of such animals allowed the brain and
lungs to regein normal size, but other ornans showed no recovery.
Restficted diet from 65 to 86 deysd of zge reduced total protein

and RNA but had nc effect on DiA, indicating that cell size wes
affected but that celiAnumber remained unchanged. Thesg'findings
:leaa to the general conclusion that the brain appeasred to be ir-
.reversibly damaged only by nutritional d@privation nrior to weaning.

_The_effects of nutritionalYerriyation affar weaning was further

inueétigated by Dickerson and Wslmsley (1967), who confirmed that
rats undernourishedvfrom @eaning to 11 weeks of age could be re-
'habiliatéd successfully in 2 - 8 weeks, and thereaftef showed no
reduction in-DNA/protein concentration in the brain, indicating
‘normal cell size. Guthrie and Brown (1968) found that brain
cholestrol levels wefe normal if nutritionally degprived animals

were rphabiliated immediately afﬁer weaning,'but remaihed irreversibly
depressed if ungernutrition extended to 5 weeks of age. This suggests:
a_second vulnerable period during myelination after which the brain
becomes resistant to dietary deprivation.. Dobbing in 1968 confirmed
that a 45% reduction of body weiéht in msture rats achieved by im-
posing a 5 week starvation diet had no effect on braih weight;

These Fihdings sugges£ that thg mature brain, unlike the developing

" brain is indeed ‘'spared! under severe nutritional deprivation.
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The experiments so far feviewad have not .taken into.acc unt
regibnai_differenoes irn the relative timing of Lhe growtr-spurt.
Although overlap occurs, it is well recognised thét developéent
of the brain stem is completed relatively early ana development
of the cerebrum relatively late with the cefebellum taking an
intermediary pasitiona If it is accepted that tha periodsuafAin~
creased ﬁeuronal hyperplésia,vglial multiplication;'and myelina-
tion represent pepiods of increased.susceptibility,vthen timiné

of the nutritional {hsult takes on a selective signifiﬁance. The

cerebellum passed through its growth~zpurt at the same time as

the rest of the brain, but its rélative rate of growth is very much

faster. Thus the effect of generaslised growth restriction is impo=-

: éed selectiuely upon the especially fast grcmiﬁg cerebellum. Thié
: , )

has beén well demonstrated by Dobbing (1970) who exposed the heads

of infant rats of varying ages to X-radiation.

Regionai brain differences in vulnerzhility to malnutrition have
beén studied by Culley and Lineberger (1968), Howard ard Granoff
(1968), Cheek et al. (1969), and Chese et al. (1969). Restricted
feeding affected most severely the weighﬁ and DNA of the cerébellum:
vwhen body weight was improved by reféeding fiom 57% below normal

to 17% below normel, the cerebrum achicved a weight 7% below nor-
mal, Qhereaé the_cerebellum'remained 22% below normal in wéigh;te
This indicates that a reduction of.céll size sccurred in the cere-
brum, but that cell number in the cerebellum had been reduceds.

Fish and Winick (1969) demonstrated fhat the brain stem was little
affected at 6 - 21 days, but:the cerebellum was 2gain more affected

than the cerebrum and hippocampus in rats reared in large litters.
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‘pltman (1871) suogests the distinction of three critical phases
ih the cevelopment of the mammalign nervous system after birth.
These three phase; ere relsted to the formstion of three major
“classes of cells which arise from three nroliferative sources during
three éuccessive periods of growth. The three major cell types are
1) macioneurons, 2) microneurons, and 3) ﬁeurogliag fflacronsurons
are long-axoned narve celis that form the afferent, relay, commissural,
and efferenf élements of the peripheral and central nervous system.
As such thaey are‘responsibla for conveying sensory messages from

the reqeptors to the CNS, for relaying afferent impulses from one
brain region to another, and Fo; transmitting motor commands from Lhe
brain to the effector organs. These macroneurcns form the gross
circuitery or 'course wiring! of the nervous system. The micro-
neﬁrons are short-axoned interneurons with regional or local input
and'output connections. It is presumed that their function is pri-
mariiy-modulatoryvor associative in nature, and tgey represenﬁ the
~tfine wiring' of local brain regibnsﬂ The neuroglia are supportive
‘elements which are fesponsible for the myelination of axons and for
linking the diffefentiated neurons with the fine capillaries of

the brain. As suchvthey'are responsible for the sustenance and
Fixation of the developed brain circuitry. Macroneurons, micrg-
neurcns and neuroglia tend to differentiate in any brain region
sequentially, end it is possible that a hierarchid inductive re=-
latiénship controls their successive regional differentiation.

For example, the microneuroﬁs of the cerebellar cortex migrate

and differentiate‘aftér the Purkinje cells with which they esta-
blish synapfic contacts, have begun to differentiate. The dif-

ferentiation of neuroglisl cells, as judged by myelination of



the cerebellum, is the last event in the maturation of this’
brain region.

It is of great prectical importznce that in altricial mammels
(e.g. the mouse; rat,_cat, or dog) the magroneurons differentiate
Iargely during the peribd of embryonic deuelopment;. the bulk of
the microneurons come into existence post-natally during the suckl-
ingvpariod; the bulk of the neuroglidl cells are formed during the
early post-weaning period. Acpardingly, auttitional deprivetion
durirg the suckling period could be expected to infiict less harm
on the elements alréady formed, viz. the longnaxoned.neurons, out
would interfere with the formation of the microneurons and thus
the 'firme wiring' of the brain. The great reduction producer in

vthe'cell population of the cerebellar cortex by eariy malnutrition
in animals supports this view. . Nutritional deprivetion during the
eafly post weaning reriod would interfere with‘the final stagéd of
the maturafion of the brain such;aé myelinétion, by preventing

the formation of neuréglia.

The  use of chemical indices for componente for brain structure
‘provides a comparatively simple method of asséssment and is now
widely used. Thus total tissuc ONA provides an index of totsl
cell number, and DNA_concentraticn pér gram of fresh weight is én
index of cellularity. Cholestrol confent represénts myelinstiong
RNA/CMA ratio and protein/DiA retios are used as an index of cell
size; Difficﬁlties; howeQer, occurvin'the'interpretabion of these
indices, and their usé is sometimes of guestionasble vzlue. Thus
Graznoff (1969) indicates thatia deficit in éhulestrul per mg. bf

tissue might reflect reduction in either myelin or total cell’



surface aree associsted with a8 selective suppression of certain
qeuronbtypes, and is not necessarily an irreversible inteyference
with myelin synthesising cells as sungested by @inick (1969).
Similarly Wigglesworth (1965) suggests that impairment.of myelina-

tion may be due to a decresse in the number of cells available and

- lowered activity of enzymes invclved in myelin synthesis. Further-

more Dobbing (1970) points out that there are many areas in the
brain (including the.brain stem) where much of the protein content
is-related to the axcns of cells in a completely different region.

Protein/DNA reztio is therefore difficult to interprete in-a tissue

~where cell processes are. numerous and where some cells measure a

metre in length. MNevertheless the pse'of fhe verious indices has
made experimental inQestigations in-animals poésibie and must therg- -
fope be applied-to defining Hormal human brain growth and'fhe in-
vestigation of the effects of nutritionai deprivation on the de-

velopment of the human CNS. .
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CHAPTER 4

HUMAN STUDIES OF BRAIN GROWTH IK NUTRITICONAL DEPRIVATION

The first deteiled description of the organs of undernourished
bhildren was given by Parrot, a French. paediatrician who studied

the famine victims of the Paris Commune in 1870. He reported fatty

degeneration of the brain, and abnormalities of other organs

(Naeye, 1970). More sophisticated studies of .early childhood

undernutrition have only recently been undertzken, and are still

‘incomplete, probably due to the fact that the arrival of seyerély

malnourished children on the autopsy table is now ocCcurring with a
diminishing freqguency. As noted previaously, the fact that more.and
more -undernourishad children survive has given rise to interested
concern about lohgnterm effects of early malnutritianf The émphasis
of research is no longef{on.death but on:possible long=~lasting ef;
fects of survival.

Hypotheses considering the possibilities that malnutrition inA

infancy may have an effect on the structursl development an the brain

and CNS either quantitatively or qualitestively derive from an in-

creasing bédy of information on the effects of malnutrition on
physical growth.

Physical growth retafdation following infantile malnutrition
has been thoroughly documented in numerous poﬁulatibns; There re~
mains however.some Houbt about its permanencé, and in human studies
at least, there is some evidence for the occurrance of ‘cstch~up!
growth which is self-stebilising and occurs with high velocity

during rehabilitation until the child's natural trajectory is
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reached. A pre-pubertal growth-spurt moy also occur‘(aarrdw
and Pike, 1967; Moodie et al., 1971).

For many years the concept of 'sparing' of‘the brain and
CNS was generally héld; but more recently it has been suggested
that the brazin is not fundamentally different in its growth pat~
tern from other organs; the CNS is not é perfectly insulated sy~
stem which grows well independently of its narticular needs for
nutritional support (Birch, 1970)=

However the brsin is a peculier organ in that'euentual ne= .
ronal cell numbér is defined esrly in life. Thus the brain reaéhes
its final cell population number whilst most other tissueé, organs
and systems are'ccntihuing to engzge in cell replicstion for con-
siderably longer periods of time (Bifch, 1870). A further distinge
tive festure of the brain is its relative functional indispensibility
in comparison with other organs. Whole sections of gastro-intestinal
tract or léfge proportions of liver may be structurally'damaged or
surgicaily remow. ed without serious consequences for the functional
capacity af the indiyiaual. In confrast, it is virtually impossible
to interfere significantly with brein structure. without producihg
pronounced alterations in the functional integrity of the organism
(Coursin, 1967). Studies of human.brain growth by Dobbing (1968,
1970, 1872) have demonstrateq clearly ﬁhe occurrance of a human
brain.growth-spurt with essentially ths same sequentiai ¢haracteris~
fics as thosé faund in other mammals.

Data (Dobbing, 1970) from the énalySié'of éOU_normal‘human
brains have allowed three main cqnclgsions: 1) DNA estimations

reveal 2 sepsrate growth-spurt from 15 - 20 weeks of gestation
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which is distinect from the main period of cell division. The

latter extends from about 30 weeks of gestation to at lsast the

end of the first postunatal'yeaf, and probably until 18 moniths

of age. Thecearly growth period is almost certzinly neuronal;

the later glial. 2) Regional'difFerénces in orocwth rate and

the general sequence of events in human brainvgrowth are idéntical
mith those in ali.animal species studiéd except for fhe tiﬁing of
events in relaticn to‘birth, Tﬁe wide spzcies yariation in this
has already been noted and must almays be considered in the in=
terpretation of the effects of nutritional insuit. 3) iThe majof
growthQSpuft period in the humanvbrain is presdominantly post-natal
and apblies_particularly to the bulk of myelin which has to be laid
down before the arfiﬁal of the glisl cells which make»it; Thésé
findings indicste that in the human infant néuranal cell number is
most probably fully defined before the end of intra-uterine life.
Thereafter qell replication is that of glisl cells’through the firsﬁ
9 mpnthé of life, the proce;s terminating by the eﬁd of the first
year. However, myelinaticn ébntinues f;r many years thereafter,

as does the proliferation of dendrite branchings and other features

of brain organisation, &nd adult brain weight in humans is achieved

during adolescence (Dobbing, 1970; Winick, 1970)
| Jackscn pointed out in 1909 thet in atrophic infants the brain
continues to grow, so‘that emaciéted»infantS'can have normal>brain
weight. Donaldson (1911) formulated the concept of 'brain sparing!
on the bssis of evidence which indicated.that brain weight was.unw
affected in‘ﬁhe presence of an appreciable reductiﬁn of body'ﬁeight

achieved by post-natsl nutritional deprivation. Supporting evidence
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for the concept of ‘brain spsring! was provided by Brown who showed
in 1965 that although the brains of malnourished children at post-

mortem weighed absolutely less than those of the well-nourished

‘children, when thg brain weight : body weight was caleculated the

malnourished group had higher ratios. Alleyne and co-wotkers (196G)
reported similsr findings in a post-mortem study of 11 children

who died of severs PCM. The brein contributed a larger percentage

-to the totasl body weight inm the more ssverely malnourished children,

and the authors repezt the suggesticn that the brain is relatively
well preserved in malnutrition. However, the water content of the
brain was higher than in other tissues, and.the brain : body weight
ratio may be a reflectién of over~dydration of the brain, or could
be explained by relatively grezter wasting of the body; Thompson
(1970) points out that changes in body‘or organ weight may reflect
changes in body water and fat and have nothing tq do with growths;
the above fesults may‘therefore be misleading.

The most striking evidence against the concept of 'brein sparing'!
is provided by Winick and Rossc {1965) who cdmpareﬁ the brains ofv9
children who had died of severe malnutrition before the age of 12
honths with the bfains of 10 well-nourished children who had died
acutely of accidents .or poisoning, and brains of two foetuées,ob-
tained from therabeutic abortions. .The children who had died from
severe malnutrition ware'éll_below the 3rd percéntile for both
height and_beight and showed cliniéal gvidence of severe nutritional
marasmus. The brains of the 9 severely marasmic children 2ll had
reduced weights and reduced quantities of ONA, RNA and protein.

In three ceses the DNA content wss only 40% of thst expected,
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but.thesé three had weighed less than 2 kilograms at birth. In
all cases the DNA/RNA énd DNA/protein patios were normzl, suggestu,
ihg a reduction in the number of brzin cells in the malnourished
children. It eppesred that the yvounger the child whgﬁ he desveloped
malnutrition; the more marked the effect on. the brain. The data
indicate fhat VETY iittle cell division took place from the time
these children were exposed tb severs malnutrition.

A study of the brains of four malnourished infants aged 2 ~ 22
months is reported by Fishman et al. (1969). In three of the in-
Fants birth weights ranged from 2.5 to 2.8 kilograms and the effect
of intra-uterine mslnufrition can therefore not be éepafated'from
malnutrition dufing infancy. Estimations of-cerebrel‘lipids close-
ly linkéd to myelin'membrane were consistently.reducgdvin the white
matfer of malnourished brains when compsred withvcontrols.

Sfudies of brain growth and prematurity provide further rele-
vant inforﬁation reviewed by Birch (1972), Thomson (1972), ano
Winick (1973).. In popul%tions of undernourished women placentas
are smaller and COntéin fewer cells, and some of the tissue changes
associsted with undernutrition in animals haye been found to occur
in the placentas of undernourished women. Data concerning the ef-
fect on the foetus'are meagre and indirect, but show:that in
small-for=dates iqfants from undernaurished populations who died
shortly after birth the cell number was reducéd in all oréans in-
cluding the brain. In infants who died.during the first yeer of
life of severe undernutrition, by far the gpeatast deficit in brain
cell number was present in the group weighing less then 2 kilograms

at birtha When placentas from infants with intra-uterine growth
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‘féilure from well-nourished populstions are studied; they can
be divided into two groups: in ong the Dlacentag ére narmal
-invsizevand contain a noimal number ﬁf cells even though the
ihfant is smally 21l of these infants had a major congenital
maiformationo In the seéoﬁd group the placentzs were small
and had a reduced'numbar of cells; 21) these infants wére
physically normélbexceﬁt for their small size«

The first situation is caused by intrinsic abnormalifies
whicﬁ manifest in both growth failure and congenital defects
of structure and form; the placenta is rot affected. The
second was caused by extrinsic factors (other than malnutrition),
.possibly by plascental vasculer inSufficiency. The cellular de-~
fects in these infants having small placentas were similar to those
produced in rats by ligation of a branch of the uteriné artery with
conseguent reduction of blﬁod supply to sﬁmé of the foetuses.
A ZO%Vred;ction in body weight at £erm was accompanied with a 50%
reduétion of liver weight whereas brain weight was not reduced af
all. The brein contained its full complement of cells whereas
;liUer cell content was reduced to 50%-Of expeétation; Dﬁly mild
-transient changes in tissﬁe enzyme aétivity occurred in the brain
»in contrast to.markéd lasting changes in placenta and foetal liver.
Similaf effects have been demonstrated in monkeys when placental
yascular insufficlency was achieued by partial placental ablation
(Winick, 1973).

VA‘study by Davies and DaQis (‘971)_diuided 120 infants with
bifth weights below 1.5 kilbgrams into two groups, viz. those who

were small-for-dates (SFD) and those whose birth weights were



apprepriate~for-daztes (AFD). A comparison of food inteke and body
temperature while ih the nursesry showed that under moré optimal
post-natal environméntal conditions, the gruwth of the AFD group

was capable of 'catch-up!, while the retsrdation (produced iﬁ utero)
of the SFD group was not reversible; This cleasrly focuees sttant-
ion on the foetal environment during the second and thifd trimesteré
of pregneancy. In this study the indices of grouth mere height,
weight and headlcircumference, but no psycholegical test evidence
was provided for the assertion that “reversibility of retsrded brain
growth in infants of low birth weight depends on gestational age at
the time of birth and the vigour‘of post-natal care." Another'study
by Naeye and co-workers (1971) of oréan and cellular growﬁh in dif=
'ferent groups of infants born in New York City showed that the growth
of the foetus of thg poor mother had been impaired. A rscial classi-
fication did not account for the differences in organ sizes between
3poor and hbn—poor gfoups, except that the mean brain weight of in-
fants born to poor Black mothers was significantly less thaﬁ that
of the infants of thé Puerto Ricen or wﬁito mothers. The cellular
-abnormalities observed were similar to those reported as resulting
from placental insufficiency, énd msternsl undernutrition was iden-
tified as the importent probable factor in the insult to.the fostus.
This may be reloted to reduction of pituitary growth hormone

(Nutr. Rev., 1972). The effect of gress maternal starvation such
as occurred in Leningiad and Holland and Jaban in the Second dorld
Yar wes a significant fall in ;nfént birth weight, but the;e‘was no
appa;ent effect on the length of gestation. Birth weight incressed

to pre-warclevels with post-war economic improvement (Altman, 1971).
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This evidence indicates that the foetus is not a ‘oerfect v
parééite'; foetal growth as indicated.by birth Qeight is im=-
paired by maternal nutritional deprivztion, and the foetus is not
_entirely spéred {Thomson, 1970). Nor can it be stated with confid-
ence thaﬁ the brain is fully sﬁafed over and éboue other organs
and systems when the orgsnism is exposed to nutritional deprivation
during pre-natal or early post-natal growth.

Vﬂ( g‘; f
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ANTMAL EXBERIDENTS IN THE STUDY OF ORAIN FURCTION I

NUTRITIGMAL OEPRIVATIOH




ANITIAL EXPERIEENTS TN THE STUDY OF BRAIN FUNCTLON IN
HUTRITIONAL DEBRIVATION

Whilst the evidence bf bicchemical and structural-alternau
tions in the brains of experimental énimals.that have been mal-
nourished during critical developmental pericds is clear-cut,
the importance of these changes in terms of CNS functian and’
the behaviour of the animsl hss not been cléarly established.
Invhuman studies very little data are available concerning the
effects of malnutrition on physico-chemicai structure; bﬁtitﬁere
is considerable evidence whiéh_suggests that brain function, in
terms of perforhance on conventional tests ofvintellectuai function-
ing and specific tests of perceptual motor fuhctioning, is interfered
with in children who experienced mslnutrition during early infancy.
Some of the evidence so far'suggests that there is a relatiﬁnship
between the age at which the nutritionsal insult occurred and the
deéree of functionsl deficit, bﬁt a definite causal relationship
between the malnutrition and the subsequent functionzl handicap has
been diFficult-to establisﬁ. Apart from difficulties in inter-

species extrapolation there are major difficulties in forming

‘cause~effect relationships between deficits of brain structure

and deficits in brain fﬁnction, and betyeen the.occurrance of
malnutrition and subsequent deficits in cognitive function.

The majority of inuestigafibns so far have been conducted
either by paediatricians.with an interest in psychological functione
ing or by psychologists with a bias towerds behzviourism. Both

favour a mechanistic viewpoint. This explains the attempts of
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cause~affect relationship in
mechanistic terms belween deficient nutrition and structural
deficit on the éne nand, and between. structural deficit and
functionasl deficit on the other. If ws sccept Birch's (1964)
definition of fbrain demage'! as referred to "a bghéviour syn-
drome and not to the fact of 'brain damage! as such", then ue
can hypothesisé that the_functional gxpressions of_this type
of brain dsmasge arg deficits in behaviour, motivation, learning
abilify, and intelligence, pfaduced not only by the crganic,
biochemical or scmatic aspects of malnutrition. (m0n£agu, 1971).
The parametersvof this type of Tcrain damagé' are difficult to
delineate in humens; Bbehavioural expression of eortical and even
sub-cortical functions in man is both qualitstively and guantita-
tively far removed from some of the animal species studied indica-
ting a need for tﬁe utmost ceution in interpretaticn and extrapo-.
lation. Clarke (1968) states: "It is possible that, with rapid
maturation in a2 hostile naturél world, early lsarning may have a
véry different Funétion.in animal as opposed t§ hﬁman deﬁelopmentg"
Added to this is the difficulty introduced by the well recognised

. ' . . ‘
fect that severe yrowth retardation together with the syndromé of
behavioural, intellectusl, and. cognitive retardsticn which closely
mimics the syndrome frequently associszted mith_malﬁutrition, can
result from social snd emotional deprivati05 in ths presence}of an
adequate diet (Bakmiﬁ,,lgdgg-Powell et al., 1967). Interpretation
of the enimsl. experimental work is further confounded by the well

known work of Rosenzweiqg, Krech, Bennett and Diamond (1968) and

‘Levine (1668) demonstrating the effects of early stimulaticn on

CNS development,
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Experiments aimed at ;xamininglthe influeﬁce oF early drive

deprivations upon later behaviour have been conducted by psychologiets
using several animal species over a long period of time. Investiga-
tions of this type revieuwed by Bronfenbrénner in 1966 havs shown in
general that the deprived animalsvhave an inﬁreasedvdrive for food
or weter, which is particularly noticeable»if the animals wre not
satiated at the time of testing (Batnes, 1967). The tendency to-
wards an'increased.drive for food or water lesséned or even dis-~
éppeared completely on resumption af an gg_libitum diet if the food
deprivatian had been initiated twelve days cr more after weaning.
Spveral investigations led to the conclusion that the drive debrin
vation, rether than altereﬁ leafning bapacity, enhanced the énimals
general activity level and its abilify to solve driveQrelevant pro-
blems. Another type of drive ceprivation involves an‘increase in
the size of litters being nursed by a lactating female ret so that

the suckling pups are relatively deprived of milk. Adult ahimais

that were exposed to this feeding frustration were found to be more

successful in competition for food, end hoarded significantly mors
food than control animals. D'Amato reared rats in 1itter‘sizes of

4, B, and 16 per nursing female and using. rewards of cdrinking water

~and sucrose solution found that litter size had no effect on either

discrimination or discrimination~-reverssl learning when tested

soon after weaning or in.éarly adulthcod. LAt et al found that rats
raised in lifters of three were physically more active, moved about
and groomed themselves more freauently, than rats reared in litters
of 15 - 20.

Attention was given to the specific nutriticnal effects of



garly food deprivation in 138206 by Anrderson and Smit

et

ysine deficient diet to a group of rs
artificiaily undcrféd ahoth;r group with e diet adeguate in pro-
tein. Both thé p;otein restricted and the undeffed rats made'mare
errors in a maze than the controls. After refeeding with & good
diet, the differences in maze performance disappezred. Bevsn and
Freeman (1952) fed a diet low in lysine from 30 daye of age and found
no difference in maze'performance with & group of rezts whose food

intake had been restricted so as to provide a body weight egual to

that of the lysine-restricted group. A study by Andriasov in 1952

‘indicated that when the reguler diet and the rswerd diet were the

same, there were no demonstrable differences in maze performance
between rats fed low protein énd normal.protein diet. In 1954
Griffiths and Senter rébbrted thaf rats receiving a proteinwfree
diet weré superior in maze performence to rats being fed = protein-
rich diet when the protein-rich dict was used for réinforcement.
If the proteih»free diet was used as a rewérd, the deficieﬁt rate
showed inferior performance.. X
An eérly study by Cowley and Griesel (1953) has prévided one
of the clearest demonstrations of impairment of learning behaviour
in rats following on nﬁtritional»restriction. Thése inveétigators
fed groups of male and female rats on diets of hutural fﬁod ingred~
ients thch d;ffered in percentage of total protein; the high
protein ciet centeined 20.1% protéin, the low'protein diet contained
12.9% protein. The rats uvere tested in Hebb~#1lliams dry maze which
employed a food reinforcement. No significant diffefence in thé

maze performence was found betwsen the vriginal groups of rets, but
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after breeding, the first filizl generstion showed a highlz\sign
nificant lowering of scores in the male rats receiving the low
protein diet. No significant differences weré found in the females.
Because the two diets were fed throughout thevlife span of the ani-
mals, it is possible that the effects on‘behauioural performance
werebdue in part to meternal deprivation, although this was mini-
mised by ad libitum feeding tﬁfoughout the_preservatioﬁ of litter
configuration. It is also bossible that the differences in maze
performance were due to differences in driveé the rats receiving
the higher protein diet not cnly éhowed better maze performancé
scores, but their lapsed time to reach the goal was much shorter
and there were fewer signs of emotionality, which‘suggssts thaﬁ
an increased drive in these animzls mey have led to their superior
performance. |

In ofder to avoid thé confusion of the use of a food reinfores-
ment in animals tﬁat have an altered drive for fpodvas a consequénce
of early nutritional deprivetion, some.invéstigato“s have ﬁada use
‘of‘the water maze Fﬁr measuring leczrning behaviour. In 1836
Berh&rdt fed diets containing.casien in preportions varying From
0 ~ 17% to groups of rats. When tested in a water maze, the rats
receiving the d% casien diet mace more errors than_thosé péceiuing
the 17%, but the differenﬁes ware not significant' Pilgrim et al.
(195l)‘compared rats fed on low and high protein diets from the 34th
to the 50th day of -life. No_significant difference in performance
was found on water maze trials at 74 days of 8Qe.

A further approabh to the investigation of the effect of early

malnutfition on later behayicur has been the attempts to stimulate
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human phenylketonuria by feeding excessive phenylalanihe to young
animals. .A review by Karrer and Cahilly in 1965 indicates that
gttémpts to develop a permanent behavioural abnofmality By feeding
phenylalanine to rats for short pericds of time after wesning have
been unsuccessful; the results haQe been Variable vhen the phenyia—
lanine was fed du;ing.early nost-natal life; but a positive vwesult
was obtained when excessive phsnylalanine was fed to female réts
both béfcre and after parturition. This result was in agreemeht
with the hypothéses of’ incrgased'uulnerability during critical
periods of development reviewed in Chapter 3. However; the behaviour-
al changes resulting from a dietsry excess of phenylalanine in rats
could be attributed tdvspecific toxic effects of phenylalanine
metabolites rather than refiecting an influence of PCH.

The relationship of gpecific vitamin and miheral dietary defi-
ciencies to CNS performance has élso been inuestigéted,(ﬁoursin,
1967) . Pérticﬁlar~attention has beén given fo thé B6 group'of
Vitamins because of their vital enzymatic function iﬁ amino~acid
metabolisme. Ekperimental vitamin B6 defibiency results in groés
behavioural asbhnormalities including hyber-irritability with a
lowered threshold of stimulation, and convulsive selzures. Be~
havioural changes are revérsible provided sufficiently large doses
of the vitamin are administered before the onset of irreversible
secondsry alteratioﬁs in_cerebral fuhctioﬁ occur. Tthe preferential
protection of ﬁhe brain at the expense of other tissues was.illus«
trated in 1963 by UWeber and Wiss who demonstratsd'thet.exﬁerimental
vitamin Bﬁbdeficienﬁy in rats may produce a reductioﬁ of the vitamin

content in liver to 9% of normal values, while the level in brain
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persists ot 70%. In spitc af thisvsuidence of fbrain sparingt it

is important té naté that the control ond low-protein diets usad

by Cowley aend Griessl (1959) differed alsc in concent;etions

of vitamins and minefals, type end amounts of fat, cerbohysdrate, and
bulk, and differed in protein guality. Specific smino-acid defi-
ciencies can cause structural and functional lesions of the GNS»
Gcott in 1964 reported thet a synthetic veline-deficient diet fed to
young male rats'fqr_22 days, and fc older male rats for 70 days
producod inco~ordination and circling behaviour aé fUnctional
manifestations of CHS alterationS'demonstrated histologica;ly a8s
myelin degeneration, ;ﬁd neuronal deteriorat;on of the‘deepvnuclaia

Functionsl signs of CNS damage which was yerified by histology

have hbeen observed by Platt, Stewart, and co-workers in rats; pigs
and dogs, weasned fron wellfnourished mothers end then allcowed

ad libitum feeding of i,ow—proteiru dists (Stewsrt, Plott, 1968).

in pigs, this regime retarded phyéical development and progressive-
1y reduced the appetite until a merasmic conditicn developed.. This
could then be converted by assiduoué feeding of‘carbohyﬁrete or

fat to one resembling kwashiorkor with oecdema. After only four

days of restricted diet, the rats deueloped.spasmodic trembling of
head and fore-paws. The pigs bedan to walk on tip-toe with a
'hobble-skirt! gait with evidence of inco-ordination of .the hind
legs. The dogs becéme hyper-irritable; . EEC chenges were demon-
strated, and periods of loss of conscisusness aAd convulsive seizures
were reported. The clinicel condition of these animsls improvsd

~after a short seriod of rehabilitation.
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Similar observations cre reported by Barnes (1667). CiS
functibn was eu3luafed using classical Paviovian conditioned-
response development Fo;lowed by.extinctian of the response in
pigs. No difference in the speed of de velopment of the conditioned
response in malnourishad and control pigs was noted, but whon atf
tempts were'made to extinguish s well esteblished cordi ticned-response,
it was found that thé control animsls extinguished quite rapidly,
whereeas thevpreviously malnaurished animezls had a gre;tly prolonged
perlod of trials before the conditioned-response dLsaﬂpearen, uwd
some animals did not mlsulngui'l at ailo (The con01t;on@u—s timulus
was a éhange of light intensity and an electric shock provided the
uncoﬁditioned stimulus). In drdef to refine the test procedure and
obtain a more quantitative estimzte of conditioning‘and extinction,
‘a modified Skinner box was used to estsblish a.deg;ee of condition-
ing quantiﬁatively. The results clesrly confirmed the earlier
investigationy the eorly-Jestchtec and control plFS CBUElOpr the

L

conditioned response at the 5ame.rate, but the control pigs .extin-
guished fhe conditionad response much more rapidly than the experi—b
mental animals. Interpretation of this behavioural change is not
clear, but the suthor notes s wcre pronounced subjectivé résppnse to
the ;hock in the experimental animals which could not be accounted
for by differences in pain threshold, altbqugh difference in elec-
tri cal resistance of the boﬁy to the wvwosed voltege did occur
between the experiméntal and the contial animéls. The elevatéd
emotionality of tﬁese animaols could he expected ﬁo have had an
effect on the quantitative aspects of the cohditioning; it is

tempting to sugqost that the resistance to extinction in thsse
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animals is akin to the 'experimental neureses ! produced in animals
by Massermen and others in the 1940's. Reference te Dobbing's
(1972) demonstration.that thé timing of the pig brain growth~spurt
paralleled that in humans more closely than any other animal species
highlights the significance of this work.

Barnes and Frankova (1967) have reportesd on an investigafion
using rats that hés provided evidence that nutritional deprivation
in early life may resuit iﬁ long lésting and possible peﬁmanent
learning~behaviour sbnormslities. An experimentsl design for the
productioh of nutritionsl growth retardation which providgd-four
experimentsl groups was'carfied out as follows: littep size was
adjusted tQ 8 and 16 neonates per léctating female respectively.
Immediately following weaning_both'groups wefe.split and given
diets containing 3.5% and 22% Casien respectively for & period of
8 weeks, after mhich‘the nutfitionally deprived groups were rehabi-
litated coﬁpletely. Control grdups were suckled normally and fed
a normal diet after weahing. males and females were sfudied sepa-
rétely but exposed to identical treatment. Growth curves of fhe
rats showed that some permanent retardation resulted from the early
nutritional deprivation. Visual discriminative learning-behaviour
was assessed using a Y-shzped water meze. A significant difference
in error scores was found in the male rais representing the two ex-
tremes of treatment, i.e. controls Qersus fhose deprived boﬁh pre- -
and post-weaning; the pre-weahing restricted rats also made more |
errors than the controlé; No significant difference was found
between the groups in female animals supporting the findiﬁgs of

Cowley and Griesel. Increased expression of emotionality was
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observed in the rats nutritionally d@prived pridf to weaning only:
the twc'groupsvthat had been fed the pgrotein-deficit diet pdst_
meaning were, in contrast,. calm'wﬁen exposed to ngm test procedures.
The same patﬁerﬁ of émotionality was observéd-in male-and femals
anima;s, élthough the femsales appeared to he less éffecied. Since
thete was a mofivational difference bétween the ﬁﬁo groups, the
authors conolgde that garly nutritional depriyations.in-these
animals have resulted in a decreassed lesrning capacity.as wéll as
changes in other behavioural characteristics{ The clearfcut sex
differentistion in effect is interesting and’awaits‘interpretatioAa

‘iore recently these authors have extended their investigations

‘using a similar design combining and separating the varisbles of

pre-natal and post-natal nutri tional deprivation, folloued by com-
plete réhabilitatioﬁ (Barnes and Frankova, 1969). .Evidence of ex-
;ggerated anxiety on the basis of drive depfiﬁation was again foﬁnd
to occur to 8 sign;ficantly greater degree in male rats that uwere
ﬁutritionally deprivea both pre- and ﬁost-weaning compared with
females subjected to the same dietary regime.. ALl rats suckled by
protgin deficient mothers shﬁwsd incresased exploratory behaviour;
after weaning thz exploratory activity in the ﬁeprived males wés

intensified over that of the controls while protein or calorie

restrictions were still being imposed. The intensification was
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even greater in females, and highaer in the calorie-restricted than
in ﬂhe protein-deprived rat. Rffer rehabilitation, explor§tory
éctivify of &ll previously mslnourished groups tended to decrease,
the tendency towards reduced exploratory activity being greater in.
the males. At the age éf 95 days, rehabllitsted rats ¥epresent;ng_
all four nutritionally deprived groups were not_significaﬁtly
different from the confrols in learning of-avoidance responses in
an gversive conditioning situation. However the malnourished rats
exhibited increased excitability, and inability ﬁo delay or &x-
tinguish the conditioned-response.

The more recent resﬁlts of Cowley and Griesel Cl963) using
their £rans—generational désign to establish.malnutrition and re- -
tardetion of phygicél development in rafs, are simii;r. The.oFff
spring of preyiously malnourished female rats were }ess active
after wéaning than coﬁtrol‘animals being the offspring of rats fed
stdck d;et. Even after a long périod of post-weaning rehaﬁilitation
on stock dist, the offspring of previdusly malnourished females
shomgd significantly higher error scores on the Hebb«&illiams maze
than did the controls. fultigenerstional effects of inedequate
nutrition were reported, and the data'inaicated that the nutritibn—
al envircnment which the_mother‘had experienced in utero and duriﬁg

the first five post-natal uweeks of her life, influehced the rate
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of ea;ly bhysical development df her Dﬁfspring.' The stuay demdn—_
strated that correction cf grouth retardation proved an unreliable
indicator of behavioural rehabilitationo

As in the human studies investigating the relationship between
fUn;tional deficit and previous nutritional deprivation, so alsc
in animal studies does the deprivation of food produce behauiouxal'

alterations which are not related to the nutritional deficiency per

'sg. Thus alteraticns in drive end motivetional factors complicete

the interpretation of the functional differences betueen well

nourished and previously malnourished animals. Whilst the evidence

.so far is inconclusiue; it does suggest that the behavioural altera-

tions in previously malnourished animals are at least in part due

to deficiency of specific elements in the diet. Protein appears

to be significant, and the evidence of 'ccarse! CNS dysfunctian

in the form of seizures and loss of consciousness is striking in
spite of the dif%iculties in the demonstration and evaluation of
impairment of higher CNS function. tomplementary evidence is proé
yided by Flewner et al. (1962) who demonstrated.inhibitiﬁn of
lgarning, loss of memcry, and diéorientation>ih mice when profein
synthesis in the brain wae inhibited by purcemycine

'In discussing the disaﬁpginting results achieved by experiment-

al enimal studies investigating the effects of nutritiocrmal degrivation



in eariy life upon adult ;egrﬁing behaviour Barnes (1967) comments_
that: hIt would appesr that a méjor difficulty has been a lack of
nu£riti$nal knowledge on the paft of theréxperimental psychologists
-who have cdnducted mqst'of tha.studies in this area and a lack of
knowledge of exnerimental psychdiogy on the part of the‘nutritiqnists‘
who have beén responsible qu some of these studies. This is certain-
ly one area of reseafch in which we need inter-disciplinary team work,
and hopefully in tﬁe future theréA@ill be more contributions reflect-
ing. the joint effort of both psychologist end nutritionist.ﬁ

Two main questions ériéing oﬁt of these studies require clerifi-
cati&n: What is the significance, in terms»of function, of the
structﬁral CNS deficits demonstrated in animals; ‘what meaning does
the dscreased”explofatory behaviour, reduced mazs learning ability,
and defactive ext?nction of conditioned responsés have in terms of
the oﬁerail learning'capabilitiés aof the animal involved and what
relevance do these have'forhuman intellectual functioning? No one
can afford to ignore the important quy of euidenée emanaﬁing from
animal experiments.mith tﬁeir superior techniques of control, and
the possibilitieé thaf they offer for the isolation of single
variables (Dobbing, 19?23). Howéver,'interpretation must consider
the fact thét many expefiﬁents_impoSe a severity oF:insulf which
would hardly allow surviyai if analogously aﬁplied to humén in-

fants (Clatke, 1968).
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CHAPTER 6

THE EFFECTS OF FEEDING, REFEEDING, AND OVER-NUTRITION.

The direct causes of irreversible growth'retardation due to
malnutrition are not clear. The pfesence of regulatory systems
which are involuéd in controliing the rate of cell division and
growth in varicus tissues make thé simple explanation of inade~
quate supply of structural materials seem unlikely. For example,
in contrast to eerlier theories that protein synthesis cannot take
place st the synapse, Gordon and Deanin (1968) have showﬁ that,
in vitro at leaét, this is possibie. All the requirements for the
operatibn of a transport:mechanism for profein destinéd to be the
source of amino-acids for new protein at the synaptic endings are
prgsent. Potentislly a mechenism is provided-whergby neﬁronal
struﬁtﬁres‘are protected against at‘least short term variation in
. the supply of essential amino-zcids to the whole organism.

Winick and Noblé (1966) found that raising rats ;n large litters
from birth to weaning resulted in a proportional decreasse in the
weight, protein, RNA and ONA content of all organs, including the
brain, indicating a reduced cell number without alteration in Qell
size.» These animals failed to recover.normal growth when re;Fed

after weaning. Rats raised on & restricted diet from weaning to
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days of age showed s proportional reduction in weight, protein,

RNA, and DNA in most organs except the lungs and brain. In these

two organs, the protein and DNA ratiocs were reduced but not total
DNA, indicating that the cells were‘smeller in size but thelr total
number was unaffected. Re—feeding failed to restore the number of
céll§ ;n.those_ofgans in which cell number was redQCed,'whereas

the lungs and brein regasined normel size. Dietary fesérictions

from 65 - 86 daysvof aée led to a reduction in proteih ahd RMNA
concentration without affecting DNA.in allvorgans. These studies
indibate that nutritionai deprivation differentially affects cell
size and cell number depending onvthe developmental phase of the
organ at the time of the insult(_.Thé brain sppeared iireversibly
damaged‘only by nutritionél deprivétion prior to weaning.in rats;
when cell sizé bnly was- af'fected, recovery took place oﬁ renfeeding,
whereas a»reduction éf.cell number was not_iﬁproved during rehabilie
tation.

Evidence for the effects of re-feeding on functional changes

in animals following nutritional deprivation are complimentary.

The gross signs of CNS dysfunction produced in animals by post-

weaning dietary restriction by Stewsrt and Platt (1963) wers ré~

versible after a short period of re-feeding. However studies of

learning behaviour using Food reinfercement are difficult to



interpret becsuse long—ﬁerm effects of early nut:itionai
deprivatioh on feeding behaviour ond food motivafioh havé been
demonstrated to persist beyond.rehabilitation. The use of learn-
ing situations basec on aversive reinfofcement which db not in-
Qolue foqd, db nﬁt remove the difficulties in interpretation
since early malnutrition modifies sensitivify to such negetive
stimuli. (Levitsky snd Bsrnes, 1970);

Guthrie'and SBrown (196G8) showed thst depfessed cholestrol
levels in mainoﬁrished rats Qere irreuefsible’if underthrition
was extended until 5 weeks of age, but werevrestorsd to fhorma
if rehabilitétibn occurred immediately after wéaning. This

suggests ancther vulnerable period cccurring after wesning at

o

about 3 uecks of =ge thet rélates to myelination of the brain,
aftzr which the brain bacpmas rasistanf to deprivation.
‘Dickepson and.Walmsley (1967) reported that rats undernourished
from weaning un£il ll‘weeks of age coulc be rhhabilitated totelly
if re-fed for 2 - 8 weeks, aflter which no reduction in DNA-P
concentration of the brain wes found. Evidence of coempensatory
‘mechenisms was provided by Dobbing and Widdowson in 1965

(quoted by Altman) vho demonstrated that underncurished 11

week 0ld rats acquired three times the amount of cholestrol

found in well-nourished cdntroi snimals over an 8 week rehabili~

tation period.
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Studies by Chow and Lee (1372) help inbexplaining the complex
systems controlling the ;aﬁe of cell division. These workers ob-
served that the 'permanent'® growth f@tardation in the offspring
of rats subjected to dietary restriction.dqring gestation and lac-
tation could not bg corrected by subseqﬂent refeedihg, but wés Te~
stored to normal if the animais were given ;njecﬁions of pituiﬁary
éxtract or growth hormones. 8mall pituitary glands with a.law
concentretion of growth hormecne were reported in the malnourished
animals. The hypothesis that pre-natzl malnutrition coﬁld cause
irreversibie undersecretion of arowtn hofmone and thefeby grouth
failufé of offspring. has beén further tested using radioimmunoassay

and bioassay technigues . The weight of the pituitaery in male

. : 4
nourished rats was 60§ of the contrels and the growth hormone con-

tent per pituita?y was.about one third that oflthe control group.
Plasmé.growth hormone ievels were éléo'fouhd to be lower in the
unaerfed group. The authors suggest thét a deficit bf cellular
growth may be a pfimary effect of undernutrition of the adreno~
hypophysis, or that‘pituitary growth hormoneAcoﬁtent'may?be re-
duced due to abnormsl development of the hypothalamus and.undar-

secretion of growth hormorne releasing factor. By mesns of similer

mechanisms malnutrition may serve to alter the production and se~

eretion of other hormones, and since relstionships between hormone
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secretions and abnormsl beheviour are well cstaslished, these
studies may cont;ibute ﬁc an understanding of the functional and
bchauioural abnormalitics'fcllowing malnutrifion in animals.

Consiceraticn of cce rcle cfvgromth hcrmone and the effects

.'of depressed secretion on growth and developmenﬁ may a lso provide
a link between, and elucidate the similcrity-between the cyndfoma
of fetardation related to mclnutriticn and the almost idehticai
syndrome associéted with emotional depriﬁation and environmental
under-stimglction. Rosenzuweig et al. (1968) and Bennet et al.
(1868) have shown that rats exposed to different environments sﬁow
characteristic changes in brain weight, enzymatic éctivity and depth
of cerebrzl cortex. Impoverished animels meré'caged singlx, colony
animals were housedl2 or 3 per cage, and enriched animals 10 or-12
per large cégé‘with toys. .Dry weight, depth of cerebrsl cortex,
enzymafic activity, and probiem_solving behaviocur were increased‘by'
exposure to the enriched environment as compared with standard colony
and impoverished conditions.(Henderson (1970) found that an enriched
behvironment resulted in increased brain weight in mice. Thcmpscn
and Heron in 1854 showed that cet~reared dogs behaved more ihﬁelligent~
Ily in a vériety of sifuations than their iitter mates who had been
caged for.tha first 8 months cf life. Coapcr'and Zubek (1368) have

shown using rats'that different environmants in different genetic
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lines may serve to either_develoﬁ or depress preblem solving
capacities. Tuwoc lines of animsls whose maze solving ability had
been developea prcgressively'by seléctive_breeding were studied.
When rats from the ‘bright'vand 'Gull" linés were raised for e
whole generation in a8 restricted enviranment whi;h diffared from
the normel laboratory environment, no differences between the
genetic strains could be detected, and both performad aimost
equally well when both were raised in the same stimulating
environment. Uhen bethvgroups were ra2ised in a normai-environment
the difference in error score was significant.

The work of Spitz, Goldfarb, Bowlby and Dennis cbncerning.
the ;ong term effects of early deprivatiqn on cognitive develcop~
ment has been examined critically by Clarke (1968) who stresses
the resi}ience of cﬁildren moved from an impovsrished into an
enriched environment. In 1967 Powell, Brasel and Blizzard des-
cribed the ;yndrome of pseudo—hypqpituitarism occurring in child-
ren from an gmotianally disturbed background in the ﬁresence of
an adequate diet confirmed_by normal serumvpfoteinsn Gromth and
intellectual funct%ons improved during rehabilitation in hoépital,
but lapsed on retu;ﬁ to the home environment. Engel et al. (1956)

described growth failure in hdspital in infants fed by gastrostemy,

contrasted by significant weight gain in an adeguate home environment.
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An importent ongoing study on the effects of sti&ulatidn during
rehabilitation of malnﬁurished children (Yaktin et al., 1970,
1971) shows that the benefits of increaééd stimulation‘fade
after return'to the home environment‘(see chapter'Z). IE seems

clear from thesé studies that the effects of adverse early ex-

perience are reversed at least in part by imgrovemant in environ-

mental conditions but lasting gsin is dependent on subsequent

reinforcement.

hilst there haévbaen a preoccupation with the effects of
reduced nutrition, somé studies of the effects of early cver-
nutrition have been carried out. .Extensiue studies by Widdowson
and ficCaence, .and Dobbing have demunstrated that increased con-
sumption of maternal milk during the first days of life would

accelerate physical growth and development of the CiS (Nutr. Rev.,

0 1971). Arimals reised in small litters weighed twice to threeltimes

normal at weaning and maintained their superiority throughout life.
Winick and Noble described in 1966 an incressed number of brain‘
cellé }n rats reared in small litters coﬁparea with those reared
in normal sized litters. Lat, Widdomséﬁ and fcCance (1961) found
an increased level of exploratory activity in new environment in
fast gro@ing raté compared with slouw grdwing rats betweén the 21st
and 49th day o% age..

flore recently in 1970 Frahkéua investigated the béhauioural
activities of rets derived from 1itter_§ of 4, 8, ond 17 animals.
Animéls from litﬁers of B were regarded as-éontrols for those from
amall litters (ouer—nouriéhed) and’'those from large (under-nourished).

One-half of the animals from each group were fed a low proteih;



R

high fat diet from weaning te 56 days of age, thereby imposing a
period of protein ;estriction. These snimals were then fed the same
basal diet as the rest. Spontanéaus exploratory ectivity, habitua-
tion ofvfhe exploratory activity, and ability to develap conﬁiﬁioned
résponses were examined et varicus times over a period of ong year.
No permanent behaviéural superiority was demonstrsted in over-
nourished rats. Increased exploratory activity in ﬁhe,over~fed
animals was recorded dpting the esrly phases of growtﬁ coinciding
with development of CRNS agd motor structures, but this was redﬁced
after the 19th day of life. . The adult behaviour of the overunourishéd
animals was in many respecte similar to thet of the undernourished
animals and uéually inferio: to the controls. In another'paper
FrankéVa‘(quoted by winick,'1970) reﬁorted that rats super-nourished
for the Firét 21 days af life.showed subsequent learning deficits.
Thué both underﬁutrition and over-nutriﬁion in pre~wezning rats will
result in be:sistent functional alterafiﬁns of the brain, anﬁ over-
nutrition prior to weaning did not protect against the consequence
of protein deprivation after weaning.. The response to certain
hharmacological'and psychological stresses was similar in fhe over-
nourished and under-noﬁrished énimals,

The results of these studies raise important cuestions. The
structural and biochemical changes in the brain following neo-natal
nutritional deprivation are quite different from those following
over-feeding. In terms of cell number, they»are opposite. In
contrast,; the behavioural chenges are quife,similar. It may then

be possible that the biochemical changes in the brain that have

been repdrtéd to follow on malnutrition imposéd in pre~natal and



early postenatzl life have little functional significance

(Nutr. Rev., 1971). OCn the other hénd the environmental changes
brought about by manipuleting litter size may have a significent
effect on the structure.and function of the brain and CNS which

is being reflected in these investigations.

B4
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CHAPTER 7
QVERVIEW

An attempt to gain perspective in the study of malnutrition

and intellectual development must focus attention on two inter-

related but distinctive aspects of the problem:

Firstly, what are the methodological proilems, and what limits do

- they place on the reliability and validity on recent research

findings; houw cah the difficulties be expected to effect results

. of future studies and how can these difficulties be overcome?

Secondly, what conclusions can be drawn from the mass of diverse
research approaches to the problem, and what further research
directions are suggested which are likely to produce meaningful

and useful information?

METHODOLOGICAL PROBLE!S

Studies attempting to relate malnutrition during early life to

later intellectual development have been both retrospéctive and pro-

"spective in design (Nutr. Rev., 1970). Retrospective studies define

children who have been malnourished at an earlier age, and compare
them with children who were not malnourished. Such studies have
the:advantage of being able to collect reletively large numbzars of

children in a short périod of time, but suffer from the disadvantage

- of poor def%nition of the nutritional state during the critical

P

| period being examined. Freguently the nutritionsl status data

are only available from historical information on hospital charts
and will vary in reliability. Control populations must also be

selected on the basis of nutritiomal history but must match the
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experimental grouﬁ in 211 other respects. The difficulties
attending the éeleﬁtion of such control grﬁups are obvioué in 8ll
studies so far undertaken; so far no study has successfully achieved /
complete control over all the nonqnutritiQe variables wyhich have an.
effect on the develepment of intellectual Functionsl Attémpts to
overcome thevdifficulty of control by the use of siblings suffer
from the danger of controlling but the independant variable. 1In

such studies it is probable that the control siblingsvsuffer from

a similar degree of chronic sub~optimel nutrition ("dietary sub=-
nutrition®” defined by Brock in 1961 as any imhairment of functidnal

efficiency of a body system which can be corrected by better feed-

ing) end differ only from the index cases in the absence of any acute

§ episode of nutritional diséase. why some children in a chronically

" sub=-nourished poleatién expefience an acute episodé of nutritional
illness, and why others who appear equally malnourished when'com~
pared in terms of deficit in expected height-and weight do not
succumb, is an interesting question introducing 3 Fﬁrther set.of
variables which are difficult to account for. |

In contrast to retrospective‘studies, prospective studies usually

haVe fewer children available for study, but the nutritionél status

is evaluated by the investigator himself in both the melnourished and

control groups. The advantage of this type of agpproach is that better
i ‘nutritional inforﬁation is availeble and the selecticn of conﬁrols'

is made at the time that the sﬁudy population is defined. B8oth

groubs can then be followed coﬁcomitantly. The probleﬁ mifﬁ this

type of stu&y is the economic one ~ a longer pesriod of time is re-

- ' ‘ guired to study & smaller number of children.
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The serious methodological problems to be faced in»Clinical

studies of intellectual and motor development in cHildren treated

for malnutriticn have been referred tb in Chapter 2. The‘many

variablas that have to be considered and, if possible controlled,

includes |

1. The conditions and duration and hospitalisation to which the
child mas.exposed. Geber and Deen (Courrier, 1956) stressed
the imporfance'of the mother/child interaction during hospital-
isation as a crucial factor in the ratevand degree of'phyéical
ana mentzl recovery shown by children'sufFerihg from kwashiorkor.
Whilst this problem spplies more épecifically to thosze studies
conducted during the immediate recovery period;vpossible long-
term effects of hospitalisstion may providé variables in long—-
tefm follow-up studies which‘are difficult to control.

2. The ége of the child at onset of malnutrition has varied con-
'sidefabiy in the populstions studied, and in terms of hypo-
theses of critical periods of vulnersbility in brainband be-
havioural deveiopment may represént a crucial’condition of tﬁe
effect qf the independenf variéble. In retrospective studies
it is sometimes im@ossible to establish the exact age of on-
set. Whilst age on aﬂmission to hospital is used to indicate
thg age of onset of an acute episode of PCH, it proﬁides actualiy.
an approximation of the durstion of chronic untreated malnﬁtri—
tion. Crevioto and Robles (1965) found that there wass a greater
persistence of low performance scores on adaptive behaviour ﬁn
Gesell Scales in those infénts‘who were under 6 months of‘age

at the time of treatment compared with those who were ‘over



6 months of age and this wass confirmed by Yaktin (1971). Con-
versely Chase and Martin (1970) found that children edmitted to

hospital with severe undernutriticon after the age of 4 months

were more severely impaired than those admitted within the first

4 months of ‘1life, who did not differvsignificantly from their

controls. Similarly Evans (1369) found a significantly lower

mean intelligence score in both_ex—kwashiorkof subjects and the

siblings of fhe group admitted to hospital aged 16 .- 48 months

when cdmpared wifh the group admit£ed betweeﬁ the ages of 10 - 15

months. These findings suggest thét both»thévage at wﬁich the ma-

jor nutritional insult dccurred és well as the duration of.mal-_

nutrition are significant independent factors.

3. The sociel, eqonomic, and family ecology from which the child

i comes are perhaps the most difficultrféctoré to control, end

their effects on the develonment of intellectusl functions,

cognifive and motor skills have been abundantly demonstrated

in psychological, socio-demographic and anthropologiéal studies

M8nckeberg's (1972) study illustrates this difficultys even

children with acceptable nutritive conditions (as evidenced

by optimal grbwth) in the low socio-econamic group showed

lower 1IQ Vélues than preschéol children.belonging to groups

drawn from a better socio;economicvlevel. The use of intré—

- familial controls does not overcome this pfobléﬁ entirely be~
cause. of temporal variations in the economic stability and in=
ternal psycho-dynamics of the family. ﬂddifonal variations may

be introduced by geographic mobility.
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The intellectuesl and ecucational level of the parents is V/Q
supposedly controlled by selection of comparzble groups in

some studies., At best this ﬁethod cannot hope for mere then
minimal control, and intra-familial control provides the énly
answer to this difficulty with a kno&n expectation for between-
sibling IQ correlations.

The type of malnutrition present in the subjects studied has o
Qaried acroés the entire range éf the PCH spectrum. Different
effects may result from a diet deficient mainly in protein &s
oopoced to one deficient mainly in celaries. Uariétions in

other specific mineral and vitamin dietary elements are also

likely to have occurred in previous studies, and the role of

infectionvor_other supervening‘factors iﬁvprecipitating the
ecute episode of malhutrition may also be relevant but uncon-
trolled. Lizng's (1967) study is the only cne which singléd”
out a specific vitamin deficiency in addition to PCHM. The
type of malhutrition prevalent is likely to be related to
availability of uariaus-Fng types and will therefore vafy from-
one geographicel ngion to'the next. quthermore the degrse v
of urbanisation and industrialisztion will‘also influence atti~
tudes to breast feeding and the degree of change in traditional
child feeding and rearing practices. Thus in less developed J/
areas where breast feédihg remains relatively prolonged ﬁhe on-
set o% malnutrition is likely to be relativel& lote and the type -
more typical of kwsshiorkor, whereas tha urban slum‘is likely to
impose weaning and poor thrition from an e€arlier age resulting

in an earlier and more merasmic type of illness. Severity of
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illness has not been controlled, 2nd in some histological Stgdies
the children had died of malnutrition (Winipﬁ and Rosso, 1969).
A further uncontrolled variable is the degree of matazrnal malﬁutrition.b/
Few studies have taken bipth weight into account, but the significance
of maternal malnutrition has been suggested by Witkop (1967), Birch

(1972) and Winick (1973). {4 A°

STATUS OF CURRENT KNOUWLEDGE -

"An evaluation of the current knowledge in the field of malnutri-
tion and intellectual development can be addressed tp two main
‘questions, viz. 1) .what consequences does pfotein-calorie malnutri-
tion in early infancy have for subsequent intéllectual functioning
of the individual and 2) can the mechanisms or processes be iden-
tified whereb9 the effects of early protein—palorié malnutrition.and
later intellectual functional deficit are ﬁediatédf

The studies reviewed in Chaptér 2 ieave little doubt of a
ielaﬁionship between PCM in infancyvand later déficit in performance
on tests of psycho-motor and inteliectual functions. The ééusal
relationship between the antecedent malputrition ner se and the
fuﬁctional deficit hss been inferred but never conclusively demonstra-
ted in human studies because of the difficulty in isolating malnu=-
trition as an independent verizble. The extent to which malnutrition
on ité own is an éffectiue factor in inferfering with thevdévelopmen£
of intellectual functions remains an open,qgestion. Attémbts to re-
sdue.this guestion ;sing animz) studies have.achieved more success
in isolating malnutrition as.an independent variable butido not

offer a total immunity to the mefhodological>diFficulties of con=-

trolling other significant independent variables,
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Drive deprivatioh alone infiuences the animals' behaviour, and
functional and structural changes that have been shown to result
from increased handling and tactual>stimulation may confouhd‘fhe
issue when litter size is modified. - However these studies indi~
cate that thefe are critical pericds inlthe development of the
CNS .and brsin as s cellulér and bio;hemical system during which
its morphological and biochemical structure is vulnerable to thé
effects of malnutrition. Conver;ely, épposite morphologicel and
bidchemicél effects can be prﬁduced by inverting the independent
variables viz. by overfeeding or supernutrition. Thé'problem
ariées from the.fact that these ‘two opposite extremes of treat-
men£ in énimals produce similar functionel, behaviourel déficitse
Thus inferen;e On;y relates cell size and cell number to function-
8l disability in maze‘performance or conditioned reséonse formation;
the consegquences, in térmé of behavioural funcfion, of the mor-
phological; biochemical and enzymatic alterations in the Eréin pra-
duced by malnutrition during critical developméntal periods have
not been fully established.’

Some pafallels exist between-phe behauioﬁr'of preQiously,malé
nourished animals and previOUslyvmaln0urished children. Barnes
(1967) demonstrated repeatedly that ﬁreviously malnqurisﬁed animals
showéd no difference in rate of developing a conditioned refleg;
but'the rate of extinction of the cdﬁditioned reflex wes signifi--
cantly prolonged. In humens, Klein et al. (1572) using.heart rate
as the dependent varizble, deﬁonstrated 2 significantly different
pattefn énd slowerrate of habituation to pure tone stimuli between

normel infants and those rehabilitated after severe nutritional
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- marasmus. Similar differences in hebitustion have been noted

between normal children and thbse_suspected of brain damage,
but differences in érienting reflex and habituation have alsc been
noted by Levine and flullins (1968) tc ocecur between manipulated and
non-manipulated animals, and betmeen maternally depriued monkeys amd
normally reared contrbls., These differences have been related to
adrenal steriod secretion.

In overview it is apparent that seﬁeie deprivation of either
‘or both nutritional and non-nutritional stimuli is capsble of
producing a degree of ‘damage' to the_brain in huméns and animals.
No strudtural lesion, focal or'diFfusé can be identified; the
'damage' is a damage to growth-ahd function (Dobbing 1975, 19?2,
1972a). A specific biochemical impairmant mzy yet be found,

“and there is a need for research in this direction (Witkop 1967).

Difficulties in relating demonstrated morphological andlbio—

_cheﬁical cﬁanges to observed functional deficits in malhourished
animals has stimulated a search for mediéting mechanisms or pro-
cesses operating between the tmq. The search is still in its
infancy and as yet no direct functional significance can be at-
tached to such variables as brasin cell size, cell numbér, degree
of brain myelination, as aséessed by DNA, RNA, and cholestrolv
indices for these parameters.

An interesting line of ressarch is reported by Witkop (1967)
bésed on thé cbservation that fesponse qf children with kwashior-
kor to phanylalaninevand histidine loads are somewhat like the
response in children with phenylketonuria'and histidinemis fespec—

e

~tively. Evidence for actual placental transport of these smino



acids suggests that children of malnourished méthers may be under
considerable risk in intramuterine'exposure to hich levels of
histidine and phenylalanine. Children with histidinemia_preseht
with a particulaf type of speech disorder based on inability to.
pronounce certain words, and associated with an auditory 'scramble!
manifested as an\ihability to repeat words in seguence added one
at a time, together with a short éuditory memory‘span.. A poési—
ble mechanism for a large component of mental retardstion in
children following PCM is the result of nutritiocnzlly induced
enzymatic deficiencies iﬁ histidine and phenylal@nine.

Studies such as described by witkop are fare, but indicate
the auailabili£y of research apﬁroaches whiéh aré oromising be-
cause they suggest testesble hybotheses. For exemple, liitkop
.suggests that the type of mental retardation expected‘would havé.
‘clinical features of hiétidonemia and ﬁhenylketonuria, and that
children born to protein malnou?isheq mothers would have an in-
tellectusl defect quantitatively and qualitatively different from
the child who had only post—weaniné PCM. Several studies have in=
dicated that verbel and language functions are consistently more
seriously implicated and failed to respond tq pehabilitation to the
same extent that motoric snd non-verbal functions do (Wsterlow,
Cravieto and Stephen, 1960; Cravioto, 1970; Yaktin, 1970, 1971).
~This observation has been assumed oyef the past to reflect fhe ef-
fects of maternal deprivatioﬁ and of class differences in verbal
interaction between mother and child, but it may be related rather
to a deficit of auditory memory. Some support for this comes from

the observation of Canosa (1971) that short-term memory and the

"]



aveilability of short-term stimuli discrimingsted between well-
and previcusly melnourished children on psychological testing.
Future studies should therefore be directed towards identifying
more brecisely the nature of the functional deficit occurring

as 8 consecuence of PCH in both animals and childrene.
q
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PART II: THE PRESENT STUDY

CHAPTER 8

BACKGROUND, RATIONALE ANJ HYPQTHESES

This study is the logical extension of an inyestigation
reported under the title "Kwashiorkor and Intellectual Develop-~
ment" in 1969. Whan, in 1968, that irdvestigation was undertaken,
few studies of its kind had been reported in the world literature,
and the study was unique in thaf it was the first reported use of
intré~Familial subjects'and controls {siblings) in an attempt to
control the many non—nutritive variables which.act independently
in the develophent of intellectusl functioning. The results of fhek//
study_indicated thaet an acute episode of protein deficiency diseaée
of sufficient severity fo necessitate in-patient hospitel treatment
did ngt significantly lower the.subsequent functional intellectusl
level., %Ee study however dic not exclude the possibility that long~
term chronic undernutrition did fetard inteliectual development, in
both the subjzcts and their sibliné controls. 1ihilst the study
minimised fhe influence of génetic, socizl and environmental factors

on the determinatin of intellectual development by the use of sibling

controls, there was also to some extent & cancelling out of the

independent variable. Thus, a siﬁilar degree of physical growth
retardation wes found ih both groups, and the group with anfecedent
kwashidrkor differeé only from the sibling control group with the
intérvention at some stage of one or more factor(s) which precipito-
ted an acute phase of protéin-calorie melnutrition sufficient in

degree to produce unmistakable signs end warrant in-petient hospital
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treatment; In retrospect it is impossible to.identify the intervening -
factor; .this may havé been nutritional in the form of a deficiency
of & shecific nutritional element e.g. protein or vitamin,.or it
may have been infective, or it may haﬁe been psychosocial or psycho-
dynamic or any combination of fhese. ‘The suggesﬁion wes therefore
made that a study of children who had been nutfitionally deprived
by virtue of an intestinal malebsorption synarome or fibrocystic
dismase should be-undertaken in which their intellectual function-
iné cquid be compared with that‘of their éiblings.

The impractability of such a study because of the lack of a
-sufficiently large number of sﬁbjects satisfying the experimental
requirements led to the ides of approsching fhe'problem fram a
different angle viz. by studying the effect of inverting the in-
dependent variabie. Stoch and Smythe (1563) suggestéd.that the-
effects of PCM on intellectual development could only bé demonstratea
by the'coﬁparison of children representing opposite extremes in
nutritional condition, end used this arguﬁent taljustify their com-
parison of grossly marzsmic chiidren with ehildren whese early
nutritional stetus had been mainfgined 2t an adequate level through
attendance at a creche. The presaent study aims to stimultanéously
exploit the‘congept of studying extreme cases of the ihfluance‘of‘
the independant vériable ih two directicns, and aléo to include
the advantages af the use of sibling contfols. The design basically
operates by the comparison of different éhild&en from within the
same family who respectively |

a) suffered an acute clinical epiéode of PCH,

b) suffered PCH evidenced by éignificant physical growth
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.retardation but at no timevpresented with
acute clinical symptoms and
c) in whom PCH wss prevented by dietary sup-

plementation during the first 2 yesrs of life.

The main hypothesis underiying this study states that if v -
garly malnutfition per_se causes retardation of intellecﬁual
development, then dietary supplementation during the same de-
velopmental period should prevent the occurrence bf such intgl-
lectual retardation in a population st risk. A basis for this -
research approach is the knoun fzct that siblings hévé high;y‘
correlated scores on intelligence tests, reflecting.the fact that
sibiihgs belong to thé same genetic pool, have been exposed to
similar physical and social environments, and have been exposed to
similar epidemiological'hazérds.

Because propision of dietary supplement to an infant within a
family is'likely to provide other non-nutritive stimulétory effects

on that child . and the entire family directly, or indirectly via the

‘mother, the design included the selection of a control sibling just

preceding the supplemented sibling who was exposed to the same sbciai
stimulétory effects but did not receive specific nutritional atten-
tion. Because of the improbability that the index child only would
benefit from supplement issued to the mother, an attempt was made

to ensure that the control sibling was beyond the age when dietary
suppleméntetion should, in theory, have any significant bepeficial
effect on his intellectual development, i.e. after the ége of 18
months accqrding to Dobbing (1972). 1In an éttempt to magnify the

effect of improving nutrition on intellectual development, the
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- other extreme situation was studied in each family by testing an

older sibling Qho had been malnourishsd to a degree sufficient to
ceuse an acute episode of kwashiorkor necessitating hospitalisation,
and treatment in a metabolic ward, together with a further sibling
whose physical growth had been retarded to a similar extent but wha
had not succumbed to acute PCH.

The design of this. study is unique and was made possible by the
ex;stence in Cape Town of an unusual group of subjécts who have been
under study over the past 15 years by the M.R.C. Clinical Nutrition
Reseérch Unit at U.C.T. The feed-up project uwas initiéted in 1963
when the new-born sibling in a group of Cape Coloured familieg.
with a kno@n incidenée of kwashiorkor»waé selectied fdr dietary
supplementation (Moodie et al., 1973). Apart from tHe incidence of
acute PCH in the family, fhe main criterion for selection was a pooT
growth record in 211 antecedent siblings (below the 3rd percentiie
in weight énd height for age) in spite of normsl birth weight.

The project was conducted by avmedicel'social worker who paid
weékly visits tc the family fdr 2 years from thé birth of the feed-
up siblingse. Initiall;, sgpervision only was given to ensﬁre that
breast feeding was well established. yhen breast feeding failed,
or declined to insufficieﬁt levels, fesdiné was supplemented by an
adequate supply of branded full?cream powdered or evaporated milke
When each child wes aged 2% months, a.foftified cereal was intro;

duced regardless of .the status of breast or bottle'feeding. (Pronutfo:

protein content 21.5¢, 365 caelories/100 grems). In addition, a vita-

min and iron syrup wes supplied for the duration of the pPTOgTaMe.
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Weights and heights of the infants were fecbrded regﬁlsriy,
and any tendency ﬁoMards failure to thrive was inuestigsteé medi-
cally. Similarly, any inéiden;e of iilness ar infectioh was treau~
ed promptly. Control siblings received the ssme medicel care;
they also possibly tenefitted from a proportioh of the dietary
supplemenﬁ,-tha likelihocod of which incressed only after the first
6 to 12 months of susplementation when they were more able to ob-
téin the cersal for themselQes without the mather's knomlédge. .

Rpart fram this, generel improvement in nutrition on account of

improved maternel motivation and the genersl focus of attention on

food witﬁin the family is likely to hsve occurred. The actual
quantity of food dispensed per child per'weék was determined by

the chiid's weight gein, the limiting factor.being only a regafd

té excess which could be put at the disposal of the siblingngontrol
child. The feeding mas.only supplementary - the child othefwise
participated in the usuzl eesting habits of the family. The dietary

supplementation wss discontinued when a mean duraticn of 28 months

had been attained. Thereafter routine care was continued at the

local Health and @elfare Centres.

The present study sims to investigate the following postulates:-

Proposition 1 If malnutrition as such causes retardation of

intsllectual and cognitive development, then
the fed group should show a significantly higher
intelligence score when compared with each of the

other three groups.

Proposition 23 If social and stimulus cdeprivation (including the

effects of recurrent illness end infection) rather



then'malnutrition.:s such is rasbonsible
for the intellectusl snd cognitive retarda-

- tion, then no significent difference in intelligence
score would be expected betueen the fed group and
the fed~contrel group, but these two groups should
differ significantly from the kwashiork@r and
kwashio:kor'cénﬁrol QIOUD

rer

Proposition 33 If the severity of BCHW is related to the degree

of intellectuzal retardation then the kwashiorkor
grotup should show a significently lower invelli-
gence score when compered with the kwsshiorkor

control group, and the fed-control group.

Proposition 4; If the duration of chronic PCHW is related to the
degfee of retardation of intellectual development
then ho.significant difference in in£elligenée
score should be expected to occur between the
kmashiorkor group and the kwashiorkor control
group, but both groups should show significantly

lower intelligence scores than the fed group.

Yhilst the above prdpositions are Fafmulated in tefms of quanti-
tative dif{ferences in intellectusl development, qualitetive differ=~
ences should be shown by differences betwezn the gfoups on the sub-
scale intelligence,scofes,'and by differences'oﬁ the Bender Gestélt

and Harris Drawing Tests (See Chapter 9).
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In August 1972, 14 bf the feed-up children from an original

group of 18 were available for study,‘together with 13 sibling

controls.. Within 9 of these familips, kwashiorkecr rehasbilitess

and their sibling controls had been tected in 1968-during the

previcus investigaficn. By including the remaining 5 kwsshior-

kor rehsbilitees and theif sibliﬂé controls, a sample of 54

children frpm 14 families wss composed ge follows: from each of

12 families 4 childrén were drawn &nd assigned respectively to

kwashiorkor group, kwsshiorkor control group, fed group, fed

control group; in 2 additionezl fzmilies 3 childrsn were availablé:

assighed to kwashiorkor grcup, kwzshiorker centrol, and fed group

in the one family; and as kwsshiorkor group, fedvgroup, and fed

control group, in the other family. Both of these gaps were created

'by.the death of a contreol child, one dus to e motor vehicle sccident

and one due to accidental poisoning.

THE EXPEFIENTAL CROUPS
Two experimental groups were formed each containing 14 subjects,

and each representing an extreme of early nutriticnal status:

Kwseshiorkor Croup

The criterion for selection to this group was thst the child
had been hospitaslised et least once during infancy for treatment of

acute kwaehiorkor as defined by Hansen (1968). The subjects in this



group were all males, reflecting the knowh unegual distribution

of the disease between the sexes.

Fed Group -

This group consisted of 14 subjects.being 2ll the available
éubjects from the feed-upn project describéd in Chapter 8. Of
the original 18 feed—up‘childfen, 2 had died from infectious
diseases and 2 meré known to have moved to.ofher arees_beydnd

reasonable access. The group consisted of 9 males and 5 females.

THE CONTROL GROUPS

The sample contained two control groups each consisting of
siblings of the other, and each matched to one of the experimén—

tal groups which were also sibling groups:

Kwashiorkor Control Grouo

This group was composed by the selection of the sibling near-

‘est in agelto the kwashiorkor child, but having no history of acute

protein-calorie malnuiritiéne No attempt was made to match the
grToups fqr éex in the present investigstion, but the 9Apairs of
subjeqts included from the previous stﬁdy were sex mafched. The
group coneisted of 13 children (one having died due to alleged

poisoning), 10 of whom were males and 3 females.

Fed Control Group

This group bonsisfed of the sibiing nearest in age just pre-
ceding the fed child in each family. The grauﬁ consisted of 13
children (one child had been killed.in a motbr vehicle accident),
7 of whom were males and ‘6 females. This group was a mean of 21

months (1.8 years) older than the fed group (range of age gap

101
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0.95 - 3.0 years) S0 that by the time supplementsry feeding wes

‘commenced the group had a mean age which exceeded the theoretical

critical period of vulnerability in brezin growth.and WweTre thérefore
not susceptible to significant accelepation in intellectusl develop-
ment resulting from improyed nutrition.

No chila was included in the study if there was sny doubt about

maternal or paternal parentage. 1In all cases children had lived

‘within the same family environment except for periods of admission

to hospitasl. This absence Frbm the family affected mainiy the
kwashiorkor group in which it was a constant factor throughout
the group. A small number of families made moves of residence
(generally to improved conditions) during the feed-up pcriod;'
In 8 of ths families a further sibling was born within fhe feed-
up pericd. The supplementery feeding was exténded to this ney

sibling, but he was not included in the sample.

TEST BATTERY

‘The battery of tests weas essentially the same as that applied
in the previous investigatiﬁn with tﬁg adaition.of the Bender
Visual MOtbr'CestSlt Test in the present study. The aim in select~
ing the battery of tests was to ﬁroyide.é-profile of the children's
present overall intellectual performsnce, and the.Bender Gestalt
Test was included because of its value in discriminsting 'brain R

damaged! and 'non-brain damaged!' groups (Koppitz, 1964). No in=

‘telligence scale has besn standerdised for use on Cape Coloured

children in this age-group, and consideration was therefore given

to the possibility of making use of a method for the evalustion of



neuro—integrative competence by examining featurés»of neurclogical
maturation which follow 2 known clest-cut development course in
normal children, and upon which the influence df particular cul-
tural experiences is relatively small.(Cravioto, 19703 Birch,
1970). However, more recent research (B?idger, 1970) has demon;
strated that.poor performance on tests .of iﬁﬁer—sensory integra-
tion is related to insbility to employ abstract verbal labels
rather then to perceptual.deficit (quoted by Klein, 1972 in dis- .
cussion). In spite Df disadvéntages, it seeﬁs that the conven-
tionél intelligence scale remains, at this stage; the most useful
fechnique of evaluation. The New South African Individual Scale,
although standzrdised on a White South African school-going popu-
lation'remained the most appropriate test for application in this
study, and its use prouided the additional advantage of making the
results of thé present study comperable with those of Stoch and
Smythe (1968) and with those of our previous study of kwashiorkor

rehabilitees and their siblings.

‘THE NEW SOUTH AFRICAN INDIVIDUAL SCALE (NATIONAL BUREAU OF

EDUCATICNAL AND SOCIAL RESEARCH, 1964)

This scale is éimilar in construction to the Wechsler Intel~
ligence Scale for Children (the Psyéhological Corporatidn, New
York, 1949). The battery comprises nine sub-tests, 5 of which

are verbal and 4 non-varbal, as follows:-

Vocabulary -~ multiple choice picture-type test using & totsl of

30 vocally presented stimulus words; the test thus requires a per-
ception and integration of an auditory stimulus with a visual sti-

mulus, but does not require a verbal response. The test is
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essentially & meesure of abstract verbzl labelling.

Comprehensian ~« ten guestions ;elating to'evefyday.life situa-
tiens and customs are presented vccally. Responses.ara scored

on 3 levels of qualitative differentiation of increasing'abstrab-
tion, and ere said to indicate 'judgement! cor 'commcn sense!
pérformanceiin which emotional and intellectual functions play

a part.

Verbal reasoning - a similarities test of abstract reassoning,

the first 2 items of which are in analogical form. Responsses
are scored according tc Rappaport's levels of.reasohiﬁg, viz.
concrete, functional, abstract. Performance on the fest dependé
on aﬁility to distinguish between‘essential and non-essential
similarities, to generalise, and to categorise.

Problems -~ 15 verbally presented (the first 8 presented vq;ally)
arithmetic problems, considered mainly a test of ability to con-
centrate.’ Succéssful performance is dependenf on tfaining, and
the score therefore reflects the level of school achievement.
mémorz - test of immediate recell of meaningful verbal material

presented vocally.

Patﬁern Compleﬁion - perfbrmance requires a free response in the
completion bf 16 partially completed‘designs; time may be taken
into account in scoring. Visusl orientation as wel; as ability
to concentrate is inﬁolved in performénce.

Block design - a Koh's type test which requires analytico-

synthetic ability and especially the ability to solve problems
in spatial relationships. Scoring may include a time factor.
Absurdities - similar to Wechslexr's Picture Completion sub-test

but containing incongruities as well as omissionse.
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Form Board ~ an adaptation of the Leske-Smith Form Board and
consisting of 6 figﬁres: 3 of 3, and 3 of 4 loose colouied pieces.
Scoring is based on time teken to complete each figure. The test
is-reéarded'as an indication of qualitatiﬁe aspects of.intelligence
and reflects the effect of temperament factors on the solution of
concrete problems. . _ .

The battery uses point scales, so that the same test'itgm can
be applied all the way throQgH to a8ll ags groupé, and the standard
‘devistion - IQ methoq réplaoes the mental age method. Peiformance
is indicated in terms of standard scores or normaliséd‘scales
SCOres. In the present investigation, "nower=-plus timet scores
were uséd throughout.

Because this test has not been standa;dised for the population
to which it was applied in this investigation, the termé 'verbal
qgotient', 'non=verbal quotient', and 'full scale cuotient!' are
replaced by the terms 'verbal score!, 'nonverbal score',_and
full écale intelligence score'!, Thesa 'scores' represent the
bhildis perforhance in terms of thé hite standardisation sample;
significance can only be attached to this score ih terﬁs of dif-
ferences between the scores obtained by the various groupé and the
scores cannat be interpreted.normatively in 'IQs! with referencé

to a particulsr population.

THE BEMDER GESTALT TEST (Bender, 1938)

-

This test,'céhsisting'of nine geometric figures presented one
at a time and which the subject is asked to copy on a blank sheet
of paper, was used originally as s visual-motor test by Bender wha

pointed out that the perception and the reproduction of the Gestalt
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figures is determined by biologicel principles of senscory-motor
acticn and varies according to a) the growth pattern and matura-

tional level of the individual, and b) his pathological state, -

either functionally or organically induced. The test remains one

of the standard and most frecuently used in clinicel practice with
both édults and children.

In the present investigqfion the administration and scoring
of the test was carried out éccording to the method of Koppitz .
(1964) who developed é deveiopmental scoring éystém standardised.
on a.population aged 5 - 10% yeafs} '<oppitz valideted the system
on a group of children aged 5 - 10 years with kﬁown brain injury
and showed that the test has some value in discriminating between
}brainninjufed' and 'non brain~injured’ children scoring at varibus
IQ levels on the WISC. A lack of correlation between.IQ and Bender
score in the 'brein-demaged' group was demonstréted{ In the 'on
brain—damagedi sémple significant correlations were found betmeep
thé WisC sub-test score and Bznder score on all except Informafion,
Comprehension? Similarities, and LCoding sub~tests. The Koppitz
Developmental Scoring System evéluates_the reproduction of each
deéign in terms of errors of integration, rotastion, distortion of
shepe and perseveraticn. The error score is then converted to a
visual perceptual developmental.age levél. |

In the presen£ study the age range of ‘the group extended beyond
the upperklimits of/the.original stendardisation sample, and the
rénge of error scores obtained extendéd beyond the iower iimits
of these obtzined in the originalvstandardisation sample. A smooth-

ed and extended error score curve was thergfore constructed using



Koppitz's original standardisation data (Koppitz, 1964). The
original Bender scores as reported in the normative data were
plotted. The plot points started at 5% years of age and went

to 104 years of age. From these points the smocthed curve was

~drawn to extend out towards'ZD years of age. The original Bender

standard deviations @s reported were included in the graph from
8 years of age to 103 years.of age and these staﬁdéid deviaticns
were likswise extrapolated in the smoothed curve to 20 yéars of
ége. The means and standard deviations resulting from this ex-
trapolation are reported in Table X (Appendix I11I). Ffor each

cﬁild scored on the Bender in the present study a Z score was

formed from his Bender score; the Z score being the difference

'between,his score and the mean on the extrapolated line divider!

by the extrapolated standard deviations. The Z scores were then

related to a curve built up from the distribution of the Student .

t to two degrees of freedom. The effect of this was to atﬁemht

‘to give the child a percentile rank. The ordinary use of the 2

score‘i.e. as related to the normal curve was not satisfactory
because a number of children had such high Z scores (of the order
of 5 and 7), that no area was left under the normal curve. vThe
percentile rank approached zero after a Z score of aﬁproximately
three. To aftempt to give a'meaningful perceptile rank to child=-
ren with high Z scores, the 2 scores were treatgd és thdugh they
were t scores with 2 degrees of freedom. Thus, for example, a

child with a sofcailed Z score of 4.3 had 'a percentile rank Of'

'5%. A graph was drawn -~ the points of t at 2 degrees of Fréedom

were taken ss 0.0, 1.0, 1.88, 2.92, 4.3, 6.86 and 9.92. The
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relative percentiles were tekem asg 506, 34, 20, 10, 5,v2-and 1.
The children's Z scores were then read onto the graph and their

percentile ranks were read off fram the graph.

THE HARRIS=-GOODENGUGH DRAWING TEST

This test was included for its vaiue in evaluating ‘intellec-
tual maturity' in contrast to the IQ nﬁtion_of unitary intelligence.
Hérris'é'concept of intellectual maturity includés the abilify to
form concepts of an. increasingly abstract nature. The process
of concept formation comprises three functional steps, viz.

1. The ability to perceive i.e. to discriminate likenesses
and differences;

2. The ability to absfract i.e. to classify objects according
to perceived likenessés and differences;

3. The ability to generalise i.e. tb assign a.newly expérienced
object to a correct.class, according to the discrimination
made.

A child's drewing of any object will reveél the discriminations

he has about that object as belonging to a class i.e. the level

of his conceptual maturity, and his concept of such a freguently
and universally experienced bbject as é human being provides an
index of a growing complexity of his concepts generslly, particu-
larly as it reqdi;es integration of affective and cognitive elé—
men£s. |

Thé child is asked to make the best pictﬁre he can of 1) a man
and 2) a woman, and the formal and structural elements of the
'drawings are scored on 3 levels viz. presence, dimensions, and

proportion. Raw scores are converted to stesndsrd scores for the
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age group 3 to S years taking accouﬁt of the sex'bf the child;
standard scores on both scales are averaged to derive 2 totel
drawing score. A vélidatibn study of this technigue using the
NSAIS was carried out on Uhite Soﬁth African school children by
Strumpfer and Mienie (1966). Reliability co-efficients of (.88
Fo; the llan Scale and 0.92 for the Woman Scele were obtained by
the split halves method. Lo, but statisticelly significant corre-
lations were found between the Harris scores anc the NSAIS sub-
test scores; the hicghest co-~efficients of .61 was obtained between
the man's scale and the verbal 1Q.

An attempt was made in the present study to assess the inter-
ference of emotional facfors in cpgnitiﬁe functioning by recording

the difference obtained by each child in the standard score on the

“man and the woman scales. In addition each drawing wss rated for

the presence of evidence of emotional disturbance on a 5 point
scale based on the conflict indicetors of Machover (1948) viz.
omissions of parts, excessive erasures, density of shading, trans-

parencies, and the presence of sexual organs.

PRCCEDURE

. Testing of the children was Eegun in August 1972 and continued
through fay 1873,
Conditions of the tesf situation were kept as copnstant as poss-
ible. - All testing was carried out in a suitably. furnished play room

at the Psychiatric 'Clinic, Red Cross War ffemorial Children's Hos-

© pital. Each child was tested individually by'the same examiner in

2 or 3 sessions not exceeding 45 minutes each. Test sessions were

interspersed by periods of free play of at leést 45 minutes duration
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in a well equipped playroame. No incentives were éuggested ar
offered before the completion of testing, but the majority of
children essumed on the basis of psst experisnce thét a rewafd
would be forthcoming on completion of the test pfogram. Refrash;
ments in the form of fruit juice cordials, milk, coffee; sand@iches,
’ biscuits and sweets were provided during the bfeak periods. All
test administration and scoriﬁg was carried out biindlye In no
case was the examiner sware of the group to which ény particular
child wes assigned until his final test scores had been calculéted.
The physical stature of these children is such that it isbdifficult
to estimate thgir age.

The 9 kwashiorkor children and their controls who were tested
during the previous investigation were recalled for the administra~
tion of the Bender‘Gesfalt Test, at which time the Harris-Goodenough
Test was repeated. O0Of these subjects 2 were_tested an a Safurday
afterncon in order tq avoid intefference with their employment;
for the rest all sessions uwere héld_in the morning. An averége'of
4 children were tested per morning, and with a few exceptions; these
were representatives of at least 2 diffefent families. The order.
in which the children were takenvinto the test room was determined
fandomly by tossing & coine

‘Standing height and body weight of each child wefe measured on
the day of testing. In addition thé heights and weights of the fed
children and their controls were available at an early age (during
dietary supplementation) and at a mia*term age (approximately 2
years after thevsesSatidn of distary supplementatioﬁ). Mid-ferm

and preéent héights and weights were available for the kwashiorkor
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group and their controls. The ﬁercentages of éxpected height
for age, and weight for age as at near comparable ages as possible
were calculated using the 50th percentile of the Boston Growth
Charts as standard.

A Multiple Social Index was available for each family_composed
of 4 facters as follows:
a) general environment and occupational .censity of living conditions;
b) economic status calculated wiﬁh reference to the Poverty Datﬁm

Lines |
c) diet judged by-meekly intake of key protein foods;
d) femily stability including illegi tamacy, alcoholiém,and alcohol~

related problems, cbnflicf with the law, and mafital breakdown.
The families had bgen rated in 1569, and fhe rafing reﬁresented a
mean for the families over the 10 year period 1959 - 1969. 1In
addition, income ratings as percentage of the Povefty Dstum Line
(where 100% represents thé Perrty'Datum Line, and 15C% represents
bthe effective minimum standard) w;re available on ea;h family at
5 year intervais viz. in 1959, 1964, and 1969. fhe 1964 fiqure
therefore_ref;ects the situation into which the feed-up control
éibling was born, whereas the 1969 figure provides some»indications_
of conditicns in the family during»the infancy of the feed-up child,
A relatibnship between the income rating and foéd availability within
“the family is assted; the incoﬁe fating also reflects the.degree
of social disorganisation as dependent om the presence or absence
of unempioyment and degree of stable employment.

Birth weights in the case of the fed group and their controls,

and the age on admission to hospital in the case of the kwashiorkor



group were recorded, ¢ also waes the number of siblings in the
family at precent, and the ordinal position in each family of

the 4 children included in the study.

HE ANALYSES OF VARIANCE (ANGYA's)

The data weré subjeaﬁed to anslysis of variance and multiple
comﬁérisons of means were computed. Both matched technigques
using lz.sets and unmatched techniqués using‘lA sets employed where
appronriate. This anomély was created By the deaths of two of the
sibling_control children; the psrticular technigue used wili be.
indicated by the degreés of frezdom. Eorrélation metricas Qere

also computed.

Two-way analyses; fliost of the two-way ahalyses computed uwere

Z-way ANOVA's with repested measurements on both factors tKirk,

1968). These are feferred t5 by Kifk as "randemised block factorie
designs". Where appropriate 2-way RNOVA'S with répeated measures on

a single f&ctor were used (Kirk, 1968: Chapt 7). Comparisons between
thé means of the various trestment levels were carried out using the
Scheffé multiple éompérison test. For comparisons of means cn the
N3AIS sub-test scores, Tukey's HSD tachnigue was used (Kirk, 1968;:
Chapt_S). In cases where significant interaction effects‘occurred
in the 2-way ANOVA's, simple main effects were calculated and their
means coﬁpared according to the technigues leid out by Kirk (19692
Chapt 7). |

" . Bne-way ansalyses: ihare appropriate one-~way ANCVA's with repesated

measurements were computed.
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CHAPTER 10

RESULTS

The raw data which were subjected to s;atiétical analysis
are presented in Appendix 1. A summary of results is given in
Tébles 1 and 2 and Figure 1.

The fesulfs obtained on each of tﬁe variables examined

were as follows:
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TABLE 1: MEANS AND STANDARD DEVIATIONS FOR THE FOUR GROUPS

: ANOVA
iSignificance - Kwash Sib K Sib F TFed
Age | o wn Mean  13.0  12.0 10.7 8.9
sd 1.9 2.1 1.0 0.5
Full Scale ' *k Mean  70.0  72.0 72.2 81.8
Intelligence Scorei = : sd - 13.5  14.6 13.0 13.0
Verbal ' Mean 74.3 75,0 70.8 81.3
| | 0.01>p>0.05 o4 16.1  17.3 13.9 14.0
Non-Verbal ' *ekk Mean 71.3 74.4  80.5 86.3
sd 8.8 9.2 11.2 .10.4
Harris ‘ NS Mean 81.3 83.7 75.1 81.0
sd 17.6 16.9 11.1 13.3
{Bender (PQ) - NS Mean 71.2 62.5 65.7 63.5
: sd 30.5 21.4 18.5 19.6
Bender (t' Scores) NS Mean 29.7 ° 28.2 18.7 17.6
’ sd. 22.2 20.5 18.8 17.6
*p<0.05
**p<0,01

*%%p<0,001



TABLE 2: SCHAFFE MULTIPLE COMPARISONS BETWEEN MEANS

*%%p<0.001.

Kwash Sib K Sib F Fed

Age |
Kwash NS k% L2
Sib K NS *%
Sib F *
Fed

Full Scale

Intelligence f
Score :

' Kwash NS NS ®%
Sib K NS *
Sib F NS
Fed g

Verbal
Kwash NS NS 0.05<p<0.10
Sib K NS NS
Sib F NS
Fed

Non—Verbal
Kwash NS % sekk
Sib K NS *
Sib F NS
Fed

*p<0.05
*%p<0.,01
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AGE 'VARIABLES

The ﬁean.age at tﬁe time of intellectual testing (NSAIS)
for each of the fbu: groups 1is shown in Table 3. The data
analysis.is presented in Tables 4 and 5. The fed group differed
significantly from the ofher.three groups. The kwashiorkor
~group did not differ significantly from its control group, nor
did the two control groups differ from each other. The
sigﬁificant difference between the fed group aﬁd its control group.
was an éssential feature of the experimental design, the
purpose being to ensure thaf the control child was too old
. to achieve a brain growth benefit from overflow of the dietary
supplemeﬁt provided to his younger sibling. o

The age of e;ch child at the time ofvthis investigation is
shown in Tabie 56 (Appéndix I). 1In the kwashiorkor group and
its control group the mean ages at present (Table 1) differed.
from the mean ages on intellectual teéting because some of the
subjects included were tested as part of an earlier project.

The present ége is the age at which all children performed'the'
Bender Gestalt and Harris Drawing Tests.

The ages of tﬁe.fed'contxol group at the.staft_of tﬁe]feed*up
project, and at termination of dietary supplementation are shown
in Table 56 (Appendix I). The mean age of the fed gontfol at
the start’of the pfoject was 21 months (1.8 years). |

With the exception of 3 cases, all the fed group of children

were brought into the project at birth. The three exceptions were



MEANS "AND STANDARD DEVIATIONS FOR THE

TABLE 3:
FOUR GROUPS ON AGE ON TESTING (NSAIS)
Kwash §ib K Sib F = Fed
‘Mean 13.0 . 12.0 10.7 8.9
Sd 1.9 2.1 1.0 0.5
TABLE 4: ANOVA SUMMARY TABLE
One-Way Analysis without repeated measures.
Means for the four groups on Age on Testing (NSAIS)
Sum of Mean o
Source .
. Squares Squares ratio
Between subjects 135.0 3 45,0 .. 190.0%%%
118.0 50 2.4

Within subjects

#**%% p <0.001

TABLE 5: MULTIPLE COMPARISONS BETWEEN MEANS OF AGE ON
TESTING (NSAIS)
Scheffe Multiple Comparisons
Degrees of freedom (3,50) in all cases
Kwash  Sib K Sib F Fed
Kwash - NS 5.1%% 19, 1%%*
Sib K - NS 9, 5%%
Sib F - 3.2%
Fed -
*p < 0.05
*%p < 0,01

*k%p < 0,001

.
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included in the project at tﬁe_ages of 6 months (éase 6), 10 months
(case 2), and 4 months (case 14).'>In all cases breast feeding had
beén adequately maintained up to the time of admission to the study.
Birth weights of the fed groﬁp children are shown in Table 56
"(Appendix I); in no case wés birth weight below 12.5 kg. The
duration of breast feeding of the fed group children is shown in
Table 56 (Appéndix I). The fortified cereal was introduced
_routinely in all Caées at the age of 2.5 months. The prbéram
ﬁerminated when the mean age of the fed group was 28;1.months

(2.3 years).

The age on admission to hospital for the members of the

kwashiorkor group are shown in Table 56 {Appendix I). The

meaian was Zi months. In terms of the divisioh used in the
previous study, the present k&ashiorko: group was predomin—

antl? 'late-onset', with only 2 cases being admitted to

hospital Eefore the age of 16 months. .The age range was
. 10 — 48 months, In the population under invéstigation the
age of 21 months represen£s the age of greatest vulnerability

to PCM, and the nutritional supplementation‘of the fed group
. extended for 7 months beyond this age. On the other hand the
fed control_group had reaChea this age of vuinerébility‘by
the time the feeding project was started. No significant
correlations between age on admission to hospitél and fﬁll scale,
 verbal, or non-verbal intelligence scores occurred in the

kwashiorkor and kwashiorkor control groups (Table 6).
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TABLE 6: CORRELATION COEFFICIENTS FOR NSAIS INTELLIGENCE SCORES
“AND AGE ON ADMISSION TO HOSPITAL

(df 11)
a 4
5]
o Mol
- 3 o
v o M & ) P
G Q @ .0 o o o
g P & o H H =
M g o o o g =
o ot paet | = /| é:
e . . &>
. - M M i i
“ “ & & 5 g &
e o B SE - 9o 8
F.S. IQ Kwash -
F.S. 1Q Sib K| .71%%* -
- [VERB.IQ Rwash| .97%*% ,70%% =
VERB.IQ Sib K| .74%% ,98%% JT2%% -
NON-VERB. IQ Kwash| .83%*% ,56% . 68%=x . 60%% -
NON-VERB. IQ Sib K| .57 = .92%% J59%* 83%% <40 C-
AGE ADM.HOSP. i .17 -.06 170 -.04 W17 =07 -
*p<0.05

*%p<0.01
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SOCTAL VARTABLES

Multiple Social Index

The Multiple Social Index (MSI) for each family is shown
in Table 56 (Apéendix'I). A significantly high correlation
(Appendix II, Table 67) between MSI and non-verbal intelligence '
score occurred in the kwashiorkor group only (x = .54,np<0.05).
Income
Income ratings (percentage of querty Datum Line)lqther‘

thén those included in the MSI are also shown. Thev1959

rating corresponds with the period of early childhood (0 - 3
years) of the kwasﬁiorkor group and its control group and the
fed-control group, whereas the 1964 fating assesses the

financial statﬁs of the family into whi;h the-fed group child

was born‘. Income is an important vafiable as it will partly
determine and,reflect food .availability in the family, ihe :
‘means show a déwnWard trend for the pericd 1959 (64.7%) to
19645(58.32), and this combined with avsteady increase in

family size suggests a detefioration iﬁ socio?economic and

.hence nutrifional conditions over this period. 1In this.respect‘
the risk of PCM was clearly higher for the fed group coﬁtrol child
than for tﬁe kwashiorkor control child, but maximal for the children'
of the fed group in these families.  The chances of succumbing to
acute fCM were great in both the fed and the fed contfol groups
withddf the intervention of the supflementary feeding program,
_which,réduced inter—current infection in the fed control group
by the concurrent superVision'and medical care. vfhe marked rise

in income to 88.5%Z in 1969 is probably a reflection of the
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éountry's general economic inflation, combinéd with the fact that
many of the older siblings were engaged in some form of gainful
'unskilled"eﬁployment by this time and were contriEuting to the
family income. 1In the combined fed and fed control groups
significant positive‘correlations occurred between Income and

Pattern Completion (r = .40,.p<0.05), and Block Design (r = .41,

p<0.05) sub-tests of the NSAIS (Table 71, Appendix II). The

difference in income between the fed group and control group did not

correlate significantly with group differences in .verbal, non-

verbal and full scale intelligence scores (Table 74, Appendix II).
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Position in Sibship

The ordinal position of each child in the sibship is shown
in Table 56, (Appendix I), together with the total number of |
chil&ren in the sibship at the time of the present investigation.
Position in sibship did not correlate with scores on the
intellectual tests in the kwashiorkor and fed groups (Table 7).
In 8 families one or more further births‘oécurred dufing the
period of dietary supplementation. The full supplement was
extended to all of these.new family mémbers, but they Qere not
included in the fed group sample. When an 'Index of Sibship'
(Tab1e157, Appendix I) was calculated for éach child taking into
account both position in sibship and size of sibship,
significantly high positive correlations (Table 66, Appendix-II)
occurred with full scale intelligence score (r = .29, p;O;OS),
non-verbal intelligénce score (r = .37,_p<Q.Ol); and the
arbitary 'Food Index' (r = .68, p<0.001). Thus the younger
children in the smaller families had the higher full scale and

non-verbal intelligence scores.



TABLE 7: CORRELATION COEFFICIENTS BETWEEN INTELLIGENCE

SCORES TFOR FED GROUP AND KWASHIORKOR GROUP AND

PROXIMITY IN SIBSHIP

125,

(df 12)
-
. . v
a.
&
g ° i
Kb e 1 &9 w
@ o ,‘(,’ o o o 2
g X & & = R ¥
o o M M %
o o art = g o4 o
= = . . & g &
N
4 4 2 B 2z 2 8
e P >' = A = frc
F.S. IQ Kwash -
F.S. IQ Fed .37 - v
VERB. IQ Kwash J97%% 42 -
VERB. IQ Fed .35 L98%% 42 - _
NON-VERB.IQ Xwash .82%% 13 b4%x L0 -
NON-VERB.IQ Fed 37 L96%% .39 L90%% 21 -
FED (POS)-KWASH (POS)| ~.10" .05, -.03 .06 -.27 .06 -
#p<0.05

*%p<0,01
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. Food Index

As an additional fechnique for exploring the data and for
educing meaningful correlations, an eﬁpirical '"Food Index' was
assigned to each group. The hypothetical values given were as
follows: |

Kwashiorkor group - 1
Kwashiorkor—control group -~ 1
Fed control group -2
Fed group. -5

These numerical values .were based entirely on assumptions
concerning the nutritional status of the groups during the first
21years.of life; and are not objectively verifiable. Nevertheless,
significantly high positive correlations occurred between 'Food
Index' and height at midterm (ﬁ-:-_Sl,‘p<0.0l) and weight at.
ﬁidterm stage (r = .46, p<0.01). Neither height nor weight at
present cérrelated significantly with 'Food Index'. (Table 66,
Appendix II).

Significantly high positiVe'cofrelations wefe also founa

hetween 'Food Index' and full scale intelligence score (r = .35,

.p<$0.01), and non—verbal score‘(f = ,55, p<0.01). 'Food Index'

also showed a significantly high positive correlation with the
Index of Sibship (r = .68, p<0.01). (Table 66, Appendix II).

In the combined fed and fed control groups (Table 71)

- the 'Food Index' showed significantly high positive correlations

with vocabulary (r = .40, p<0.05), and memory (r = .42, p<0.05)

- sub-tests of the NSAIS, The significantly high negative

correlations occurring between the 'Food Index' and age on testing,

age on starting and stopping must be regarded as artifacts.
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FULL SCALE INTELLIGENCE SCORE

The distribution of full scale.-intelligence scores over the
four groups is shown in Fig. 2.

Table 8 shows the means and standard deviations for the four

groups on the full scale scores on the NSAIS. The analysis

of the data is presented in Tables 9 and 10. The fed group

‘was significantly higher than the fed control group (p<0.05),

the kwashiorkor group (p<0.01) and the kwashiorkor4control,group
(p<0.05). No significant differences were found between the

kwashiorkor group.énd its control group, or between the two

. control groups, or between the kwashiorkor group and the fed

control group.
Correlations between the four groups on full scale
intelligence score are shown in Table 11. ‘The pattern is that of -

significantly high positive correlations occurring between all

groups except between the kwashiorkor group and the fed group.

Significantly high positive correlations were found
consistently in all groups between full scale intelligence score
and verbal (r = .96;,p<0,001) and non-verbal (r = .88, p<0.001)
scores (Tables 66, 67, 68, 69, 70, Appendix II).

Correlations between full scale intelligence score and other
variables are showﬂ in Tables 66 - 76 in Appendix II.

The full scale intelligence score did not Correlatg
significantly with ordinal position in sibship (Table 7) in the
kwashiorkor and fed groups, but a significantly high positive corre-

lation (r = .29, p<0.05) occurred with the 'Index of SibsShip' taking
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TABLE 8: MEANS AND STANDARD DEVIATIONS FOR THE
FOUR GROUPS ON FULL SCALE INTELLIGENCE SCORES
(NSAIS) :

Kwash Sib K Sib F Fed

‘Mean | 70.0 72.0 72.2 81.8
sd 13.5 4.6  13.0 13.7

"TABLE 9: ANOVA SUMMARY TABLE

One—-Way Analysis with repeated measurements

Mean Full Scale Intelligence Scores for the four groups

: Sums of Mean F
Source : - df .
Squares Squares _ratio
Between subjects| 6434.7 11 584.0
Within subjects | 2860.3 . 36 79.5
Full Scale
Intelligence 1013.0 3 1337.7 6.03%%
Score
Residual 1847.3 33 56.0
(error) v

#%p<0.01
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TABLE 10: MULTIPLE CCMPARISONS BETWEEN MEANS

Scheffe Multiple Comparisons

Mean Full Scale Intelligence Scores

‘Degrees of freedom (3,33) in all cases

Kwash Sib K Sib F ° Fed

Kwash - NS NS ° 5.0%%

Sib K o - NS 3.5%
Sib F : - 3.1%
Fed _ _ -
#*p<0.05
#*#%p<0.01

TABLE 11: CORRELATION COEFFICIENTS BETWEEN THE FOUR GROUPS ON
FULL SCALE INTELLIGENCE SCORE (NSAIS)

(df 13)
Kwash Sib K Sib F Ted
Kwash -
Sib K | .75% -
Sib F JT4% .78% -
Fed .40 .75 . 80% -

p = 0.05*
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account of family size. No significant corfelation occurred between
the intelligence score and the age on admission.to hospital in the
kwaehiorkor group.

In the kwéshiorkoﬁ group and in the fed control>grdup.the
intelligence score correlated significantly with the Bender
Gestalt test score (r = .54, p<0.05; r = .79, p<0.01).

In all groﬁps except the kwashiorkor group the intelligence
score showed a significantly high positive correlation with the
Harris Drawing Score (r = .73, p€0.01 for fed group; r = .56,

p<0.05 for fed control group; r = .65, p<0.01 for the kwashiorkor-—

control group).

Significantly high correlations eccurred between intelligence
score and the arbitary 'Food lndex' (r = .35, p = 0.01), and this
was substantiated by significantly high correlations between
intelligence score and mid-term weight (r = .32, p<0.05) and
between intelligence score and mid-term height (r = .33, p<0.05).
In the fed control group only, full scale-intelligence score
showed significantly high positive correlations with early height
(r = .57, p<0.05), and early weight (r = .64, p<0.0l). .(Table'76,
Appendix 11). | .

No eignificant correlations occurred between intelligence
score and - Age on testing,

—~ Age at start of the sepplementary feedlng prograﬁ,
- Age at the ‘end of feeding program,

— Duration of the supplementary feeding program,

- Ineéme,

~ Multiple Social Index.



132.

A significaﬁtly high_pbsitive correlation occurred Eetween
intelligence score and elapsed time from the end of the supple-
mentation period to the time of testing in the fed group only
(r =-.76, p<0.01).

These results indicate that Proposition I and Propoéition 4
_shéuld be accepted, whereas Proposition 2 and Proposition 3

must be rejected for overall intellectual'deveLOPmentalvlevel.
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VERBAL INTELLIGENCE SCORE

The means and standard deviations for the four groups

- on the Verbal sub—scale of the NSAIS are shoun in Table 12,

Figure 3 shows the distribution of the scores. The analysis
of the data are shown in Tables 13 and 14. The difference

between the fed group and the fed conirol group did not quite

reach statistical significance (p>0.05,>0.10). No significant

differences occurred between the kwaéhiorkor group and ité

control group, or between the two sibling-control groups, or

between the kwashiorkor group andvthe fed*control group.
Correlations between the four groups on verbél score are

shown in Table 15. The pattern of significantly high inter-

~ group correlations between all groups except between the fed
~group and the kwashidrkor group is identical to that found for

~ full scale intelligence score.

Significantly high positive correlations occurred between

. verbal and non-verbal scores (r = +72, p<0.001) and .between

- verbal and full scale intelligence scores (r = .96, p<0.001).

This similar correlations were found consistently in all groups

(see Appendix II).
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TABLE 12: MEANS AND STANDARD DEVIATIONS FOR THE

FOUR GROUPS ON VERBAL INTELLIGENCE SCORE

(NSAIS)

Kwash Sib K Fed
Mean 74.3 .0 - 81.3
Sd 16.1 .3

TABLE 13: ANOVA SUMMARY TABLE

One—Way Analysis with repeated measurements

135,

Means for the four groups on Verbal Score NSAIS)

Sums of . ' . Mean F
Source df .
Squares , Squares ratio
Between subjects| 7516.7 11 683.3
Within subjects 3598.0 36 99.9
Verbal Intell- 699.5 3 232.2 2.65
igence Score :
Residual 2898.5 33
(error) ,
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TABLE 14: MULTIPLE COMPARISONS BETWEEN MEANS
Scheffe Multiple Comparisons
Verbal Score (NSAIS)

Degrees of freedom (3,33) in all cases

Kwash Sib K Sib F  Fed

Kwash - NS ‘NS NS

Sib K - . NS NS
Sib F - 2.55%

Fed -

* 0.05<p<0.10

TABLE 15: CORRELATION COEFFICIENTS BETWEEN THE
FOUR GROUPS ON VERPAL SCORE (NSAIS)

(af 13)

Kwash Sib K Sib T Fed

Kwash -
Sib K VA -
Sib F .66% .63% -
- Fed YA . 70% 64% -

p = 0.05%
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Correlations between verbal score and other variables are
shown in Appendix II.

In the fed-control group a‘highly significant correlation
-occurred between the verbal score and the tiﬁe elapsed between
the end of the supplementation .period and thé time of testing
(x = .74, p<0.01). 1In this group also, verbal score éorfelated
with early height (r =-;57;,p<0.05), and early Wéight.(r 2 .66,
p<0.01). (Table 76, Appendix II). -

No significant correlations occurred between verbél score and:

-~ 'Age on testing,
— Age at start of the feeding prdgram,i
=~ Age at termination of the feeding program,
-~ Duration of feeding program,
— Food Index,
- Income,
- Multible Social Index,
- Midftefmvweight andAheight.'

In the kwashiorko: group, .verbal écore did ndt correlate
significantlvaithvage on admission to hosbital.

These results indicate that Proposition I should be accepted
whereas Proposition 2 aﬁd Proposition 3 must be rejectéd for

. .verbal score.
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NON-VERBAL INTELLIGENCE SCORE

The means and standard deyiations for the four groups on
the non—verbal sub-scale of the NSAIS are presented shown in
Table 16. Figure 4 shows the distribution of the.scores.

The analysis of data is presented in Tables 17 and 18. No

. signifiéant differences occurred between thévfed group and the

~ fed—control group, or between the kwashiorkor group and the

kwashiorkor—control group. The fed group was significantly
higher than the kwashiorkor group (p<0.001) and significaﬁtly

higﬁer than the kwashiorkorvcontroi‘group (p<0.01) on non—

.verbal score. The kwashiorkor group was significantly lower than

the .fed—control group (p<0.01). -

Inter—group correlations for the four groups on non~verbal

-scores are shown in Table 19. Although the correlations

‘betiwween the kwashiorkor group and the two control groups do not

quite reach statistical significance, the pattern is essentially
the same as that found for full scale and .verbal intélligente

scores. Tﬁe correlations of ..51 and .52 are still of the order’

. expected for siblings, and the low correlation of .23 between

the kwashiorkor group and thé.fed group is contrary to expectation
for siblings. |

Significantly high positive correlations were found congistently
in all groups for nén‘verbal and yerbal (r = .72, p<0.001) and full

scale intelligence scores (r = .88, p<0.001). (See Appendix II).
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TABLE 16: MEANS AND STANDARD DEVIATIONS FOR THE»
FOUR GROUPS ON NON-VERBAL INTELLIGENCE SCORE

(NSAIS)

Kwash Sib K Sib F  Fed

Mean 71.3 74
Sd 8.8 9.

TABLE 17: ANOVA SUMMARY TABLE -

One-Way Analysis with repeated measurements

Means for the four groups on Non—-Verbal Score (NSAIS)

Sums of .Mean F
. Source . df - ]
Squares : Squares ratio
Between subjects 2972.2 11 » 270.2
Within subjects 12965.7 36 82.4
Non-Verbal 1594.7 3 531.6 12.79%%%
Intelligence Score :
Residual 1 13711 33 4.4
(error) v




TABLE 18: MULTIPLE COMPARISONS BETWEEN MEANS

Scheffe Multiple Cemparisons

Non-Verbal Score (NSAIS)

Degrees of freedom (3,33) in all cases

Kwash Sib K Sib F Ted

Kwash - NS = 5.0%% 10, 8**%
Sib K o - : NS 7.0%%
Sib F - NS
Fed | ' -
*p<0.05
#*p<0.01
*%*%p<0,001

TABLE 19: CORRELATION COEFFICIENTS BETWEEN THE FOUR
- GROUPS ON NON-VERBAL SCORE (NSAIS)

(df 13)

Kwash Sib K Sib F Fed

Kwash -

Sib K .51 -

Sib ¥ .52 .65% - :
Fed . 23 W 12% .81% -

-p = 0.,05%
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Correlations between non-verbal intelligence score and-the
other Qariables are tabulated in Appendix II.

In tﬁe kwashiorkor group, a significaﬁtlyihigh positive
correlation was found betweeﬁ non—verbal écore and Bender
Gestalt Test.score (r = .57, p<0.05). When the fed group and the
fed-control group'wefe combined this positive correlation was also
_significantly'high (r = .43, p<0.05).

Non—verbal score correlated positively at a sigﬁificantly
high level with the Harris Drawing Score in the fed group tr = .73,
p<0.01) and in the kwashiorkor-control group (r = .77,.p<0.01). Tﬁe
correlation was also pdsitive at significant level when the groups.
were combined (r = .47, p<0.01).

A siggificantly-high_positive correlation occurred between
non-verbal score and the empirical 'Food Index' (r = .55, p = 0.01).
Non-verbal score also show significantly ﬁigh,positive correlations
with_mid;term weigﬁt (r = .37, ps0.05), and mid—term height (r = ,39,
p<0.05). 1In the fed~control group, weight at present showed a
significantly high positive correlation witﬁ,nonvverbal scoré kr = ,57,
.p<0.05). 1In this group the elapsed time.ﬂetweén the end of the
supplementation and testing showed a sigqificantly-high,bositive
correlation witﬁ non—verbal score (r = .64, p<0.05).

In the kwashiorkor group, Multiplé'Social Index correlated
at a significantly high positive .level with non-verbal score
(£ = .54, p<0.05).

In the>kwasﬁiorkor group no signifiéant correlation occurred

. between age on admission to hospital and non-verbal . score.’
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No significant correlations occurred between non-—verbal
intelligence score and:

- Age on testing,

J

Age at start of supplementation,

J

Age at termination of the feeding program,

- Duration of supplementation,

— Income.
! These results indicate that the requirements for the
acceptance of Proposition I and Proéosition 2 and Proposition 4
are satisfied in part for non-verbal intelligence score.

Proposition 3 must be rejected.
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NSATIS SUB~TESTS

The mean scaled scores for each of the four groups on eaqh
of the nine NSAIS sub-tests are shown in Table 20.  The analysis
is presented in Table 21. The main effect of group assignment
(p<0.0015 and NSAIS sub—tests (p<0.001) waé significant, and the
inter—action was significant (p<0.01) Simple main effecté are
shown in Table 22. Group effects were Significaht for
Voéabulary, Verbal Reasoning, Pattern Completion and Form Board

sub—tests. The effect of sub—test was significant on all four

~ groups.

Tables 23 to 26 show multiple comparisons between the sub—

‘test means within each group.

significantly high differences within the four groups occur
most frequently between Vocabulary, Comprehension, Verbal Reasoning,

Pattern Completion, Block Design, and Form Board sub-tests.



TABLE 20: MEANS FOR THE FOUR GROUPS ON THE

NINE NSAIS SUB-TESTS

Kwash

Sib K Sib F - F
Vocabulary 7.34 7.81 4,58 7.08
Comprehension 6.91 6.41 6.83 8.33
Verbal Reasoning - 8.00 . 7.66 8.58 10.67
Arith., Problems 6.08 7.34 6.67 7.92
Memory 5.16 4.75 4,17 5.25
Pattern Completion| 5.33 = 6.00 7.08 9.08
Block Design 6.58 6.50 8.25 9.17
Absurdities 6.50 1 6.00 5.67 6.33
Form Board 5.92 7.58 8.50 8.25

- TABLE 21: ANOVA SUMMARY TABLE

‘Two-Way Analysis with repeated measurements

Means for the four groups on NSAIS sub-tests

145,

Mean B

*%%p< 0,001

Source Sum of df
Squares Squares
Between subjects
Subj. within group 947.8 11
. Within subjects
A: Group of child 165.5 3 55.2 14, 6%%%
B: NSAIS sub-test 444.2 8 55.5 14, 7%%
Ax B 244.0 24 10.2 2.7%%
B x subj. within Group | 1463.0 385 3.8 :
**p< 0.01



146,

TABLE 22: ANOVA SIMPLE MAIN EFFECTS SUMMARY TABLEv-
(Anaiysis,taken from Table 21)

S‘ Sum of af Mean F
ource Squares. Squares = . ratio
Group at Vocabulary 75.7 3 25.2 6. 7%%
- Group at Comprehension 25.0 3 - 8.4 2.27
Group at Verbal Reason. 65.2 3 21.7 5.7%%
‘Group at Arith. Problems| 22.8 3 7.6 2.0
Group at Memory 8.8 3 2.9 0.8
Group at Patt. Comp. 96.7 3 32.2 8,5%%
Group at Block Des. 61.4 3 20.5 . S.4%%
Group at Absurdities 4.9 3 1.6 0.4 -
Group at Form Board 48.7 3 16.2 4,3%%
Sub-test for Kwash - 80.7 8 10.1 2.7%%
Sub-test for Sib K 99.6 8 12.4 3.3%%
Sub-test for Sib F 255.9 8 32.0 _ 8.5%%
Sub-test for Fed 252.1 8 31.5 8.3%%
385
%p < 0.05

x%p < 0.01



TABLE 23: MULTIPLE COMPARISONS BETWEEN MEANS FOR
- KWASHIORKOR GROUP ON NSAIS SUB-TESTS

TUKEY HSD

Degrees of freedom (9,385) in all cases

147,

Mem- Patt. Form Arith. Absurd- Block Compre- Vocab-

*#%p<0.01

" Verbal

ory - Compl. Board Probs. 1ities Des. hension ulary Reas.
Memory - . ' . , ? *
Patt. Compl. : - -k
Form Board _ - - , ?
Arith, Probs. ' -
Absurdities ' - : -
Block Des. -
Compreh. ' _ _ -
Vocabulary : _ . ' -
Verbal Reas. -

*p<0.05
TABLE 24: MULTIPLE CONPARISONS BETWEEN MEANS FOR
KWASHIORKOR CONTROL GROUP ON NSAIS SUB~TESTS
' TUKEY "HSD
Degrees of freedom (9,385) in all cases

Mem~— Patt. Absurd- Compre- Block Arith. Form Verbal Vocab-

ory Compl. 1ities  hension Des. Probs. Board Reas. ulary
Memory . - ) v * % * *%
Patt.Compl. Co= ) ?
Absurdities - ‘
Compreh. ' -

* Block Des. -
Arith. Probs. ' ' : -
Form Board . . ‘ - .
Verbal Reas., ) _ o -
Vocabulary -
*p<0.05
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TABLE 25: MULTIPLE COMPARISONS BETWEEN MEANS FOR
‘"THE FED GROUP ON NSAIS SUB-TESTS

TUKEY HSD

Degrees of freedom (9,385) in all cases

 Mem- Vocab- Absurd- Arith. Compre- Patt. Block Fbrm Verbal =

ory ulary ities Probs. hension Compl. Des. Board Reas.
Memory - o * *%k *k *k ®% K%
Absurdities - o %% %k
Vocabulary - -k
Arith.Probs . - ‘ *
Form Board ' - ' ' S :
Compr. ' o -
Patt.Compl. ) -
Block Des. : o -
Verbal Reas.. ' : ' : -
%p<0.05
*%p<0.01
TABLE 26: MULTIPLE COMPARISONS BETWEEN MEANS FOR
THE FED CONTROL GROUP ON NSAIS SUB-TESTS
TUKEY HSD .
Degrees of freedom (9,385) in all cases
Mem- Vocab- Absurd- Arith. Compre- Patt. Block  Form Verbal
ory ulary ities  Probs. hension Compl. . Des. Board Reas.
Memory - * * *% k% kk kK
Vocabulary » - * *% F% *%
Absurdities - * * k%
Arith.Probs. ' - .
Comprehension _ ‘ o
Patt.Compl. ' _ _ : ' - .
Block Des. A _ -
Form Board B -
Verbal Reas., ‘ -
*p<0.05

&

4,

% p<0,01



means of the four groups on Vocabulary, Comprehension, Verbal

Reasoning, Pattern Completion, Block Design and Form Board

sub~tests. The mean sub—test scores are plotted in Figure 5

and may be summarised as follows:

1)

2)

3)

4)

©5)

The fed group showed a significantly.higher score than
each of the other three groups on Verbal Reasoning and
Pattern Completion'sub%tests. The same trend was shown
in Compréhension, but the greatest difference (between
fed group and kwasﬁiorkorrcontrol'grouf) did not quite
reach étatistical significance.

On Vocabulary the kwashiorkor—coﬁtrol group was
significanﬁly‘below each of the other three groups.

On the Form Board the kwashiorkor group was significantly
lower than both the fed.and fed—control groups, but the
difference bétween kwashiorkor group and kwashiorkor—
control group was not quite significant although the
trend was similar.

On Block Design the fed group had a significantly higher

score than both the kwashiorkor and kwashiorkor control

~groups. The difference between the two control groups was

' not quite statistically significant.

Arithmetic Problems, Memory and the Absurdities sub-tests

'did not discriminate between the four groups.
"In order to examine the sub—test scatter the standard

.deviations obtained for each group are shown im Table 28. No

significant differences in sub—test scatter were found between

the groups. -

149.

. Table 27 shows the significance of difference between the
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TABLE 27: MULTIPLE COMPARISONS BETWEEN MEANS FOR NSAIS
' SUB-TESTS ON THE FOUR GROUPS

TUKEY HSD

(Degrees of freedom 4,385 in all cases)

VOCABULARY SF F SK K
SF k% k& k%
F —
SK _
K —
COMPREHENSION SK SF K F
sk| - 9
SF -
K -
¥ -
VERBAL REASONING . SK K SF F
’ X%
SK - ;‘::‘:
K - k%
*p<0,05
#*%p<0.01

Continued on pg. 151.
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TABLE 27: MULTIPLE COMPARISONS BETWEEN MEANS FOR NSAIS
: SUB-TESTS ON THE FOUR GROUPS

TUKEY HSD

(Degrees of freedom 4,385 in all cases)

PATTERN COMPLETION ‘ K SK SF F
K - ? %
SK - 33
SF - %
F _
BLOCK DESICN ‘ SK K SF F
SK - ?
K - %%
SF - &%
F -
'FORM_BOARD | K SK F SF
K - ? * %%
g SK -
; F -
SF R -
*p<0.05

#*%p<0.01



152,

TABLE 28: GRAND STANDARD DEVIATIONS ON NSAIS
' SUB-TEST SCORES FOR THE FOUR GROUPS

Kwash Sib K Sib F Fed

PR NURPESSpE ST
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Correlations between the NSAIS sub—test scores and other
variables'are.shown ian5b1es jl,_72 and 73 (Appendix IT).
'Food Inde%' showed- a significaﬁtly high positive correlation
with both Vocabulary (r = .40, p<0.005) and Pattern Combletion
(r = .42, p<0.005). |
Dufation of feeding showed a significantly higﬁ positive
: correlation with Arithmetic Problems (r = .56, p<0.0l), Memory
(r = .54, p<0.01), Verbal Reasoning’(r = .48, p<0.05) and
L . Absurdities (r =.43, p<0.05).
! : Income showed a significantly high positive correlation with
Pattern Completion (r = .40, p<0.05) and Bloék Design (r = .41, p<0.05).
The length of time between termiﬁation of suppleméntation

- ' and testing showed a significantly high positive correlation with

fv Arithmetic Problems (r = .44, p<0.05). Significantly high positive
correlations occurred between the age at wﬁicﬁ,féeding started and
Pattern Cémpletion (; = .60,,p$0;01), Form Board.(?‘= .50,p<0.01),
and Block Design (x = <46, ps0.05). Negative correlations of a
significantly high level occurred between the.age at termination
of supplementation and Arithmetic Problens (r = =0.39, p<0.05),
and Pattern COmpletion = +O.45,:p<0.05)f.

Significgntly higﬁ.negative Correlations‘aISo-occurred-

‘between all of the verbal sub~tests and tﬁe verbal/non-verbal

discrepancy (Table 71, Appendix II).
In the fed group only a significantly high positive correlation
occurred between Comprehension and age on.testing (x = .58, p<0.05),

and duration of feeding (r = .54,:ps0.05).
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+ In the fed control group the length of elapsed time
between termination of feeding and testing showed significantly '
high positive correlations with Vocabulary (f = ,82, p<0.01);
Comprehension (r = .70, P<0,01), Arithmetic Problems (r = .68,
p<0.05), Memory (r = .63, p<0.05), and Pattern Completion (r = .58,

.p<0.05).
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HARRIS DRAWING TEST -

Table 29 shows the means and standard deviations for the
four groups on the Harris revision of the Goodenough Draw-a-Man

Test. Table 30 shows the analysis of data. No significant

differences were found in the means between the four groups.

The inter—group correlations on Harris Score are shown in

Table 31. Significantly high.positive correlations occurred

‘between the fed control group and both the fed group (r = .34,

.p<0.05) and the kwashiorkor group (r = .49, p<0.05).

Co~efficients of correlation between Harris Score and

.other variables are shown in Tables 66 to 73 in Appendix II.

_ Harris Score did not correlate at a Significantly high

level with the Index of Sibship.

Significantly high positive correlations occurred between

Harris Score and full scale intelligence scorei(f'=3;54,.

~ p<0.01), Verbal Score (r = ..50, p<0.01),_non*vefbal.Score‘(r-ﬂ 47,

p<0.01) and the Bender Gestalt Test (r =..50, p<0.0l), in the

kwdShiorkor group these significantly-ﬁigh correlations did not
occur, and in the fed control group Harris Score did nof correlate .
significanﬁly with.verbal and non*verbél scores.

In the.fe&'control'group Hérris Score correlated.at a
significantly ﬁigh.level with Verbal Reasoning (r = .59, p<0.05),
and Arithmetic Problems (r = .60, $<0.05). In the fed group

Harris Score correlated significantly with Vocabulary (r = .66,

.p<s0.01) and Comprehension (r = .74, p<0.0l1), and Absurdities

(¥ = .75, p = 0.01).



TABLE 29%:

MEANS AND STANDARE DEVIATIONS FOR THE

‘FOUR GROUPS ON HARRIS DRAWING SCORE

Kwash Sib K Sib F Fed
Mean 81.3 83.7 75.1 81.0
Sd 17.6 16.9 11.1 13.3
TABLE 30: ANOVA SUMMARY TABLE
One-Way Analysis with repeated measures
Means for the four groups on Harris Drawing Score
Source Sum of af Mean F.
Squares Squares  ‘ratio
Between subjects 4973.4 11 452,1 *
Within subjects 5366.5 36 149.1
Harris , '
. ' 488.1 3 162.7 NS
Drawing Scale ) :
Residual 4878.4 33 147.8
(error)
TABLE 31: CORRELATION COEFFICIENTS BETWEEN THE FOUR
GROUPS ON HARRIS DRAWING SCORE
' df 10)
Kwash Sib K Sibv F Fed
Kwash -
Sib K | .41 -
Sib F L49% .19 -
Fed .19 .32 - .54% -

*p<0.05
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When fed and fed control groups were combined additional
significantly high positive correlations occurred with Memory
(r = .44, p<0.05). |
In the fed grouﬁ Harris Score showed sighificéntlysﬁigh
positive correlations with:. |
- Age on testing (r = .66, pQ0.0l),
— Duration of feeding (r = .78,.p<0.01),
- .Age'at start of feeding (r = .60, p<0.05),
‘ o -~ Age at.terminatioﬁ of feeding (r = .68, p<0.01).
These significant correlations did not occur in thevfed;
‘ control group or when the two groups were combined.
The means for the four groups on thé Machover rating
- ' are shown in Table 32. Table 33 shows the mean discrepancy
between Man and Woman scales of the Harris Drawing Test for
each of the four groups. No significant differences were
found between the groupé on the Machover rating or on the
discrepancy betwéen Man and'WOman_Scales, and these variables did
not show significant correlations with the ﬁultiple»Social index,
or with total Harfis Score.
; : ~ The Harris Drawing Test had been_administered prgyiously
; to nine of the kwashiorkor ;ubjects and their nine controls as
: : part of an earlier investigation. The means and standard
i : deviations on Harris Score for thése kwashiorkor subjects and -
‘their controls in'1968‘ahd 1973 are compared in Table 34.
"Table 35 presents the analysis of data: no signifiéant differences

were found between mean scores in 1968 and 1973.



|

TABLE 32: MEANS AND STANDARD DEVIATIONS'FOR'THE FOUR

GROUPS ON MACHOVER RATING

Kwash Sib K Sib F Fed

Mean 0.
Sd 0

TABLE 33: MEANS AND STANDARD DEVIATIONS FOR THE FOUR

GROUPS . ON MAN-WOMAN SCALE DISCREPANCY

(Accounting for direction of difference)

Kwash Sib K Sib F- Fed

Mean -
Sd

~N
.
~N oy
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TABLE 34; MEANS AND STANDARD DEVIATIONS FOR KWASHIORKOR
' " 'SUBJECTS "AND THEIR CONTROLS ON HARRIS DRAWING
TEST IN 1968 AND 1973
(N = 9 pairs) '
Kwash(N=9) SibK(N=9)
1968 1973 1968 1973
~ Mean 80.4 85.0 83.8 88.3
sd 11.9 18.5 10.8 15.8
TABLE 35: ANOVA SUMMARY TABLE
Two-Way Analysis with repeated measurements
Harris Drawing Scores in Kwashiorkor subjects
and their controls in 1968 and 1973
Sums of Mean F
Source : s
- - Squares Squares ratio
~Between subjects:
A: Kwash at Sib K. 103.3 1 103.3
Error B 2024.9 16 314.1
.Within subjects:
B: 1968/1973 182.2 1 182.2 NS
A X B 0.0 1 0.0 '
Error 16 110.4

160.
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" BENDER GESTALT TEST

The means and standaxrd deviations.for the four gfoups
on Perceptual Quotient are showﬁ'in Table 36. The analysis
is presented in Table 37. No effects were found to bé'sig—
nificant. Inter-grogp correiation co—efficienté are'shown.in
Table 38. The fed group showed a significangly high positive
correlation with both the fed control group (r = .60; p<0.05),
and the kwashiorkor cbntrol.group (x =4r55,‘p<0.055.
The means and‘standard<deviations.on the Bender ¢t .scores
(See Appendix III) afe shown for the four groups in Table’39;
Tﬁe analysis is presented'iﬁ Table 4Oﬁ Noveffects.were found
to .be significént.b Inter—group cofﬁelation coeefficients
are.shown'in Table 41. The fed group correlated positivelylwith
tﬁe.fedbcontroi group at a significantly high level (r = .63,
p <0.05). | |
” Co—efficients of correlation for the Bender Gestalt .Test
witﬁ,otﬁer variables are shown'in Appehdix 11, Tables 66 to 73.
Significantly high positive correlations occﬁrred.ﬁitﬁ,fuilﬁ

scale intelligence score (r = .36, p<0.01), Verbal Score (r = .38,

p<0.01), and Harris Drawing Score (r =..50, p<0.0l). These

correlations did not occur in the fed group.

When the fed and fed control group were combined the Bender

Gestalt Test showed significantly high positive correlations with

,fu11~sca1é intelligence score (x =..535,p<0.01),.Verba1 Score

(f = .54, p<0.0l), Non-Verbal score (r = .43, p<0.05),

Comprehension (r = .51,p<0.01), Arithmetic Problems (r = .61,

.p<0.01); and Memory (r = .62, p<0.01).

These correlations did not occur in the fed group.
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v

TABLE 36: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON BENDER GESTALT TEST (PERCEPTUAL QUOTIENT)

Kwash Sib X Sib F Fed
Mean 71.2 62.5 ©65.7 63.5

sd 30.5 21.4 18.5 - 19.6

TABLE 37: ANOVA SUMMARY TABLE

One-Way Analysis with repeated measurements

Means for the four groups on Bender Gestalt
Test (Perceptual Quotient)’ '

Sum of Mean F

Source Squares df Squares ratio
‘Between subjects | 10596 11 963.3
Within subjects 13253 36 368.1

Bender Gestalt Test

(Perceptual Quatient) 550.5 .3 183.5 NS
Residual 12702.5 33 384.9
{error)

TABLE 38: CORRELATION COEFFICIENTS BETWEEN THE FOUR
GROUPS ON PERCEPTUAL QUOTIENT (BENDER GESTALT TEST)

(df 10)

Kwash Sib K Sib F  Fed

Kwash -
Sib K .13 -
Sib F 34 .37 -

Fed -.0 .55% . 60% -
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TABLE 39: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON BENDER GESTALT TEST (t' SCORES)

‘Kwash  Sib K Sib F  Fed

Mean - 29.7 28.2 18.7 17.6
Sd 22.2 20.5° 18.8 . 17.6

TABLE 40: ANOVA SUMMARY TABLE

One-Way Analysis with repeated measurements

Means on Bender Gestalt Test for the four groups

Sum of : Mean - F
Source df .
Squares Squares ratio
Between subjects ' 8223.2 11 747.5
Within subjects 10516.7 36 ©292.1

Bender Gestalt Test 1418.1 3 . 472.7 NS,

(t'=Score)
Residual 9098.7 ‘ 33 275.7
(error) ' , .

TABLE 41; CORRELATION COEFFICIENTS BETWEEN THE FOUR
' GROUPS ON BENDER GESTALT TEST (t' Score)

(df 10)
Kwash Sib K Sib F  Fed
Kwash -
Sib K “'07 . e ’
Sib F .23 A7 -
Fed 17 .51 L63%% -

p = 0.05%



164,
HEIGHT

Thé height of each child expressed as percentage of normal
expected height for age is shown in Table 59 in Appendix T,
together with the age at which thé measurements were taken. Heights
were recorded at as near és»possible comparable ages within each
family at two points in time called mid-term an& present. Where
possible tﬁe'mid-term heights were taken within 2 years following
the termination of dietary suppleméntation. Early height in the
fed and fed control groups was recordedvapproximately half-way -
through the supplémentation program.

The means for the four groups on mid-term aﬁd present
height are shown in Table 42. The analysis of the data are °
presentéd in Table 43. Significant effecés on groubs,.measurements
and inter—action were found to be significant. Table 44lshows the
simple main effeéts. Multiple comparisons between means are shown
in Table 45 and Figure 6.

| The results indicate that the fed group chiidren,were signif—

icaﬁtly.taller than the members of the other three groups at mid—

 term stage. At present stage there was no significant difference in

height between the four groups, the kwashiorkor group and both. the

control groups having caﬁght*up with the fed group. The kwashiorkor

group and both control groups showed a significant increase in height

from mid-term to present stages.

Table 46 shows the mean heights in the fed and fed control

‘A groups at three developmental levels. The analysis of the data

is presented in Table 47. Significant group, stage of measurement,
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TABLE 42: MEANS FOR THE FOUR GRCUPS ON HEIGHT AT
MIDTERM AND PRESENT AGES (Z normal for Age)
Kwash Sib XK  Sib F Fed
Midterm| 82.5 81.9 84.7 90.3
Present | 90.4 90.5 89.7 90.5
TABLE 43: -ANOVA SUMMARY TABLE
' Two-Way Analysis with repeated measurements
Means on height at midterm and present ages
for the four groups ' '
Source - Sum of af Mean 'F.
: Squares Squares. . ratio
Between Subjects
Subj. within Groups 999.6 11
Within subjects
A: Group 196.8 3 65.6 5L 4%k
B: Stages of 694.9 65.7%%%
Measurement 694'8 L 91.8 7 . 5%%
Ax B 275.5 .3 12.3
B x subj. within Groups|943.4 77




ANOVA SIMPLE MAIN EFFECT
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TABLE 44: $ ON HEIGHT
SUMMARY TABLE :
(Analysis taken from Table 43)
Source Sum ?f df Mean F.
Squares Squares . ratio
Group at midterm 465.9 3 155.3 12, 7%%
Group at present 6.3 3 2.1 0.17
Kwash at stage meas'd 378.4 1 378.4 30.9%*
Sib K at stage meas'd 442.9 1 442,9 - 36.2%%
Sib F at stage meas'd 149.0 1 149.0 12, 2%%
Fed at stage meas'd 0.03 1 0.03 .0.002
**p< 0,01

*%p<0,01

TABLE 45: MULTIPLE COMPARISONS BETWEEN MEANS ON MIDTERM
’ AND PRESENT HEIGHT
TUKEY HSD
(Data extended from Analysis Table 43)
Midterm |Kwash Sib K Sib F  Fed
Kwash - . NS NS Kk
Sib K el NS *%
Sib F : - *
Fed -
Present
Kwash - NS NS NS
Sib K - NS NS
Sib F - ‘NS
Fed -
#p<0,05
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TABLE 46: MEANS FOR FED AND FED CONTROL GROUPS ON
: HEIGHT AT THREE STAGES (% normal for ‘Age)

Early 86.2 91.8
" Midterm 84.7 90.3
Present 89.7 90.5

"TABLE 47: ANOVA SUMMARY TABLE

Two-Way Analysis with repeated measurements

Mean Early, Midterm and Present height for Fed
and Fed control. groups

S Sum of df Mean F
ource. ' Squares Squares - ratio
Between subjects
Subj. within Groups 552,1 10
Within subjects
A: Group 260.7 1 260.7  33.0%%%
B: Stage of Measurement | 68.6 2 34.3 4,3%
A x B 75.3 2 37.3 C4,.8%
B x subjs. within Groups| 394.7 50 7.9 '
*p<0.05

. %x%p<0.001
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TABLE 48: ANOVA SIMPLE MAIN EFFECTS
SUMMARY TABLE

Mean Early, Midterm and Present height for Fed and
Fed control groups

(Analysis taken from Table 47)

Sum of Mean F
Source df .
Squares Squares ratio
Group at Early stage 168.0 1 168.0 21.3%%
Group at Midterm 163.0 1 163.0 20 ,7%%
Group at Present 4.9 1 4.9 0.6
Stage meas'd for Fed 13.2 2 6.6 0.8
- Stage meas’d for Sib F| 130.8 2 65.4 8.3%
*p<0.05

*%p<0.01
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and inter—action effects were found. ANOVA simele main effects
are shown in Table‘48. Multiple comparisons of the means

were computed and ;evealed significant differences between

the two groﬁps at early and mid-term levels. The difference
between the groeps.in height at present.stege ﬁas not
significant.

Ihe means for the feu: groups et the selected developmeetal
stages are sho%n graphically in Figure 6. The results suggest
that the growth of the fed control‘Child did not benefit
signifidahtly.from any overflow of food from the fed child.

Correlation co—efficients between height at the three
developmental,levels.and other variables are shown in Tables
66 to 70 in Appendi# II. Mid-term height showed significantly

high positive correlations with:

f

Mid-term weight (r = .77, p<0.0l),
-~ Index of Sihship (r = .38, p<0.05),
—~ _Full scale intelligehce score ( r = .33 p<0.05),
- Noh—verbal'intelligence score (r =e.39;'p<0.05).
Several significantly-high,positife corfelations‘occurred
between height and weight which are irrelevanf to the present
investigation.

In the fed control group only, significantiy high positive

correlations occurred between early height and verbal score
(r =..57, p<0.05), and between early height and full scale

. intelligence score (r = .57, p<0.05). (Table 76, Appendix II).
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 WEIGHT

The weight of each child (expressed as percentage of normal
expected weight for age) is shown in Table 59 in AppendixAI,
together with the age at which the measurements were made. These

were recorded at as near as possible comparable ages within each

family at two points in time called mid-term and present. Whenever

‘possible the mid-term weights were taken within 2 years following

the end of thelp:ogram of dietary supplementation. - In the fed and
fed control groups, early.weight was recorded approximately half;way
through the supplementatién program.

: The means for the four groups on mid-term and present weight
are shown in Table 49. The analysis of the data are presented in
Table 50. Significant effects were found for both groups and
inter-action . ANOVA simple main effects are shown in Table 51.°

Multiple comparisons between means (Tukey HSD) were computed on

‘data extended from Table 50 and are shown in Téble 52 and Figure 7.

The results indicate that whilst the fed group children

weighed significantly more at the end of the supplementary nutritional

program than the children of the other three groups, this advantage
was not maintained for long after supplementation of diet ceased.

The fed children are at present not superior in weight to their

unfed siblings.

The mean weights in the fed and fed control groups at three

.developmental stages are éhown'in_Table 53. The analysis of data

is presented in Table 54. Significant group and inter~action

. effects were found. ANOVA simple main effects are shown in Table 55.
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TABLE 49: MEANS FOR THE FOUR GROUPS ON WEIGHT AT
‘MIDTERM AND PRESENT AGES (Znormal for Age)

Kwash Sib K Sib F Fed

Midterm| . 75.4 71.6  77.0 86.2
Present 76.5 75.3 78.2 ,78‘5

TABLE 50: ANOVA SUMMARY TABLE

Two—Way Analysis with repeated medsurements

Midterm and Present weights in the four groups

Source. Sum of df ‘ Mean F«
: Squares Squares ratio

Between subjects

Subjs. within Gfbups 5611.3 11

Within subjects

A: Group , 1011..8 3 337.3 6.0
B: Stage of measurement 5 1 ' 5 0.9 .

AxB 454.6 3 151.5 2.7%
B x subjs. within Grps.| 4291.5 33

55.7

- ¥%p<0.05
¢+ %*%p<0,01



TABLE 51: ANOVA STMPLE MAIN EFFECTS ON WEIGHT

SUMMARY TABLE

(Analysis taken from Table 50)

172,

g Sum of df Mean F.

ource Squares Squares ratio
Groups at Midterm 1386.6 3 462,2 8.3=%
Groups at Present 79.7 3 . 26.6 0.48
Kwash at stage meas'd 7.9 1 7.9 0.14
Sib K at stage meas'd 81.4 1 81.4 1.5
Sib F at stage meas'd 8.3 1 8.3 0.15
Fed at stage meas'd 361.9 1 361.9 6.5

*p<0.05.

TABLE 52: MULTIPLE COMPARISONS BETWEEN MEANS

ON MIDTERM AND PRESENT WEIGHT

(Data extended from Analysis Table 50)

TUKEY HSD

Midterm | Kwash Sib K Sib F . Fed
Kwash - - NS NS *%
Sib K - NS *%
Sib F - *%
Fed -
Present

Kwash - NS NS NS
Sib K - NS NS
Sib F - NS
Fed -

*%p<0.01
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Multiple comparisons of the means were computed and showed
significant differences between the two groups at early (p<0.0l) and

mid-term stages (p<0.0l). 1In the fed group, present weight was

significantly 1ewer than mid-term weight (p<0.01). In the fed contfol

- group mid-term weight was significantly higher than early weight

(p<0.01). These results indicate that the fed control child gained
some immediate benefit'fxom the dietary supplementation of the fed
child as long as the supplemenfation continued, but not sufficient
to allow him te catch—up to the fed child. (It should be noted
that all groups fall below the 3rd percentile at present).. The
means for the fou:-groups at the three developmental stages are
represented graphically in Figure 7.

Correlation co-efficients for the four groups on weight at
the three developmental stages are shown in Appendix II, Tables 66

to 70. Mid-term weight showed significantly high positive

-correlations with:

il

~ Full scale intelligenee score (r = .32, p<0.05),

i

— Non~verbal intelligence score'(r ';37,2P<0.05),
~ Index of Sibship (r = .30, p<0.05).

Several significantly high positive correlations occurfed
between weight and height which are not.pegardedlas.relevant to
this investigation.

| In the fed control group>on1y early weight showed

significantly high positive correlations with verbal score

(r = .66, p<0.0l), and with full scale intelligence score (xr = .64,

p<s0.01). (Table 76, Appendix II).



TABLE 53: MEANS FOR FED AND FED~SIBLING GROUPS ON

WEIGHT AT THREE STAGES (Znormal for Age)

Fed Sib F
Early 86.0 72.0
Midterm 85.7 77.4
Present 79.6 77.9

TABLE 54: ANOVA SUMMARY TABLE

Two-Way Analysis with repeated measurements

Mean Early, Midterm and Present weight for Fed

and Fed-Sibling groups

174,

Mean F

#%%p<0,001

S Sums of df
ource Squares _ Squares ratio
Between subjects
Subjs. within Groups 2271.4 10
Within subjects
A: Group 1057.8 1 1057.8 25 . 0%k
B: Stage of Measurement 104.6 2 52.3 1.2
Ax B 419.9 2 209.9 5.0%%
- B x subjs. within Grps. 210.5 50 42,2 ’ :
*%p<0.01
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TABLE 55: ANOVA SIMPLE MAIN EFFECTS

SUMMARY TABLE

(Analysis taken from Table 5¢4)

175.

**p<0.01

Sum of Mean F
Source ;
Squares Squares ratio
"Group at Early stage 1079.4 1079.4 25.6%%
Group at Midterm 383.1 383.1 9.1%
Group at Present 15.2 15.2 0.4
Stage meas'd for Fed 293.8 146.9 - 3.5
Stage meas'd for Sib F 230.8 115.4 2.7
*p<0.05
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PO LR e Y

DISCUSSION AND COHCLUSION

The results of this study confirm the centrai hypothesiss
the fed group waé significantly superior on full-scale intelli-
gence score to each of the other three groups (Table 10).
whilgt it is recognised thzt an ‘IQ"does not_descriﬁe everythihg
about an individual's intzllectual or cognitive fﬂnctioning, it
remains the most frequently used compbsite in@ex of the intellecw~
tual stztus cf én individusl or a group. Where individual, end
eepecially group differences are the subjeﬁt of investigation,
the assessment ofvintelligence by the use of standard IQ tests
is the most ef?icient procedgre. The results show that ezrly
dietary supplementation significantly increased intelligence

test scores of children cver and above that of their siblings

whose life~history had been characterised by chranic melnutrition

with or without an acute episode of nutritional discase (PCH).
The physical data on thsse children provide evidence of the fact

that the nutritional status of the fed children was significantly

~superior to that of-their giblings for at least the first 3 years

of life (Tables 48 end55 ). No significant difference in expected

weight cr height for sge occurred between the child who succumbed

to acute PCM when compared with his chronically maanUrished

siblings (Figures 6 and 7).

A more detailed discussion of the intelligence test scores -

is facilitated by separate consiceration of each of the two

experimental groups compared with its own control group. fiean

intelligence scores for the fed grdup and their control group are



shoun gfephically in Figure B. The differehce b;tween the full-
scale intelligence score mgans was significently high iﬁ favour
of the fed group. The.differeﬁceVbetween-the means on verbal
score did not quite reach statist;cal signifipance, but the tfend
shown suggests that this difference was Hecrly s0. However the
méan difference in non-verbsl score between these twovgraups was

not significantly different (Tablel18 ). This suggests that mal-

~nutrition early 'in infancy has its strongmst sffect on verbal

rather than_non-verbal'ékills, .This finding is in accordance

miﬁh the consistent results obtaihed by several other studies
since the observation was first made by Waterlow éhd co-workers in
1960 that, on ghe Gesell Scale malﬁourished children shoyed a
relatively.greater deficit on the langqage sub-scale than on

the other sub-scales when domparad with normal children (Waterlow,

. Cravioto and Stephen, 1960). Both fed and fed control groups

received the same amount of environmental stimulstion coincidental

to the fecd-up program, end the ssme degree of medical care. The

non—significant.difference between the tuwo Qroups in non-verbal
score can be attributed to this. stimulstion which was cgmmoh to
both groups. However the fed Qroup was significantly superior
to its control group in early nutritional status (Figufes 6 and 7),
and the elevation of verbal score ih the fed group may thus be |
attribufed to thé nutritiaonsl advantage.

When the kwashiorkor group is éompared with its sibling control
group, no significant differences are noted bstween mean full-scele,
verbal, or non—ﬁerbal scores (Tables 10, 14 and 18). This indicates

that an episode of scute PCH had no particular detrimental effect
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on the intellectual functioning of a group of chronically.mal~
nourished children., That the garly nutritional status of these
two grouns of children was equivalent is demonstreted by the
pércentage of expécted yeight and height fér age shown in'Fngres
6 and 7. It should be noted thst the kweshiorker group and its
control group wcre coﬁparable in height and weight. for ege with
the sibling control gfoup of the fed children at mid—ferm age
level; the fed children differed significantly in weight and
height from each of the other three greoups until some time after
terminatién of . supplementary feeding.

When the four groups of chilcren cre compared with each othef,
Figure 8 illustrates that gach pair of experimental and control

groups snow a distinct trend in the pattern of their intelligence

scores. Because of the smzll size of the sawple, these differences

in trend must be bohsidered as importent differences which may

show highef statisticsl significant in lsrger samples of the popu-
lations, Superibrity of the fed group in mean full scale intel-
ligence scores gver each of the other three grouns mas'statistipally

significant on Scheffé multiple comparisons (Table 10). This.find~.

ing is in accordance with expectation, and can be attributed to the

significent superiority of the fed group in early nutritional status

when compared with the other three groups (Figures 6 asnd 7). The
non-verbal scores show a similar trend, but show relatively larger,

differences betueen the fed control group compared with the kwashior-

kor and kwashiorkor control groups.
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The compérison éf the means fdr the four grougs on non~verbal -
intelligence score (Table 18) indicates thet the fed group was
significantly higher than both the kwashiorkor group and the
kwashiorkor contrml’groupf The fed control group however. was
also significantly supefior to the kwashiorkorvgroub.‘ This
finding suggests that whilét nutritienal fectors were important,
a sighificant contribution to the elevation onthe non-verbal
score was made by the general social improveméht which coincided
with the dietary Supplementation, tnogether with improved medical.
care. It seems plausible that both the fed group aﬁd its control
group were less frequently immobilised on account of illness and
infection than were the kwashiorkor and its centrol grﬁup. This

finding would lend some support to thz suggestion thet loss of

‘flearning time! on account of chronic ill-hezlth makes a significant

contribution to the functional reterdation of the chronically mal-

nourished chilcd. It should be noted that the mean weight of the

‘fed control group increased significantly during the feed-up period

(Figure 7), although 2t mid-term it remeined significantly below

that of the fed group. Thé findings suggest that whilstrincreasedv/

environmental stimulation and improved social conditions brings

about é significant'increase in mn-varbsl skills, early nutrition

appears to provice an added beneficial effgct} ?%.\q‘
| A deviation in tﬁe trend of patterning of intelligence scores

of the four groups on the verbsl sﬁore was contfary to expectation.

In verbal intelligence sﬁore fhe méans for the kwaeshiorker group and

its control group took up an intermediate peosition between theifed

group and its control group (Figure 8). The problem posed was wﬁy



the trend fcr full-scasle and non-verbsl scales in which the kwyash-

iorkor and kweshiorkor control groups hed scored bzlow the fed
group and its control group, was not consistent also ﬁn the verbal
scele. Both in terms of the underlying postulates being examined,
and in terms of the results on full-scale znd ncn-verbal scale,
the fed-controlvgroup should be expected to score &t a Higher
rather than lower léVel when compared with the kwashiorkor and
kwashiorkor controcl groups. The poésibility that the high.verbal
score in the fed group is & reflection of an improved mothgr/child
reiationéﬁip from birtH wes considéred, hut the fact tHat verbal
score did not co:relate sighificantly with age of onset of stimuf
lation for the combined groups (Table 71), points against this
éxplanation. In the total sample-ﬁeight end weight st mid-term
and the arbitary food index showed significently high correlations
with both full—écale and non-verbal scores, but not with verbsl
score (Table 66). This suggested that the verhel scores were in-
fluenced by some other factor. A significantly high‘pbsitive

correlation occurring in the ccmbined fed and fed control groups ?

- -~

betwsen verlial score and the elapsed time between terminstion of
the supplementation progrem and testing suggested that a time fac-

tor may bé involved. In terms of this it could be préposed that

the verbzl score of the kwashiorkor group and its control group

had been.hoosted above that of the fed contrﬁl'group'by a rglatiue—
ly longer period of school experience.

Support for the argument that the mezsn Vérbal scores in the
kwashiorkor and kmashiorkor cbntroi groups were boosted by a longer

duration of school experience may be seen in their significantly
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higher mean age at the-time of testing (Table 5 ). The majority

of these childrén elso had progressed beyond the'sub—standards

in school at the time‘of'testiﬁg, by which time also they had about
6 years of attendance at school. On the other hand the majority

of children in the fed group and its control group were at sub-
standard school level at the.time of tésting, and had Dnly 2 years
of scholasstic experience ét the time.of testing. - It shoul& be |
stressed that the seaverity of deprivation by Uestern étandards in
this population is such that even minimzl school attendance re-
presents major cognitive stimulatian. The power cof school attend-

ance is thus relstively for greater in this sample as environmental

stimulation than it is for the average middle class child. The

ability of environmental factors to compensate in even severe and
acute malnutrition is suggested in the results of our previous
stuﬁy.(Evans et al., 1971). At the ten-year follow-up, children

with an earlier dnéet*of kwashiorkor end their sibling:controls

. showed significantly higher verbal and full-scale intelligence

scores when compared with late-onset kwashiorkor subjects and their
siblings. (The differences held for both the subjects and their

sibling cohtfols). In the present study the kwashiorkor group wes

@ predominantly 'late-onset' sample: the early-onset sample in the

previous sthy achieved a verbsl level even higher than that of the
present fed gfaup.' It seems appa:ent that the intervention of acti
rehabilitstion of even rudimentary proportions mey pfomote an ap-
preciable csmpeﬁsatory effect. The implicstion appsars to be that
early adversity of short duratipﬁ was mare subcessfully overpomé

than prolonged (later) adversity. The present results suggest that

181
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the Qérbal deficit in the kwashiorkor group and‘'its control group
has at lescst partially been compensated for by 6 years of schoﬁlingo
If this 'catch-up! phenomenon is operating, it is anficipated.that
the fed control group (which at present ranks lowest on verba;
score) will prbgress to st least the level of the kwashiorkor ;nd
kwashiorkor control groups. On this bzasis it also seems reascnable
to assume that the difference between fhé fed group and the fea.
control‘groub might haQe beer gfeater st an earlier age than at

present. Alternatively, the fed group may maintain its advantege,

v,and_these,proposals will need to ke re-tested in about 3 years

time.

A review by Clarke (1958) and the observations of Kagaﬁ
(1972) have demonstrated that the éffects_qf-stimulus deprivation
and restriction in infancy are by no means permanent or immutable.
The effects of esrly experience, positive or negative, will fade
unless théy are.feinforced._ In a recent preliminzary report.of en
on-going study of rshsbilitation qf malnourished children in 8eirut,
a relatively stimulating environment increased the QQ'of children

compared with those rehsbiliteted in a conventional hospital en-

‘vironment (Yaktin and ficLaren, 1970; 1971). Of all the sub-scales

meaéurcd the least improvement occcurred in spéech and language
functions{ The gains however were not méinteined after the children
returned to their usuzl home environment. These findings are par=-
ticularly relevant to the present study because df tﬁe reversalvof
the independent variebles in the Beirut study both grogps recelived
equivalent nutriticnal reﬁabilifation but omly the experimental

was egposed to additiqnal environmentsl stimulation. In contrest
the fed and fed control groups in the present stuéy receivedlequi—

valent environmentsl stimulcotion but only the experimental group



recelved additional nutritionsl supplementation. The Beirut

results confirm our findings in thaf in both studies enviroﬁmental
stimulotion elevatad the non-verbsl scores. The relative lack of
speech and language in the Beirut study contrasts sharply with the
mark verbel elevation in the present study. If we discount the
nutritionsl factor, the circuhstantial evidence suggests that sarly
stimulation and medical bare have a beneficiasl effect on non-uarbal
functions, whereas latér.stimulation has 2 more selectively positive
effect on verbal funbtiqns.

In Contradictioﬁ it could be argued that the fed group's.
increment in verbal score is due to s closer mother/child intér~
action at an eérliér age. .Be this as it may , it is also reeson-
ably likely that this improved pelationship was determined at least
in part by the child. As Rutter and co-authors: (1964) point out,
environmentsl influences afe to some extent shapsd and modified

by the child. The mothers frequently commented during the feeding

_program on the differences in alertness and brightness.between the

fed infant_and'their'other childreﬁ. Even allowing for substantial
Hawthdrne effect and the possibility of the mother feeding back the
appropriate éxpéctations to the investigator it seems reasonable
to postulate that the fed child was less disabled by apafhy, and
therefore more able to contribute to the moﬁhgr/child feed~back
cycle. Even if thecbserved improvesenti in vcrbal scores is accbun-
ted for on.a bcsis,ofvstimulation or szcondery interpersonal goins,
this was still partly dependent on nutritionsl improvemént, énd
the benefits cén therefore be qttributed to nutritiohal factors

indirectly, if not directly.



As an alternative it cculd be suggested that thevnon«Verbal
and, more especially, the verbal scores of the fed control gTaoup
have undergone a more fapid 'fading' process than iﬁ the fed group.
Again, howesver, it would seem to be a. reascnable assumptidn that
better nutrition in'the fed group promoted & stabilising effect.

lhatever the interpretation, it seems clesr that the children of

the fed group .gained an appreciable 'head-start! over their under-

nourished siblings.

Significantly high positive correlations in a matrix combin~
ing the fed grﬁQp and the sibling cbntrol group (Table 71) betuween
an arbitr;ry food index essigned to eaéh group end the score attaine-
ed by each child on the Vocabulsry aﬁd Pattern Completion sub-tests,
and almost significant Comprehension and Verbal Reasoning sub-tests,
suggest that conbeptual reasoning and learning {lLevel II) as opposed®
to assccictive leerning (Level I)'may indeed be relsted to_nutfitioh~

al factors. Thié.would suggest that nutrition plays a role in

-Jensen's finding thet these tws levels of functioning are relsted

to socio-~egconomic status rathér than to genetic factors. That
nutritionzl factors may be important in determining functioﬁal '
Levels I and iI has important releﬁance to Jensen's belief that
different neural strgctureé undefly fhese two different functional
levels. Perhaps the full significancé of nutritional factors has
been overlooked by Jensen.

In spite of the qualifativé functional differences described
in termé of these two levels, in thé present study no significant
intef-group differences were found in degree of sub-test scatter,

to_be the most reliable index of 'brain damage' (Tabie 28),



The absence of a significantly high sub-test scatter (as indicated

by standerd deviation of sub-test scores) in any of the four groups,
together wi th the findings that the four groups did not differ

significantly con the Bender Gestalt Test indicates that the ab-

.served intelligence score differences does not support t'Brain

damage' as the underlying factor in these differences. However
a high standard devistion on Bender Gestalt test écoreslin the
kwashiorkor grdup mﬁst be noted (Table 36), suggesting a higher
veriability in ﬁerceptual motor functioning within this group-
when compared withlthe other three groups, in spite of the féct
that this group had a signifiéantly higher mean aée.

The application of the treditional verbal/non-verbal dichdtomy
to the sample of children used in this study is probabiy of limited
validity and reliability. A number of the sub-tests included in
the NSAIS ére unsuitable in concent for this socio~-cultural popu-

lation, and their use was therefore inappropriste. It was decided

"however not to omit the more culturce-bound tests. The . applicaticn

ot these tests to this group was justified, firstly, in order to.

allow for comperison of the rasults with those obtasined by Stdch'

and Smythe (1968) on a different samﬁle of undernourished and con-
trol children end secondly, so as not to interfere with the inter«
nal structufe of the Scale. The mean differehces’between the
groups on each sub-test (Table 27) incicate that the more depen=
dent a sub-test is ‘on socio-culturael or scholastic experience,

the less it discriminates between the four groups. Thus equivalent

scores with no significent inter~-group differsnces were found on

Arithmetic, Memory, Absurdities, end Form Board sub-tests.

18
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Jensen (1969) observed cifferences in lesrning snd problsm solving
ability in chilcren related to socio-economic status. On tests
involving agsagcistive leerning ability (Level 1), children from

low and middle- sccio-cconcmic groups perform egually well, and

_
g

nerformance is independent of IQ. However in taeks involving

conceptual la:rning'and problem-solving ability (Level II), large
social cless differences show up: the children 5? middle socio-
gconomic group show a sighificantly higher lesvel of performance.
Bearing this in mind it is striking thst the fed group in this
Study showed signi?icantly'higher scores on all of the sub~tests
involving conceptusl learning or problem-golving sbility when
corpared with its control group, viz. Vocabula:y; Verbal Reason-
ing snd Pettern Complction. Figure.Q presents the meéns for the
four groups on the nine NSAIS sub;tests when placed in rank order
according tao ths degree of abstraction required. The tendency is
zlso present inléhe Comprehension sub=test which is lesé aﬁstract'
and'more concrete‘than the Verbal Reasoning‘and Pettern Completion
sub-tests. The Pattern Completion sub—teét was the only non-verbal
sub~test which discriminat:d between fed and control groups: it is
tHe only non-verbal sub-test in which the'child is required to con-
tribute something which he is not given. Availability of cues is
reduced aend it therefore differs considerably in the degree of ab-
straction required from the Block Design sub-test in which all the

elements required for the correct solution are provided in concrete

form, and have -only to beé manipulated correctly. The same applies

to the Form Board sub-test which, in addition includes a temperament

factor on an inhibition-impulsivenszss continuum. On this sub-test
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the fed group and both the sibling control groups performed at a
comparable level sc that the kwashiorkof group ‘s performénce.was
significantly lower. The kwashidrkor control group had an inter-
mediete position, snd the trend in this sub-test parsllels that

found for the totsl non-verbal scores (Figures 8 and 9). A study

child's performance on the Block Design, Picture Completion, and
Maze sub-tests of the WISC was related to his earlier social be-
haviour on four clusters:- physical.cbntact with adults, seeking
atfention from adults, oral behaviscur, and sustained involvement
in a pley sequence with objects. Children who éought physical
contact and attenticon did poorly on the performance tests, while

the childien who displayed sustained involvement with the toys dia
well on the performance fests. Children @ho.soughb nshysical contact
were more liksly to Qse relstions) (i.e. Level. I, associetive) con-

cepts of s sorting test, whereas the subjects who became more in-

" valved in play showed a preferred use of categoricazl (i.e, Level 11,

conceptual) concepts. In the preseﬁt study thé'Block Besign sub-test
also reflects a pattern of the means for the total non-verbal 8COTes;
thé fed grcup differed significantly from both the kwasshiorkor group
and the kmashiorkor‘coﬁtrol group, and the tmoxcontrol groups show-
ed an almost significant difference (Table 27 ).

A report on a study of malnutrition and reasﬁning ability in
Zémbian school-children has just comz to hand (fisher et'al., 1972).
The achors compargd the performsnce of 74 children who had been
malnourishéd during thé first 2 yesrs of life with 143 contyol

children on two non-verbal tests of general reasoning ability.
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Although the authors do not provide any statisticzl anzlysis,
their graphs show clesr-cut differences between the two groups
on both tests. 1t appesrs from the graphs thst the differences

only become apparent after the age of 12 - 13 years, a finding

which probably can be explained by the ontogenetic deveiopmenﬁal

seguence of reasoning ability from concrete (Level.I) to abstract
(lLevel II). The results of this study on Zambian children to-
gether with thes results of the present study on Cape Coloured

children are in accordance with witkop's-(1967) expectation that

the type of inctellectual retardation found in mzlnourished chil-

dren may have specific identifisble features similer to the mental
reterdation resulting from,pheﬁylketonurié and histidinemia,‘and
suggests a promising avenue for new research as well as re-enalysis
of previous findings.

The analysis of the sub-test scores in the present study in
terms of abstract versus‘associative functicns helps to interprete
the apparent inconsistencies in the sub~scele scores when it is
recognised that abstract-~conceptusl functions contribute far more
strengly to the so-called 'verbzl! score thanitz the 'nbh-verbalf
score.

The lack of significant diffefences between the four groups
on mean Harris drawing score suggssts that‘the differences-between
the four groups in intellectual fuhctioning is a quantitative réther_
than a qualitative one. Both correlation drawing scoresvoccurréd
between the fed control gréup and the other three groups, and this

finding combined with the finding thet in the fed control group'fhe

‘Harris score did not correlate at a significantly high level with
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‘verbal and non-verbal intelligence scores suggeété a possibility
that this group could show a grester degree of emctional distur-
bance than the 6£her three groups. Homevér this.postulate is not
vborne out by the rafings of flachover conflict indicatérs, the
means of which showed no significant differences for the Fbur
groups. These findings are contréry to those found in the previous
study in which a significantly lower Hafris scoreiin the kwashior-
kor Qroup was associated witﬁ a greater degree of emotionéi inter-
ference in cogniéive functioning in the kwashiorkor.group éGmpared
with its sibling control group.

The findings on fhe Bender'ﬁestalt and Herris Draming Tests
are in agreement with Dobbing's (1872, 1972a) aésertioﬁ that the
effects of melnutrition during the vulnerable'ﬁeriod of Erain grouth
~are qualitstively different frém the results of tissue destruction

or of the focal brein lesions femiliar to the paedietric neurclogist.
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the results of this study have extended fram the results of the

previous study on the effect of malnutriticn on intellectusl devel-

‘opment in the Cape Coloured population. By combining these studies

¥l

rezter clarity of interpretation of the findings of both has been

w

achieved. The results can also be meaningfully related to work

in othsr parts of the world dezling with the development of intei~
ligence and specificaelly with the influence of thritional_andv
other environmental veriables on intellectual devglopment.

The resulis indicate that malnutrition Has a'sigﬁificant 9/
detriméntal effect on intellectual development. There appears to
be a specific effect on theemergence of higher order, abstract-
conceptuzl learning and reasoning processes in contrast to lower
orcder, associative processes. It is possible that functional
alterations in biochemicsl or enzymatic processes mey provide the
mediz ting link between the nutrition2l deprivetion aznd the cogni-
tive deficit. Although the effect of earlyvenvironmental'stimu—
latién on -intellectual development cannot be excluded in this study,

the results indicate thst nutrition per sg has a significant effect

on intellectusl development. [edical supervision and social super-

vision hOmevér are also important factors, the effect of which was
amplified by improved nutrition. It seems rgasdnable to conclude
ﬁhat adeqguate nutrition during thé first tuwo years of 1life enabled
the children in this study to Fulfil to a8 grester degree ﬁhe_func—
tional intellectual developmental level set byvtheir genatic endouw-
m;nt.' Although the adverse effects of éarly nutritiohal deﬁrivaticn
tended to be at least partially Compensated for in time, and school

experience promoted some 'catch-up! in intellectual development,
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the chronicelly melnourished children remsined inferior to their

O

fod siblings at the zge of testingj this, in spite of the fact

that subszquent poor nutrition s csused the fed children to lose

their substantial early gein in physical development. The intellec-
tual 'head-start! given them by adecuate eszrly nutrition has been
maintzined, even though they are at present no different physically

from their siblings.

A
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TABLE 57

INDEX OF SIBSHIP

Fam. No. KWASH SIB S1B FED
1 -9 -7 -1 +3

2 -1 -3 +9 +11
3 +4 +2 +16 +18
4 - -6 +6 +8
5 -4 ¢ =2 +2 +4
6 -6 -4 +2 +4
7 +1 +3 +5 +7

8 -3 -5 +1 +3
S -2 0 +4 +6
10 -1 +1 +7 49
11 +3 +5 +3 {41l
12 +5 +7 +13 +15
13 -3 g - S} +9
14 C -5 -7 - +3




TABLE 58

INCOmME

(% Poverty Datum Line)

1964

B rERy o adpiey

Fam. No. 1959 1969
1 0 65 P 65
2 49 26 : 54
3 51 75 106
4 40 35. 110
5 32 33 48
6 101 : 0 55
7 53 ' 66 ; 53
8 144 ; 52 : 57
9 110 : 92 92

10 % 47 . 54 139
11 82 ? 69 79
12 33 § 49 ; 71
13 66 | 112 t 233
14 i 98 : - 83 ; 57

Le4.7 . 583 i T88.5
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PHYSTICAL DATA
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11 K 23 76.2 ¢ 83.9 184 { £0.1 | 93.3
5 23 79.0 | 85.1 162 i BO0.4 | 98.2
51 16 74.4 | 85.9 23 81.1 ! 80.5 121 4 8l.4 | 86.1
Fl.20 91.8 | 90.5 20 § 91.8!90.5 99} 93,3 {91.6
17 K 41 1 6344 § 74.5 185 | 69.4 | 87.7
s 39 69.5 § 81.8 154 1 76.9 | 88.9
: s| 13 75.0 | B88.3 42 79.7 1 86.4 119 | 73.2 1 86.2
1 Fi 15 §7.9 | 89.4 43 83.1 187.4 107 { 66.8 | 82.0
13 K 34 78.6 { 81.3 185 § 74.4 | 89.2
S - - - L= - -
51 31 82.4 § 89.2 31 82.4 }89.2 148 % 86.6 |94.6
| F! 27 11314.3 % 92.9 27 1114.3 $192.9 102 8 81.7 187.0
14 Ki 41 41 62.1 $75.8 177 1 77.3 186.3
: 5 i 41 97.8 198.4 153 | 94.0 1§98.5
G i = - - - - - - - -
| F r 42 95.8 §88.5 110 ¢ 77.9 1§ 86.6
| -
z




TABLE 60

INTELLIGENCE SCORES

{NSAIS -~ 1Q)

J PO AP T SUPIPVERPUCPRUAPE TR P SR T el

;ﬁg: VERBAL IQ NON-VERBAL 1Q FULL SCALE Ig
K SK SF F K SK SF F - K SK SF F
: 1 P
11 58 61 71 93 55 65 Bl 92 . £52 61 73 92
2 , 75 76 65 81 72 88 78 85, 71 60 66 8l
3 0 83 72 71 91 65 71 83 eal i 76 68 74 68
4 ! e4 54 61 S4 71 63 58 71 i 63 S6 55 57
5 | 72 74 51 68 76 65 80 71 \ 71 87 60 66
6 |52 82 57 86 . 6776 €1 94 , S4 77 64 €8
71 75 75 67 85 . 64 76 80 68i - 67 73 69 85
8. . 74 82 91 95 . 76 78 85 95! 72 78 87 95
9 ' 91 82 72 82 ' 80 80 87 95, . B4 79 76 87
10 ! 110 116 102 99 | © 90 90106 102° 1102 105 104 101
11 | 60 47 67 60 1 69 57 69 72! 60 46 64 61
12 L7179 74 82 . i 71 74 78 83 68 74 73 81
13 | 62 - 69 86 | P74 - 72 97 64 - 68 90
% 0 63 57 - 76 | | 76 60 - _Blé 69 54 . - 76
; ] i
i : .



TABLE 61
S5UB-TESTS

NSAIS

&~

. . O NN DN T N DD NN AN AT NN D
DMQDHm ® o ® ¢ e ° s e e e & ® s e * e e e & & e s v s < s e ]
HH NNN®NHANDNNN NN NN NH N NNN AN N A
*Qdg wWHod el S T < W Te e N SV C N Vo U N N DO NTOND AN~ T
par e , —~ — — -~ A
*Qdnsay MOWNMT OO ©O T O T T DN 894345555m.463.
6373078 : = :
DOHOUOG AL OGO MO~ FTORNOM~OAD DLW
— = —~ e e S Sl
*9l03 * Lllivd S~ OO OOO NSO HOW FODUOU~TTONOT G |
— A A4 HA —HA pun
AZ08 31 OO NN~ AN~ DM NSO TN
*804dd *HLIYWY 9.784679912498m WOAWLN T IO IO N
. — ~ .
*SY3IY T8y¥3Nn NOCMOUDFAAON0G A D~ DOV ONOAOQONG O |
i Sl B S SR e R B — A -
* Hdilo3 : : .
OWODOWDNNS QO W O DO~ T~ ANODOO T |
: ~ — A
*gya0n 0782497M904492 MM ST TN TO TN
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TABLE 61

continued

NSAIS SUB-TEETS

o~ N O NGO N MO MWD AN OoONAD0ONn o (a))
¢>MG -Qc_nm " e e e e % ©6 & ® e S« ¢ ® * e ® o e s s e ¢ e s e | L3
ANNAANAAANAAN A NNNNMNNFMANAN
-oda weod LMo IS Vo IV B o JVo iV IV RN s Vo B S S o 86897M878m37...3
*qunsay < OWVN~VOWNSNG O~ O™~ OO TOST-OOWM W § I~
5% 230119 SOOI TOG T O~ OVOVOUNSNOWL Y |~
o — —
*dik0d T Llvd SLTOMOMIDD= T O 0O TOLTOASOSDAWO O
AHOEIW HOAMTOMNO AN O HOMITOIN NSO AN~ T
— — — :
“g0ud *HLIIYY < O 4.95,95/4484 56m27ﬂ8.59517.5
*SY¥3IY T ayuIAN ~ oo T~ OOMN VL O~ MO ONVODOROT MW | O
- ) — — — : — l
*Yduoa S~ ONSN~OOW WS WO MO TOOO A NGO ) ©
— —~
*gyasn VOOV DO DO NN DY O S S NP B = o L B B B ST
— — — A
AN TN WNSOOO NN ANMIOUO~OO C NN
e W Rl : : . A AAA
B : S
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TABLE 62

HARRIS DRAWING TEST

. ; i ) ’ t i
lan Scale K SK , SF I F f Womean Scale K SK SF 3 F Total Score{ K SK g SF | F
1 70 |75 |75 | 80 1 g2 | 73170 | 7 1 76 | 74 | 73 078
2 63 | 97 | 87 . 99 2 65 | 96 | 90{ 97 2 64 | 97 {89 . 98
3 76 | 79 | 82 | 8l 3 77 | 78 | 84i 76 3 77 | 79 ; 85 79
4 64 |93 |50 |63 4 62 | 96 | 49| 87 4 63 | 95 : 50 ' 60
5 8L |62 | 73 - 65 5 B5S | 62 { 651 69 5 83 | 62 | 69 - 67
6 60 | 68 | 67 100 6 67 | 66 | 70:101 6 64 | 67 | 69 101
7 58 | 77 | 58 163 7 68 | 80 | 69! 86 7 63 | 79 1 64 75
8. 117 1104 | 72 (100 8 114 {105 | 87 89 8 116 {105 | 80 95
9 83 96 | 74 [ 72 9 83 | 90 | 72§ 82 9 83 {93 . 73 77
i 10 105 102 : 84 | 95 | 10 94 102 | 85| 96 10 ‘100 {102 | 85 96
' 11 81 57 81 | 69 | 11 85 | 51 ¢ 80 70 11 f'g3 {54 ;81 70
; 12 100 '98 @6 ' 75 | 12 107 | 97 | 84} 76 12 104 ;98 1 85 * 76
g 13 7% - 70 82 | 13 93 | - 721 87 13 84 .-~ ¢ 71 85
g 14 | 67 ¢ 67 i - i 78 | 14 81 | 62 | - | B4 14 74 .65 ;- 81
' 3 . ! é ' i




TABLE 63

HARRIS DRAWING.

TOTAL SCORES

1968 : 1973
K 5 K 5
A N R
2 Po3 {78 ; J - 64 | 97 |
3 i B2 R -V ! ' } 77 ! 79
4 © 66 i 78 ! I 63 : 95
5 - P78 : P83 5 62
7 L L - L T -
8 76 b9l g io117 i 104
9 85 . 93 : {83 ; 93
10 108 106 : {100 ; 102
11 - - i v - ; -
12 82 78 : i 104 : 98
13 - - ¢ - L -
14 72 71 74 g 65
}
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1 TABLE 65
1
! BEADER GESTALT TEST
! RA# SCORES
i
f KWASH 518 SIB FED
| NO . 5 S s S
; 1 6 8 5 7
| 2 11 2 4 g
| 3 1 6 8 12
! 4 6 0 13 16
! 5 1 7 14 20
6 7 2 11 9
a 7 4 6 9 9
1 8 0 0 1 1
?, 9 0 1 8 5
; 10 0 g 2 1 11
‘ 11 1 : 6 8 18
3 12 4 2 3 3
i 13 1 , 4 - 5
14 1 ! 0 - 13




APPENDIX 11

CORRELATION MATRICES




TABLE 66: CORRELATION MATRIX
ALL GROUPS COMBINED
(df 52)
B O = -
5 |4 | E | E|E 8| E
2 = 7 % 5 a % % b
- 5 B | & |'d g |8 E|E
¥ s | B g e | ELELE]E A
S . < > %5 - H fasi oot fasi jas]
E§ 2 g é‘ 2 g = = = = 8
% e = 2 5 S o & & 2
SIBSHIP INDEX | -
F.S. IQ 5 .29% -
VERBAL IQ L .22 L9exEkx -
NON-VERBAL IQ ' .37#% .88%k% ,72%%%x -
BENDER GESTALT . -.20  .36%% .38%% .21 -
HARRIS DRAWING : .04  .54%% .50%% ,47#% ,50%% =
WEIGHT-MIDTERM = .30%  .32% .25  .37% .04 .18 -
HEIGHT-MIDTERM = .38%  ,33% .27  .39%% —.00 .16  .77#%*% -
WEIGHT-PRESENT . .09 .19 .16 .18 .05 .14  .6Ll**x ,52%% -
HEIGHT-PRESENT . -.06 .00 =-.00 .00 =.07 .04  .4O%*  50%% ,82%kx -
FOOD INDEX (35%% 22 ,55%k =22 ~,03. .46%% ,51%% ,08 ~.12 -

. 68 %K%

.
| xe
%k P

0
.0

<
<

!

B
0.05 |
0 1‘
|




TABLE 67; CORRELATION MATRIX

"KWASHIORKOR "'GROUP

@f 12)
. >
= B a o £
(o E =l E = = = =
U = K 3] o] H = <
505 |8 |8 | s 2 |8
o j = ﬁ = 24 O § =1
H S = Ay s W S a T
= 3 & & B & & 2w o
Y = fas o fas} m . — =
. ] l <] <) O <] B 2.
U3 Eﬂ.’. g = ~ H‘H -] g ]
= | B '8 | ¥ |8 8 [ # |§ 3
E.s. IQ -
IVERBAL 1IQ L96%% -
NON-VERBAL IQ 82%%  65% -
WEIGHT-MIDTERM | .09 ~ .08 .06 -
IWEIGHT-PRESENT  |{-.23 -.16 =~.35  .66%%x -
[HEIGHT-MIDTERM | .09  .09. .05  .77%% .39 -
HEIGHT-PRESENT {-.32 =-.26 ~.36 L66%%  83%% 60 -
MULT. SOC. INDEX| .42 .33 JS54% =13 =23 .20 -.23 -
[HARRIS DRAWING | .43 .36 .47 .20 -1 .30 .05 .20 -
BENDER GESTALT LS4k 47 L57% (11 10 - .27 12 Tl 55% -
= 0.46, P = 0.10
= 0.53, P = 0.05%
= P = 0.01%%

0.65,




TABLE 68: CORRELATION MATRIX
KWASHIORKOR CONTROL GROUP
@f 11)
. : > ]
_ o] !
< | B l8 | B |8 8 |8| 3
o] = = - 5] [o5) [ = < j
c |21 8!8 18 |3 |g ]3| 8 .
el IEBLELEE R 8002
2 N o = i = . - =
» > = = = S = g g g
. [¢3] [®] = = i
Iz N = B g = = 5 © ;M
F.S. IQ -
VERBAL IQ .98%% -
NON-VERBAL IQ L9l%% | 82%% - {
WEIGHT-MIDTERM .07 .04 .08 - i
WEIGHT-PRESENT 24 .25 .16 '« 85%% - :
HEIGHT-MIDTERM .00 .07 -.16 L67%% 5% Y - N
- lHEIGHT-PRESENT .00 .04 =12 .75 .89 L65%Y - = ;
MULT. SOC. INDEX{ .21 .27 .07 .31 b .43 .32 - 5
HARRIS DRAWING J65%% [57%  77%% -.06 -.05 ~-.20 =~-.41 ~-.05 -
BENDER GESTALT .29 .26 .34 .10 .01 .21 =25 .31 59% 1 - ;
P = 0.10
P = 0.05%"
P = 0.01%=*



TABLE 69: CORRELATION MATRIX

FED GRCUP
df 12)
&3
o 3 | 5 & 2 2 2 =
[ e8] [ea] 2] [ea) H I
. [ w = wn e H
g &8 1 & 2 &) g & 8
= - [a) O
Sl o2 Bl o2 gl g 8| S| g =
» o & i = = = 0 & 2
b S E g g | & g = &
F.S. IQ -
VERBAL IQ . 98*% -
NON-VERBAL IQ L96%% [ 90%* -
WEIGHT-MIDTERM .20 . .19 21 -
WEIGHT-PRESENT .0 .0 .16 .53% -
HEIGHT-MIDTERM .23 24 21 JH6%% ] 5%% -
HE IGHT-PRESENT A1 .09 .15 .26 J82%% . B2%% -
MULT. SOC. INDEX} .33 .23 47 .29 .40 .21 27 -
HARRIS DRAWING JI3%% 0 (71%% (73%% 40 ~.51 .50 43 W26 0 -
BENDER GESTALT .32 .30 .30 .26 - .05 -.02 f.23 .26 .17 -
r =0.46, P = 0.10
r = 0.53, P = 0.05%
r = 0,65 P = 0.01%%




TABLE 70: CORRELATION MATRIX

FED CONTROL GROUP

(£ 11)
= = é (] =
@\ B BBl R E| ¢
. v
| o g 8 & - a8 | # O = %
o - o 3 0 T 0 R 2' :
= . 22 | ) H [Ss] e . {
AAAAA . H S i @\ =3 2 = g g ]
I [ Z ) = = . "
F.S. IQ -
VERBAL IQ .95%% -
INON-VERBAL IQ 87%% (8% -
WEIGHT-MIDTERM Ab o 47 .29 -
WE IGHT-PRESENT J66%% [ H2% W57% S55% -
HEIGHT-MIDTERM .45 .32 .50 59% .43 -
HEIGHT—-PRESENT .34 .16 .50 31 J75%%  ,60% -
MULT. SOC. INDEX .39 34 .36 .36 <27 .38 - .24 -
HARRIS DRAWING .56% 49 .54 56% .63% N b .16 S-
BENDER GESTALT L79%% B4*kk 53 .53 «59% .40 27 .08 .61% -
r = 0.48, P = 0.10
T = 0.55, P = 0.05%
T = 0.66, P = '01**




TABLE 71:

CORRELATION COEFFICIENTS

FED GROUP AND FED CONTROL GROUP COMBINED

@f 24)
=1 .
. A Bl
. . H . . o = 20 1
| g2 8 5| 8 208 7 81 _ Z 188 .8
) ' e H | 0 m o m| S |'pl 8Bl =2 | 2 2 | &2l B1Q | @
1 Blgla| 88| g8 8 8 8/ 3 8|8 8|6 3|8 85[%|8
F.S. IQ -
VERB. IQ VAL
NON-VERB.IQ .93%% ,8l#% -
'BENDER J53%%  54%k L 43% -
HARRIS L68%% L 64% . 66% .37 - = .
AGE TEST .12 -.14 =-.08 .00 =-.01 - i _ 0'33’ - 8'32*
DUR. FED .18 .12 .24 .19 .52 .36 - r = 0.50. = 0.0L%%
| INCOME .35 .31 .37 .10 |16 -~.44% =31 - 2 : .
AGE START [-.28 =.28 =.23 =.12 =-.18 .94** 12 =-,40% - - .
AGE STOP ~ .30 =.32 ~=.24 =.13 .0l  .90%* ,53kk=~ 45%  84** -
AGE (T-8) J42%  42% 38 .30 =.07 .20 ~-.40* .03 .21 ~-.24 -
FOOD IND. | .36 .38 .29 .09 .26 =.76%% ,03 .41 ~.89%%- 68%%-.16 -
!(NV-V) -.45% - 65%% -,08 -.36 =-.23 .13 .11 -.04 .18 .23 ~-.23 ~-.26 -
VOCAB. . : .27 .54%%-,09 .05 .35 =~.23 =-.26 .38  .4O%* -.43% -
COMPR. L51%% (52%%-.05 .17 .20 =-.22 ~-.20 .34 .38 ~-.45% | 77k%x -
\VB.REASON .33 .54%%=.18  .48% .33 =-.30 =-.27 .21 .38 ~-.60%* ,65%% ,48% = -
ARITH. J6LEk (55k%=.2]1  (56%% 25 =,29 =.39% 44k 27—, 50%k ,57#k ,56%% .68%% -
MEMORY J62%%k (44% - 14 54%% (18 =-.27 ~-.27 .30 .27 =.54%k ,50%%  54%k% 6l¥%k ,82%kk -
PATT.COMP. .34 .30 =.30 =.09  .40* . 60%%k-.45% .36  42% —,26  .JO%% ,62%% ,63%%k ,60%%k ,54kkx -
BLOCK DES. | 320 44k =160 .22 41k (46% - 18 .06 .24 17 .52%% (45% 41k 46k  S1kk 49% -
ABSURD. ¢ .23 .68%% ,20  ,49% .14 .38 .11 .22 18 ~-.16  .59%% 44% .47% .38 ,27 .26 .32 -
E .23 .35 .04 =.03 .06 .36 =-.05 =-.02 .26 .16  .50%% ,48% .17 .20 .15 -
}

rRM. BRD.

L

. 50%%-,13

.31




TABLE 72: CORRELATION COEFFICIENTS

FED_GROUP

- @£ 12)
< A .
. . 8 & | a :
o | g1 8 = N - T 2 18 18] |8
Sl L E g8 (B 8B e L el gl B s B |- e | B
4| 2| 218 | 8 1la 18 la!lw!s |81 8| /818 l8 8183/ 3
Sl e|8|8|F |8 B =% (% ¢ g8 |8 £|8 2|4 /%9]E¢
iF.S. IQ -
VERB. IQ .98%% -
NON-VERB, IQ { .96%% ,90%* -
BENDER .32 .30 .30 -
HARRIS JT3EE71RE T3%% (17 - r = 0.46, P = 0.10
AGE TEST .38 .38 .34 12 ,66%k% - r = 0.53, P = 0.05%
‘DUR. FED .30 .30 .29 .22 ,78%% ,9l¥x - r =0.66, P = 0.01%%
' INCOME .22 .13 .36 .10 .02 =.41 -.32 -
AGE START .05 .05 .07 =.30 .60% .74%k% ,80%%-—,27 - b
AGE STOP .23 .22. ,22 0 G4 .68%% ,89k* ,98%*-,32  ,9lkx -
AGE(T-S) .18 .20 ,12 .12 =-.33 =-.17 =-.51 .04 =-.66%%=-,59% . =
VOCAB. : .06 .66%% .32 .15 .23 .12 .15 .25 -
COMPR. 42 74%% 58%  54% - 06 .23 .46 .04  .66%% =~
VB.REASON -.0 40 11 .02 .19 -.00 =-.00 .21  .76%% 44 -
ARITH. .50 45 .24 .29 .10 -.19 .13 .14 .51 ,58% ,56% -
MEMORY , .51 .3¢ .29 .31 .03 -.08 .18 .12 .47 .39 .50 .83%% -
PATT.COMP, .21 .24 =00 -,09 . .26 =-.09 =-.08 .17 .63 .42  ,75%% ,57% 37 . =
BLOCK DES. W42 45 015 .25 .43 - .04 .19 ~=.14  .65% ,55%- 56% .62% ,61% .51 -
'ABSURD. -.07 .75%% .51 .46 .15 .51 .50 =-,17 .63*%* ,50 .32 .20 . .15 .13 .24 -
FRM. BRD, .11 .39 .13 . .,10 .13 -.,11 * .03 .17 .27 .29 ,14 .51 .48 =-,03 .07 .13 -
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TABLE 73: CORRELATION COEFFICIENTS

FED CONTROL GROUP

(df 10)
=4 -
ol m R Em'a § E‘z*ﬁ @
= ) 0 [254 (@) | <q e] [a] N

v3 = E M o tmofrmol®mof 0 =R {4 o 1oH =~ 7 O | W

" BE| 5| &| 5|8 88|88 &8 |¢c|&s|d|418|F |22 ¢&
| i '
F.s5. IQ -
VERB. IQ L95%% -
NON-VERB. IQ | .88%* ,68% - :
'BENDER ° .79%% 85%% .55 - r= g'gé’ g - 8'32*
'HARRIS .56 .49 .53 .62% - o oles) = 0oLk
‘AGE TEST .18 .16 .16 .09 .06 - : et ’
DUR. FED .0 =-.0. .20 .17 .35 .0 - i ‘
{INCOME .31 .35 .20 .01 .16 =-.02 ~-.51 -
'AGE START 14 .16 .07 -.02 -.08  .94%%k 15 .04 -
'AGE STOP -.32 =.33 =.27 =.24.-,05 .77%% .61% -.24  ,65% ~
‘AGE (T-8) JT6ERR L 74%% 64% 49 .15 0 .22 -.38 .33 .34 =-.45 -
JOCAB. O .63% 17 .46 -.12 .22 .51 -.11  .82%%x -
COMPR. J64% .13 .29 =.24 .33 .33 -~.,19 .70%% ,87%% -~
VB.REASON CL72%% 5% .20 125 .31 .12 -.03 .33 .45 .36 -
‘ARITH. JI4%% 60% -,14 =,12 .32 =-.11 ~.57  .68% .60*% .46 .70%% -
MEMORY (84%% 45 ~-,06 =-.08 .25 =-.08 =-.47  .63% ,75%% _68% ,72%% ,86kk -
{PATT . COMP. .52% ,19 .03 =-,13 .53 =,02 =-.35 .58% ,66% ,72%%,40 .56  .72%% -
‘BLOCK DES. .12, .32 =-.04 .18 .13 ~-.13 =-.,25 .31 .11 17 .14 .19 .20 .32 -
{ABSURD. .56 .57 .51 .54 =-.08 .48 .20 .50 .50 .31 .54 .49 .38 .32 .37 -
\FRM. BRD. .35 .38 =-.00 =-,00 =-.05 =-.09 =-.33. .44 .50 .30 .22 .5 .,60% ,37 .40 .18

-,00
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TABLE 74: CORRELATION COEFFICIENTS
DIFFERENCES BETWEEN FED AND FED CONTROL GROUP
~ IN INTELLIGENCE SCORES, AGE AND INCOME
' @f 10)
~ ~ I ~ i
z 5B
[ ~ [ [
~ mn Iy (72} wn
—~ o { /m { [
= | Mm a [ ~ a [}
Sl% BT BB E
0 ( o fan] [ -~ | =
L8 o Bl q
= o b ~/ Q'E E j<al
2 B - - Y ~
g| % Bl 8 218 5 4 & ¢
= = E > > () &l & ~
S m I (@) - é
2 5l 818/ % % 2 8 g8 8
P = = < E 5| i (= < < <G
F.S IQ (FED-SIBF) -
VERB. IQ (FED-SIBF) L92%%  —
NON-VER. IQ (FED-SIBF) .53 .16 .-
AGE TEST. (FED-SIBF) ' .25 .14 .33 -
INCOME ' (FED-SIBF) -.13 . -.01 -.29 .22 -
EARLY WEIGHT (FED-SIBF) .28 .44 -.26 .05 -.05 -
EARLY HEIGHT (FED-SIBF) . .08 .25 -.32 -.29 -.19 .65% -
DURATION FED | .55 .51 .28 .15 -.38 .22 .09 -
AGE START [ .25 .14 .34 1.0** ,23 .05 -.29 .15 -
AGE STOP | .68% .53 .60% .65%,10 .45 .01 .61% .65% =
AGE (T-S) =43 -.36 -.38 .34 .38 —.49 -.43 -.38 .34 -.45 -

]

0.51, p=0.10
0.58, p=0.05%

0.69, p=0.01%=*




TABLE 75:

CORRELATION MATRIX

FED GROUP
(df 11)

£ £ S
T cp;
- -
?E]' = =3 ﬁ 8’
T T - N
, g & e = “
< [2a] Q .
=1 =1 = = =
{EARLY HEIGHT - _
EARLY WEIGHT | .33 = =
VERBAL 1IQ .10 .12 -
NON-VERBAL IQ! .20 .12  .90%% -
F.S. IQ A4 00,120 .98*%% ,96Fx% -
%% P < 0.01
TABLE 76: CORRELATION MATRIX
FED CONTROL GROUP
df 11)
. g
H g
o] 8 E{ é
2 E T E | g
= |2 E |5 |¢
=) = > Z P
EARLY HEIGHT -
EARLY WEIGHT | .50 - .
VERBAL 1IQ J57% L 66%% —
NON-VERBAL IQ| .51 .29  .70%% =
F.S. IQ JS57%  L64%% ,Q4%% 87 k% -

* P < 0.05
%% P < 0.01




APPENDIX ITII

MORIFICATION OF KOPPITZ SCORING

ON BENDER GESTALT TEST




TABLE X

EXTRAPGLATED KEANS AND STANDARD DEVIATICHS

S lt TC—)St.

<

For Koppitz Scores on Bender Gest

.
o
.
[£2]

Te} nwnwuwuw

684209877665544444444444

© e ® e o s ® e e e e

322221111111111111111111

MEAN

n n wn N @ ™~
4839642109887766655
.n
UU

32211111100000000

0.55
B0.53
0.52
0.51
0.50
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