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1.

Abstract

Forty Cape Coloured children who had bean hospitalized
for kwashiorkor in infancy were compared with their siblings
on an intelligence test battery at the 10th year of follow-
upe No significant differences in intelligence test perform-
ance were noted. A significant discrepancy between the
intelligence test score and the drawing score on late onsget
cases nay be due to affective factors. The groups were
Bimilar in terms of height, weight and head circumference.
The differences between well nourished and poorly nourished
groupe found by previous investigators may be accounted for
by the independent oporation of non-nutritive variables in the
pocial and emotional environment. The use of intra=-familial
controls in the present study minimised these influences as

'well as possible genetic factors in intellectual development.

Kwashiorkor is a protein calorie nutritional disease which
occurs typically in children under the age of 2 years. Tho discase
wan recognised in the early 1930's, but only later was the nutrit-
ional aetiology realiped. Today, kwashiorkor is rogarded as a well
defined syndrome repreﬁenting one pole of the broad clinical spectrum
of nutritional diseasc referrod to as protein-calorie malnutrition
(PCM). In contrast to marasmus which represents the opposite end of
the continuum, the calorie deficiency in kwashiorkor is not as severe
as is the protein deficlency.

The idea that kwashiorkor may affect the intellectual develop-
ment of the child 18 suggosted by the marked apathy during the acute

stage of ihe disease.

Literature and Bacgg;ound

For a long period, interest has focused on the physical morbidity

of PCM. Increased understanding of the chemical pathology in recent
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years has resulted in a narked roduction of mortality due to the
‘aiseaso. The awareness of a growing population of rehabilitces,
combined with evidence from animal studies on the permanant effects
" of defective nutrition on physical end CNS development has stinul-
ated studies of the intellectual performance of children who have
suffered PCH in infancy,

An early study by Kugelmaes, Poull and Bamuei (1944) devons~
trated a significant increase in 1IQ score of malnourished children
aged 2 - 9 years, broupght about by improved nutrition. The younger
the c¢hild when treated, the greater the chance of inmprovement.

Follow~up studies of children treated for kwashiorkor
(Cravioto and Robles, 19653 Chaempakam, Srikantia and Gopalan, 1968)
and marasmus (Stoch and Smythe, 19633 Cabak and Najdanvic, 1965
Cravioto, De Licardie and Birch, 1966; M8nckeberg, 1968) all showed
significant differences in psycho-developunental and intelligence
test performance between previously under- or malnourished groups
and groupe of well nourished children, or the general population,
The difficulty with all these studies is that nutritional deprivation
invariably co-~exists with other environmental factors which are
known fo influence test performances Many non-nutritive variables
werc thus operating independently which could account for the differ-
ences found, None of the studies were done blindly. It could also
be postulated that poor adaptive and motor behaviour contributed to
the acquisition of PCM by placing the child at a disadvantage within
a competitive family group., PCH is also frequently associated with
low maternal intelligence, which is known to be reflected in the
test performance of the child, Whilst most authors recognise the

influence of these associated non-nutritive variebles, no one has
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f
Eucceeded in coutrollxng all of them simuitaﬁeausiy. o

’ Experiments on laboratory animals are aimniarly inconclusive.

;vThe évidence that physical growth is permaﬂ@ntly reduced by early
{ dietary deficiency 15 unequzvacabie, but’ reduction bf groas quaﬂtzty
! of brain tissue does not imply CNS dysfunction.: Evidence of struct-
i ural “bxbchemical 1estonsﬁ present diffxculties in the establishment
/ef rezat1¢nships between Structural end functional aspects.  Differs
| éﬂéés'iﬁ %fain'gfowtﬁ Téteé'féiatiVé'tb hirth betWEéﬁ.Sﬁébieﬁ calls
: for cautlon mn extrapolation from ahzmals té humans, and the evidence
for the operation of metaboiic mechanxsms whereby the brain is prot-
;o 5 | ected agaanst aietary deficiency is impresstve. Like the humaﬂ
‘ | studzns, anzmal studies have not always been adequately controlled
for nansnutrigave‘variableﬁlsuch'ae tactmle st;mulathn.anﬁ,handling,
which ﬁnflueﬁcé.thevaavelépmeﬁtﬁof[st:ucturgl and functional cNs |
cha?actéristiésii Furthér aif£$cu1ties arige,ithhe-eéalna@ien.gn&
- ihterpretationfcf animal behaviour asrthe_aepéﬁaeﬁtfvéri553@?
| ‘The pteagent ihveétigatiOﬁNWaQ prompted by these consiaeratiéns.
.tog?thér_with the_aVailaﬁi;iﬁy_injCapé Tawﬁ_of a large ﬁﬁmher~of3 ._'
ﬁﬁbﬁnﬁg@dkwas@iérkor_rehabiiitéeé_whose medical and social progrees

had been followed for more thah a decades

Method and Materials

. The aim of the present investigation was to invéﬁtigéiewthé
relatibnship between severe PCM. during infancy and later intellectualv
dgvelppment. The e;perimentailgroup consisted of 40 Cape Coloured
children aged 9 - 14 yearsiwhc-haa‘b@én’hoépitaiizéa-éha'tr@éﬁed for
féizy fledged kwashiorkor in infancy, .i.¢s bétééém thé‘égés-ﬁf.iﬁ
anﬁA%B,méﬁthéé The ébntroi;gfaﬁp‘ccﬂsistéa‘of‘théir 8ivblinge = in

cach ¢case the nearest in age and of the same sex as the éxperimental
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Subﬁéct@'but‘wiﬁhoﬁt:ﬁﬁyrpast'ﬁistéfy‘éf'kWEEhidfkéfg‘

By using intra-familial controls ve hoped to achieve bettér.
control éfé? généféi Boéioéeccnémié factors, eépéciaii§ ihé carly
éﬂvironmeﬁt; and alse possible genetic factors in intelligeénces.
Children wvere é#éladea.if.théré wasiany‘danbt:édﬁé@rﬁiﬁﬁ'théir
‘pérentagé. | o z

. The Né# South Afrﬁ@anjmnﬂivi&uél'Scaié aﬁd fhé'ﬁéff%ggf;visiun
of the Géoéénough Test were admxnisteré& indxvidually tc the child-
'fsren. Conditions in the test situatzon were kept as constant as'
:!pbﬁa;hlé anid: the ﬂtudy was done as a‘mingle bllhﬂi' o |

Information on thé'@oci&i status of fﬁébfaﬁiiiéS'ﬁaé écéﬁﬁ@laﬁ

‘ated and details of gcholastiec performance Were obtained on & faf

the children. Eightéen children (9 from cach groupf had EEGB as
- part. of an earlief studye. Multiple tetests and correlation coeffice

PR
' .
v

cients were computeds.

Resﬁlts i
The difference between the grouPe invmean‘age at the time bf
7te§£;mg wag not’ sigﬁifiéant.',Na significant dszérgﬁcéé‘weté found
-bétwéeﬁ‘thefExperimﬁntai’andl66ntial grouﬁé.in §éf§éhfégé.6f.éxpéétéd
weight, height; of in head éiréﬁmféfénéés No éﬁfréiéiiﬁﬂé.ﬁéfé found
. ‘between these parameters ‘and intelligence score. héféiﬁiifiééﬁt
'differehce occurred in the EEG alpha index between the 9 sub;ect-
- pibling pairses  The mean percentage of expected weight on discharge
from hospital for ‘the Experimental group was<67.85§ A negatmvé ”; /’
‘=cufré1$tion (eOsBé)'WBSFfOﬁﬁd between the age on a&migsi@g to ::fd‘

> oL . . . v.f,,/
‘hospital and the intelligence score in the Experimental groups Theé

. mean ags at admissicn to hospital was 19.6 months (s.de = 946).

o~

The sample was divided into 2 subsamples on the basis of age.

e
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of admission to hospital, Subsample I consisted of 19 subjects
admitted betwoen the ages of 10 - 15 rponths, and their controls,
Sub: ample II consisted of 21 subjects admitted between the ages

of 16 - 4B months, and their controls. The difference in Intell-
igence Score between tho Experimental and Control groups was not
significant within either of the 2 subsamples. However, in both
Experimental and Control groups, significant differences between
the 2 subsamples were found in Full Scale Intelligence Score and
Verbal Score. S8ignificant intor-group differences in Subsample 1II
were found in Harris Drawing Scorce and the Problems subtest of the
NSAIS: Aower scores on both were achieved by the late-onset
kwashiorkor subjects whon compared with their siblingss The subjects
of Subsample II were strikingly lower than their siblings in level
of school achievement, in contrast to equivalent school performance
of the early-onset subjects and their siblings. The mean social

pathology rating vas also significantly higher in Subsample II

(p £0.05).
Discussion

Discussion of the results is facilitated by the following
diagrammatic representation of the factors which contribute to

poor psychological test performancei-

Eh mmc'rxon . MATERNAL & SOCIAL LOW PARENTAL
I
mr.mimrrzon : / DEPRIVATION INTELLIGENCE
? APATHY

T

POOR PSYCHOLOGICAL
TEST PERFORMANCE

BRAIN DAMAGE
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In previous studies, brain damago resulting from PCM wos
postulatod as the couse of poor psychological test performance in
groups of rchabilitated children. Brain damage, however, is only
one of peveral variables which reduce test performance, others
being the apathy of the acutoly ill or chronically malnourished
child, an impoverished social and emotional enviromment, and low
parental intelligence. These factors also contribute to the
incidence of PCM. In the present study, the groups differed only
in that the Exporimental group suffered PCM to o degree mufficient
to cnuse fulminating kwashiorkor requiring in~pationt treatment.
Differences botwoon the groups could thug bo attributed diroctly
to the svffects of this severe form of PCM on the TNS.

The results indicate that the episode of kwashiorkor did not
cause significant physical or intelligonce score doficitss Contrary
to Stoch and Smythe's (1963) expoctation, a negative correlation
occurred between intelligence score and the age of onset. Because
age of onset was indicated by admission to hospital, this finding
may indicate that prolonged, chronic PCM reduces intelligence score,
whereas éarlier treatment may prevent the occurrenco of this deficit,
But medic¢al supervigion may also coincide with improvement in social
conditions. Thus both subjects and siblings in the esarly-onsget
sample were significantly higher in intelligence score than the
subjects and siblings of tho late~onset sample,

The significant difforences botween kwashiorkor subjects and
siblings in the late-onset sample in Harris-Goodenough Score and
Problcms subtest, together with their strikingly poorer scholastic
achiovement, could be attributed to poor concentration and inters
ferance of cmotional factors in the child's cognitive functioning.

Evideonce of emotional disturbance was scen more often in the
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drawings of this group, than in all the other groups combined.

The mean intelligence score it the present study approximates
closely to the mean of Stoch and Smythe's (1967) Control group. Low
intelligence scores in their marasmic group‘W@re‘assoéiatea in 8
" cases with a dominance of theta activity in ihe EEG (Baraitser an&
Evans, 1969). 1In a study of kwashiorkor rehabilitees and their
siblings, no significant EEG differences were found (Evans and
Baraitser, 1968}, The EEG findinge ebrrobbfaté the iﬁteiligence
test findings in both studies, but the findings of Stoch and Smythe
(1967) cannot be attributed to PCM per se due to the important none

nutritive differences between théir marasmic and control groups.
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CHAPTER 1

Introduction

Kvashiorkor is a protein calorio nutritional disease which
occurs typically in children under tho age of 2 years. The dis~
pase was recognised in Africa and Asia in the early 1930's, but
only later was the nutritional aetiology realised (Troveil, Davies
and Dean, 1954), The World Health Organization report by Brock
and Autret (1952) gave a clear exposition of the clinical picturé
. and geographical distribution of tho syndrome and made the scient-
ific world conscious of the magnitude and significance of kwashiorkor
as one of the most severo forms of malnutrition in children, Today
the concept of kvashiorkor is that of a well defined syndrome repres-
enting one pole of the broad clinical spectrum of nutritional diseass
roferred to as proteinecalorie malnutrition (PCM) (Hansen, 1968a,
1968b). 1In.contrast to marasmus, which represents the opposite end
of the continuum, the caloric deficiency in kwashiorkor is not as
severe as is the protein deficiency. The onset of kwashiorkor usually
follows weaning, and the diet is grossly deficient of milk or other
high protein foodes. The calorie intake is provided by refined carbo-
hydrate foodstuffs., Marasmus, being the childhood equivalent of
starvation, is characterised by an onget often in the first year of
1ife when breast foeding provides a quantitatively insufficient
calorie intake and where supplementary feeding is not provided.
However, the majority of cases of PCM do not show either of the pure
syndromes of kwashiorkor or marasmus, but present a mixed picture and
occupy an intermediate position on the PCM spectrum (Hansen, 1968b).

The idea that kwashiorkor may have an effect on the intellectual

development of the child is suggested by the stress laid on symptoms
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of CNS dysfunction during tho acute stage of the diseases These

are apparent in the esarliest reports: Cicely Williams in 1931
mentioned "persistent peevishness", Lienrabe in 1932 independently
described similar physical symptoms and noted "apathy", Trowell
(1937) stressed the apathy and misery of the acutely i1l child.
Ciark (1951) went so far as to say that he believed the mental
changes to be the most constant and probably one of the most import-
ant of the changes that occur in the disease (quoted by Trowell,
Davies and Dean, 1954),

Only recently, however, hes this idea been taken up and explored
further, possibly stimulated by the comment of Brock and Autret (1952)
that "although the mental apathy of kwashiorkor is well known, it
has apparently been so much taken for granted that it has been left

out of mogt descriptions,®
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CHAPTLR 2

Literature Reviow

For a long period interest has been focused mainly on the
physical sequelae of PCM. The major concern of workers has been
survival. Over the past 15 years a better undorstanding of the
biochomical pathology of malnutrition has rosulted in more effoct-
ive trepatments and a consequent reduction of the mortality rate
(from 50% to + 10§) in recent yoars. In spite of the froequent
stress laid on symptoms of CNS disturbance in the acute phase, and
reports concerning persistent EEG disturhance following an episode
of kwashiorkor (Engel, 19563 Nelson, 1959, 1963), only rocently has
attention turned to the effects on subsequent intellectual develop-
mont. The awarenesﬁ of a growing population of rehabiliteos who
would probably have succumbed a decade ﬁreviously has indicated the
inportance of systematic study in this arca. Combined with this
has been a steady and pressing flow of reports of experimental work
on animals, confirming that cdefective nutrition has a permanent
effect on both physical and CNS developnent in various specics,
Loarning nbility. memory, emotionality and other aspects of behaviour
havo been implicated and the effects have been found cunulative over
several generations (Barnes, 1967).

¥hile hypotheses concorning the actual mechanisms whereby
nutritional deprivation alters the optimal development of the brain
and interferes with its cognitive functions continue to be formulated
and tested in the laboratory, a few field studies have becn conducted
which attempted to tast the proposition by direct study of the
individuals involved. Some of these have investigated marasmic child-

rens only 2 have studied childron spocifically presenting with the
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was instituted the greater the chance of improvement. A sharp
decline in 1Q rise was found when treatment began‘after the age of
4 years, suggesting the occurrenc;‘of irreparable damégeQ The.fieia
ibility ot'IQ chAnge'bafore this_aﬁe and the relative conatancy |
of 1Q change in the older children denotes irreversibility in mental
development following prolonﬁed malnutrition, | |

The‘firﬁt controlled field study wae semi-longiiﬁdinal and begun
by stbch and Smythe in 1955 (Stééh and Smythe; 1963, 1967). The authors
selectéd 20 of the most grossly ﬁh&ernpuriphed (marésmic) éape Coloured
children that could be found. Birth weights were said to have beon
nérmal apaft from 3 children; who wéie below 2.5 Kge The subjocts
wvers matched for Age and sex witﬁ 20 children whose early nutrition
had been supervised in a créche, The groups were comparable in respect
of parental intelligence, but there was a very marked disparity iﬁ
their living conditiong =~ Maléoholism, illegitimacy and broken homes
_'Qere‘the rule in the undernourished group, whereaé the control group
lived under more stable home conditions. Only six parents of the under-
nourished group were geinfully employede." {1967, p. 1027). Intelligence,
Head circﬁﬁference, height and weight were recorded aepproximately |
every 2 years. Significant differences on all these variables were
vfound consistently, and the means at the 1llth year of followsup in

1967 were a8 followst «
TABLE 1

Difference between means for marasmic and control subjects
' ' (stoch and Smythe, 1967

 Subjects Controls Difference

Intelligence score 61.2 76,7 . 1545

Weight (kg) o 24438 29045 5407
Height (cm) o 125473 133.68 7495
Head circumference {cm) 49,58 52,04 2,46

.Thoe authors regard the reduced head circumference together

with defects of visuo~motor and pattern_perception on the non-veérbal
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subtests as evidence that lower intelligence scores of the under-
nourished group may be due to organic brain damage resulting from
gross undernutrition in carly infancy.

Some confirmation for these findings derives from a study
reported by Cravioto and Robles in 1965 (Cravioto and Robles, 1965).
The Gesell method was used to study the psychological test perform-
ance of 20 infants and pre-school children during rehabilitation
from kwashiorkor, Testing was bogun as soon as acute infectionsg
and electrolyte disturbances had beon corrected, and continued at
intervals of 2 wecks for up to 6% months.

All children showed lower scores than expected for their
chronological age and ethnic groupe As recovery progressed, however,
the difference between the chronological age and the developmental
age in the fields of adaptive, motor, language and personal-gsocial
behaviour tendadvto decronse excopt in the group of children whose
chronological age oh admission to hospital was less than 6 months.

In these children the initial deficit remained constant during
the entire period of observation, On the basis that the adaptive
hehaviour of the infant may be analogous to the later intelligence
of the adult, the authors conclude that the possibility is high that
at lcast the children severely malnourished during the first 6 months
of life might retain a permanent montal deficit., The authors discuss
their findings as supporting those of Geber and Dean in Uganda,
Barrera-Moncada in Venezuela and Robles in Mexico, all of whom report-
ed that undernourished children tested with the Gesell scales showed
a narked retardation in all four areas of behaviour sanpled by the
tochniques They quote another study by Berrera Moncada who found
that 1ﬁtelligence tests given 2 years after discharge to 20 rehabilit-

ated cases who wvere all older than 2 years 10 months at the time of
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'ence aﬁa the ﬂ@fferencé between normal and ﬁubnormal ;ntelligenCe
vwas significaﬁt¢ Né 1aca1 standards for the ﬂispersian af IQ Wére

' available 8o the reeulté were eompared wi&h thosé for Serblaﬂ child-

U_ rem, of whom 21% were helow nnrmai inteliigence as against 50% of

] the*undérnonri@hea grbnpg and'sﬁ%ﬁof,5erbaan ehild?eanergiabBVé;thé'

vi_raﬁge af tha unﬂernourished gruup.

Ihe neah IQfef the und@rnonrished grnup Was 88 cbmparéd with

a méaﬂ ﬁf 93 tor éhildten from fami&ies of "noﬁnqualifzeﬂ“'wofkers.

The undarnouriﬁhéd grbup diﬂ mot différ Bignifiéantly in
hexghtzar W@ight from héalthy locaz schaoi child?éns Nﬁ correiation
- wag 1 iound betwean the age of ilineﬁs and subseqﬁent IQ, but there was
ra correiation betweén the deficxt ih éﬁpécted ueight fbr agé on
6rignna1 aamiagnan aﬁd Bubsequent tést performancé.v =

in 1966 Craviotng De Licar&ie and Birch publmshed the reeults

of & study in Memico whnch related haaght to 1ntersensory ofganisation.

_ h.crOsgaseetaanal study was carrxed 6ut on all primary eehoal children
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(@gé’fah@ﬁ'ﬁ'a'ii'?ﬁars) 1ivin§ in‘a,ruﬁai village of Guatemalae

Malnutrition was dafined retroSpectivély o tha basis bf

;height for age: a ehi&& who showed'sagnifiéant diminution ot

waa assumeﬂ-to hay§;ag'@ncrsas@ﬁ 1ikeiihoaﬂ,o£‘havihghbéenvatqearlxer
.Ffiék 6f‘mainu§ritibha' Iﬁ-%hi@ Wé?,'ﬁﬁ‘éxp@riménfai‘gréﬁp-ﬁé§ £&éﬁtifﬁ_
'__i@ti repi‘ésﬁht:ing th@ lowast as% of th@ height distribution am was
_compﬁréa with - & group cenﬁzsting of all thcsa chtldreﬁ in thé taliest
quartile for age, Information on the stature of parents of both
Jgfénpﬂiﬁaé‘éhfaiﬂéa?ta coﬁtréi faf'famii&éi fﬁétérsgv,ﬁ secohd
ééﬂtf@i sanple arawn frof aﬁ-ﬁ@?ér éiagﬁ‘ﬁfﬁaﬁ @béﬁiﬁﬁééﬁ‘ﬂﬁﬁ selected
- consisting of children of the same ages whémexﬁiﬁifeasaqhiV§iént;j
ﬁjﬁi@fé?éﬁcéﬁ in haight hutiwha had 1ittle bf:hb likélihﬁﬁaaﬁf'@§érb
'>ﬁaving bééﬁ ﬁi\hﬁffitﬁanai-riékgl.Brﬁaﬁ»d@téii§ 6ﬁ tﬁe‘S6¢ia£; seonomic
ahd educational state of all families was céiiééﬁéﬂi"?ﬁ? th@,rutai
' childreh a ﬂifféreﬂce in hé:ght was, a@campanied by & ﬁszerenée ﬁﬁ
BENEOPY hntegrgtive abiiitya Thns reiatianship was not found in the
ubpé?:éﬁaﬁé‘ufhéﬁ samplés ‘Thad authars diséuﬁs the fimaings iﬂ tefms
"af o possible schemes, viza (1) that both poor xntersensory d@vélop&
mént an§<ma1nutritzﬁn ariaewcpt:of social imbﬁvefiShmén$‘mheré_poér
ééatnéé'iﬁ an ineidental sequel to %ﬁé.malﬁﬁt?iii@n~br; (2) that both
poor intersensory developnent and low stature axe @égueiae bf mals
nutrition, itsslf arising out of poor socaal tonﬁﬁtionSa JOn»the
":]basis that poor int@rsensar? functaon anﬂ iow stature were not signﬁf—
iCantly assﬁciated with a&versa maciai conditicns the authors favour B
'thc s@cond scheme. thus r@iatihg rédﬂted £htersensory ﬁbilsty directly
ucta the p sibility ﬁf early malnutrntion PoY - gauged by réduced heught

forlgge; . ’ o , 1 - TR 8
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Hsing the sama méthod, touether with ﬁumtably eanatructed

inteiiigence test battery, thanpakem, Srikantaa an& Gapaiaﬁ (1968)

sﬁudﬁed Indlan ehildren whc haﬁ'been traated suceessfnily fﬁr kw
iorkor in ~nfancya Ninet@on ﬁhilérén adnit;ed betWéen thé agés of

lB anﬂ 56 months during the pufibﬁ i9)9 - 1962 were testéd bétwéen‘
mh94‘9~é ‘suﬁ‘é A3 yee?si Fér evary one expe“nm@ntai child.:ﬁ SR
matcn sd & @1 chlldrEn wére seléctad takiﬁg aﬁcouni of age, sex.‘
'réligion, caate soeia—economic s atus and eduéational background. o

‘In addition the inteiligenee test waé standardizeﬂ on thé«graup or o
)Q children of the same age raﬁgé and deriveé fr@m the sams Ebéio-:("
V@COﬁémlﬁ grauy,andwgeoﬁfaphical aféa a8 ihé:@ﬁpéfiméﬁtéi‘gﬁéﬁg. A
'signiﬁiﬁﬁntadifféréﬁée in perforﬁanee éen the iniéiligéﬁcé‘baiiéfi‘ﬁas B
viﬁﬁﬁd’h@fﬁééﬁ the experimental and ﬁﬁﬁtfoi Qrﬁﬁpéi v@ﬁis\&ifééréﬁéé7
-wés,@a&ﬁi@uiériy‘maﬁkea in thé,yéumgéfiagé §raﬁ§'t3ha 9;yééé§§féﬁéi
tended to diminish im the older group €i0 é>11‘?B&?é&mi<§nféfséﬁéo?§
;organhsatlon was poorer in the @ﬂpérinental subjecta mérkéﬁiy EB"

in ihe younger &age group, with a teﬁﬂency to nmprove Qn thc blder age
‘graupa The deficits were partitularly markea wath regard to perceptual

SR s

‘anduabetraﬁt-ahalitaesg ' . ,
| Heaghts, weights and héaﬁ ci cuﬁfer@ﬂtég of the @ﬁparimental
chnldren-were generally Simllar to thosc ﬁbservea in %he matched
con&rola. thcugh the. wenghts téudéd to be soméﬂhat 1ower ﬁn the expér-
imentel groups Iatélligenca ﬂcore, head circumférence and height~M  J
WeEn correlated 1n the cantroi subaects agea 9 years; but‘mo ather
@i@ﬂlfi&&ﬂt carrélatzﬁnB‘Weré fbﬂhﬂi> Althﬁugh thé rindings are gledar
“euty the anthoys are extznmely tantioug iﬂ théir interprctation and
qu@stiqa whether th@y,aré directly ﬁttriﬁutabl@ to the corlier episode

-of PCMs' . Further fattors which they invoke aref <
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(1) Whether the prolonged immobilization before and after hospital-
ization resulted in a loss of "learning time", together with tho
cmotional stress and anxiety incidental to the hospitalizationg

(2) whether the poor performance of fhe experimental group is meroly
a reflection of the low level of intelligence, motivation and
resourcefulness of their parents - factors which determined the
development of full fledged kwashiorkor in the childron,

M3nckeberg (1968) is much more certain in his conclusion that
permanent brain damage rosults from early malnutrition, Fourteen
children (Chilean) admitted to hospital betweeon the ages of 3 = 11
months were followed after treatment, correction of the undernutritfon
being attempted by an adequate free supply of milk to the families.
The children were tested by Binet and Gesell methods wvhen the age range
of the group was 3 - 6 years. Tho average Binet IQ was found to be
62 and in no case above 76. This was significantly less than the
average of Chilean preschool children of low socio~gconomic level,

On the Gesell test, only one child attained the 42nd month in all 4

areas., The best development was usually in the personal-social areaj

-the most retardation was seen in language. Head circumferances woere
definitely below normal; heights were¢ all below average (<& 3rd percentile)
whereas weights were all found above average (>3rd percentile), The
relation of weight to height was above normal: in some cases 50 nuch

s0 as to give the impression of obasity.

The author attributes the low test scores of the group directly
to brain damage resulting from a disturbance of protein synthesis
during brain growth, and likens the effect of nmaglnutrition in the
first months of life to that of hypothyroidism, galactosemia and
phenylketonuria. The 1rreversibility of the brain damage is seen

in the lowness of the scores despite improved nutrition as indicated
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by the above average body weights,

M8nckeberg (1968) derives further evidence from a afudy of
the relative influence of social class and malnutrition on psychol~
ogical deficit, One hundred end fifty-three preschool children
within 3 social groups were testeds Group A included middle—olaas
children; Groups B and C were lower class with the same average |
income per capita and educational level of parents, .Group B was
from a population with no malnutrition, due to free distribution of
milk and medical assistance over the past 10 years. The proportion
of children with normel intelligence was essentially similar in
Groups A and B, whereas in Group C only 50% were normal., The author
recognises that a supplemental feeding program affects the environ-
ment, maternal motivation and nutritional state, so that the differ-
ences in intelligence leVe; cannot be ascribed entirely to the
nutritional factor with confidence.

In 1954, Trowell, Davis and Dean pointed out that "Nothing is
known about the completeness of recovery from kwashiorkorm, With
regard to the psychological features of the clinical syndrome, this
is probably still true today. Whilst an improvement in the mental
state has long been regarded as a& sure, favourable prognostic sign
during treatment of the acute phase, the long term consequences in
terms of psychological performance are still uncertain.

Investigators have become well aware of the multiplicity of
factors which have an adverse effect on intellectual development and
which inevitably co-~exist with under« and malnutrition., The most
recent review of the subject in Nutrition Reviows (February, 1969)
concludes that "If we are to khow whether diotary deficiences per se
are a cause of subsequent poor mental performance, then studies will
have to be conducted which will separate the nutritional veriable

from genetic factors and from many environmental variables. High
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(CHAPTER 3

uﬁﬁﬁkgﬁonnd_of.fhé_Stuﬂf .

Hypotheses consadéring malnutritzon as ' a éausa c‘ permaREnt
‘ intelléctual detxc;t ‘ars teadily acceptahia partly due to the
E:'powertui emotional appeai in the seeio-political connétatzoné'and
- partly beéause they sﬁund so plaugubie. This applies particularly _
'to thése hypatheses whxch postulate thé effects of mainutrxtieﬁ in

: terms of quantitative inhzbition of brain grawth.

‘:iﬁQ Bféiﬁvﬁiié“ méinﬁtfitiﬁﬁ_éﬁafiﬁtélii”éﬁéé“A h | |
o 'iiuﬁaé'ﬁéén.aémohﬁifatéa'éﬁﬁér entally‘in many epeciés that
if an animal is deprived of distary essentialé for grewth ﬁuf;ng
mritzcal's;ages,bf postnatal davebopmﬂntg ;t will rqmainﬁphysiealiy
retarded; notwithstanding later correction of the distary defisiency
| fﬂiéddﬁéﬁh,'@iﬁkéf@dﬂ‘&‘Hccaﬁééqvigﬁﬁ; Watericwg craviétb ﬁfgiéﬂhéﬂg
1960) 4 A logical extension would be that dzetéfy déf;ciency in
1n£ancy wzll impede brain grthh-quautitativeiy aﬁd cauee méntai
’retaraation, the externt of Which is related both to the age of onset
,_and the duration of the hutritional insults The perisd of maximum -
 human~b?aiﬂug?qwth\starté iﬁ~the,§th tﬁétal;mgnﬁhj_ﬁt“birih the
;ﬁféin ﬁéﬁﬁhs,éﬁbﬁt éﬁﬁ-bi ité\ﬁdﬂii,weighf; .Séveniy géé ignilpf-
,é&ﬁltfﬁrain’ﬁéigh% ié‘achiévéﬁvﬁy the éﬁé 6f’%he‘firaf-ieaf (Browﬁ;
iQGS)w The period of maxinum vulnérability wnuid séem to bé 1argely
in the prenatai period and in.the first few postnat%l months;

', Hdwevef. tﬁére are twn~impﬁrtant assumptiﬁﬁs nnﬂerlying theéé.
fmrmulatiﬁns which are not validi viz. that intelligénﬁe :s related

groas brainls;ze. and that hea& ciréumaePGHCB is an index of

gross braan sizes Anatomista anﬁ sécial anthrbpalogists havé founé

v:large nermal varzat:ons in brain siﬁa within all mammaiian ﬁpeciea
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(Lashley, 1947) and, looking beck, have found soue of the greatest
intellects of the past to have resided in remarkably low cranial
capacitiess Quantitatively, tho cquivalent of modern man's brain

was achioved by Neenderthal man more than 100,000 years age (Magoun,
Darling & Prost, 1960). The men of our own spccies who replaced

the Noanderthalers also had brains of full modern size (Carter, 1962).

Although a rolationship betweon brain size and intelligence
has been entertained in the past, the evidence is overwhelming that
the two can only boe correlated in definite anomalous extremes such
as anencephaly and microcophaly,

Nor does the correclation of brain size with head circumference
stand scrutiny, Fielden (quoted by Dodgson, 1963} ehowed that in
micro~encephalic calveos tho external gkull dimensions were normal
although the brain weight was only 1/6th of normal.

Furthermore, in malnutrition there is thinning of skull bones
and loss of temporal cusculature oaking for reduced external skull
circumference. Also, Illingworth and Lutz (1965) have pointed out
that head meoasurements only bocome meaningful when taken as a ratio
of totasl body size. Dean (1965) found head size the least affected
of various body measurenents ino omalnutrition: it was always largexr in
relation to body size than in normal childron.

An important consideration in regard to the effect of malnutrition
on gross brain sige is the relative meotabolic stability of the brain,
and the protective mechanisms whereby the brain is afforded nutrient
priority over other developing organs, Donaldson in 1908 (quoted by
Dobbing, 1968) rocognized that however nuch growth is retarded, it
is difficult at any age to induce the braintbody ratio to depart from
the normal value for body weight, Jackson polinted out in 1935 that

in atrophic infants the brain continues to grow, so that emaciated
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infants cen have normal brain woights. Waterlow (1959) showed
experimontally that in protein~depleted pnimals there is a cone
centration of protoin synthosis in the internal organs at the
expense of nuscle and skine. An dinvestigation of brain size in
children at postmortem by Brown (1965) in Ugande showcd that
although the brains of wmalnourished children wveighed absolutoly
less than those of non-malnourished children, when the brain weightt
body weight ratio was calculated the malnourished group had higher
ratios. "Small-for-dates" babies have a brainibody weight ratio
elevated to a value highor than would be consistent with the body
weighty and in underfed rats the brain weight derficit is consistently
relatively less than the body weight deficit (Dobbing, 1968).

Thus although reduced head circumferences have been noted in
malnourished children by both Stoch and Smythe (1963 and 1967) and
M¥nckeborg (1968) it must be recognisod that these cannot be uncritic-
ally accepted as evidence for rcduced btain size or related to reduced

intellectual "capacity" or performance.

3, Structural CNS changes, malnutrition and intelligence

To look for gross anatomical changes in the brain as a consog~
uence of malnutrition and to use externsl head measurements as en
index is likoly to be fruitless. Investigators have thus turned their
attention to consideration of more subtle effects of malnutrition on
the blochemical structure of the growing brain on the one hand, and
to functional interrelationships as an index on the other hande The
nature of the relationship, if any, betweon these two aspects is still
obscure,

Normal functioning of the nervous system depends upon an entire
chain of bviochenical events, In any biochemical system, interferonce

with specific aspects of the metabolic events produces a "biochemical
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lesion®, The interforence can be diroct whon the integrity of

the system is disturbed by the absence of an enpymeo essential to

the sequence of metabolice events, Or the interference may be in-
direct whon tho velocity of internediary metabolicm ip dipturbed

by alteration of the enzyme action or the subagtrate upcon which it
acts (Russell, 1964).I Phenylketonuria remaing the paradigm of such
biochemical lesions on a genctic basis, es proposcd coriginally by
Garrod in 1923 as "inborn errors of motabolicm!, A poesible assoc=~
iation between biochemical lesions, errors of metaboliem and nutrit-
jonal deficiency, vas exprossod by Kugelimass, Poull and Sanuel (1944)
in their initial formulation,

Saveral reviewers (Coursin, 196%; VWitkop, 19674 H.Gordon, 1968;
Eichenwald & Fry, 1969) havo reforred to the delayed maturation of a
varicty of biochenical processes in malnutrition, i.e. the measuromonts
of bliochemical functions approximate the values observed in well=-
nourished younger children of corresponding height and weight, These
observations, together with the specific finding of depressed metab-
olisgm of phenylalanine to tyrosine in pationts with kwashiorkor, have
led to speculations that engyme activity can be inhibited by mal-
nutrition, causing abnormalitiers in intermediary metabolic sequences
and blood amino~acid patterns por se as well as the formation of
degradation products. Amino acid transport across the cell membrane
could thus be intarfered with, resulting in reduced availability of
anino acids to the neurone,

Howvever, in contrast to carlier theories that protein gynthesis
cannot take place at the synapse, Gordon and Deanin (1968) have
recently shown that, in vitro at least, this is possibles. All the
requirenents for the operation of a transport mechanism for protein

destined to be the source of anino acids for new protein at the synaptic



”efg‘amthors suggest, that brain protelﬁ‘way he

~._;varncus stages: of maturation of the human braia.l3'bf-"¥f“

»”ﬁénaﬁng.arénb?esenﬁi;?bﬁeﬁtialtywthns-a¢me¢haﬁia&,isf®t6ﬁiééaf
;wheréby neuronal strutturés ara pratecteﬂ againét at Iéast ghorts.

oterm variatxon in. the supply of essential amina aci&ﬁ to%

'.‘.‘!ﬁrgaﬁxm’ D oo :\:‘,;( :-va':.: ; C iv; - ,"»j R P . B
Ad&itional eviaence uf thé unique protpin metabaiism of the

hkﬁfain.is;??ﬁvidééfbw;ﬁhé investigations of Opata et aly fxﬁﬁﬁﬁa@ﬂu'r

o Japans -Using radioactive leucine the suthors found that the, protein

'{:@ynthetic activi “““ 6$‘fhe live?~unamr-thé 9:’

",@?ﬁh?ﬂ@h_itsimﬁtabblié'@ttiiiﬁ;;ag{hﬁgh:aﬁdgéémparﬁﬁiéy$§]@héi{bﬁ

f fsévgréjgﬁa,p§ﬁipn§e&,&ép?ivaxiﬁﬁ,maywﬁi%imateiyaﬁaﬁéwih@i?

. effect in spite ﬁf'@ﬁéﬁé'@réﬁfétivéwﬁééhéﬁiﬁﬁéi Gordoh & ﬂeanam |

. (1968) quote 1hvastigaﬁxons whaeh showud that ﬁn&@?nburi@hed rats@ in

5@9#@?&5&,ﬁﬁjma;nourlﬁhéﬂ:bﬁéég $h§WE@ no mgasu?abiegﬁefiggtg_rn $he
L fAunber of. brain enzymes or inabil ity to learns Both ;‘;j?&uﬁé’, ware well

:.gwbelow the. ad. 1ibatum féd control@ in body m@kqhﬁ gaina

Caﬁc@avahly. pratein aeprivatioﬁ during. early de elopment ar the

hibrann may affect itﬁ letér ;rﬁtein metaboimsm o the, basis that
,‘;protexn requirémentﬁ may be‘relatiVﬁly nncréascﬁ ih the deV@ioping
 .}§§aiﬁ;@§“§9P§$é¢-t¢ #h@;féiﬁt%?ély stable requmréméntsiaf the fully
‘ﬂéﬁ@ipééﬁ>§yﬁ#ém‘f@rgtﬁé«maihféﬁéﬁéé;ﬁf;tpéﬂéeii:méﬁb?éﬁéféﬁﬁ;_.;f

- _meuronal functions Unfortunately, no dats are available for ﬁiffera-

,fénéi@1;amima.ééid réﬁﬁifﬁméhiﬁg:qhﬁﬁﬁitﬁtiVé*ﬁr\qﬁéiiﬁatﬁvéghﬁﬁ

In the inatenﬁe nf pheMylkétonuria the effect‘af fhe "lesion“ .
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heing respﬁnsible for impaived: @NS functian.;lﬁaﬁévés;iaiﬁbiaghémﬁéai

;le@iéﬂ”JWithin;th@nmﬁtabélaé aystﬁmwaf %h@xbraiﬂ;itséiﬁlhﬁéIﬁééﬂ;*'é

,postulateﬂ by Rasenﬁweig, Reech ana Bennétt IIQSS) whéraby the hydrc~--

;iysis of acetylehoaine ia reducéﬂ by the abs@hce of aﬁequat@ amaunts

”fof ehciinestera5ea~ Impulse tranﬁmissxan at thé aynapse is thus

"tlparaiyspd by cxceaszve cancentratiohﬁ ot unsynthesiﬁea aaeﬁychoiinea

'{@ﬁ@ac@-alisbghayiour.dgpénds,@pwneqral“pﬁq¢¢$§e$3~a%t%@@reaaﬁﬁathx

%o *3@:3‘9’@@&};&@@ “such @lterations in ‘Biothemical events z‘{ﬁi“i,i bé reflected

';iﬁﬁﬁéﬁé?ibﬁ%aiféhangéﬁ; iﬁéludingré&@ni&ivé.fuﬁeiiﬁﬁﬁs Thus Raﬁenzweig,

‘ ffxrech and Bennett (39383 rélated problem ﬁol?ihg and adaptiv@_behavinur

’ in vats %a differeﬁces in. the amstrzbutloﬁ of cholinegtéfaﬁévih thé rat

.’::beajngganqraugeneticuxac$ﬁg~wggfﬁastuxated in thé ﬁétermana‘ion of

~?h?@azé-ﬁniinésgégaﬁuﬁﬁaﬁé;brigh@néﬁﬁr;in,wa&s.;ip‘tﬁ@taiggwagipggs;@;eq'

by sséxéet.avé ‘breeding. té‘- produce Unmnze bright? and Ymaze Gulll, rats,

*ithe former haveaa higher Ednbéﬁ%raﬁi@n.ﬁf-%rain:ﬁhﬁliﬁééﬁérﬁﬁéﬁ o

Nare reﬁently the. nutritional quaixty‘af the rats‘ ear&y environa

" _ment hes been.inpiicated as o determining Factor, (Keéch, Roseheweip

o 1962)s - Diffieultios arise in attempting to place blothens -

., Por example, when the experiment was reversed and maze learning

e abi1i€i~wa§ studied in iéé@*wﬁiéhwhad‘bééﬁ.éﬁéﬁiaiiy éél@éteﬂ‘fbﬁ

‘  dﬁ1iG?; Thereforé the brighﬁ rats in the earlier stuﬁy may haVe had -
fin@?éaﬁe@;chotineﬁtefgﬁé bécau af iﬂcréasea "neu?ai aativ£t?“ 8
_refiseted fn more competent mase perfornance oF mors suceessful maze

;}_learning {ALlen, 1968)‘. L B

. Brain growth in mammaié hag been &emonstrated ﬁy Dobb1ng (1963)

to cumpré.fée ) component Qrm\?th spurte < the first cﬁn@iﬁts oi‘ glial
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proliferation of which tissue DNA-phosphorus contentis an index, = =
end pesks in man in the ﬁéékg:béibfewbirihga%he“éécbnﬁ;xéﬁﬁéiﬁﬁfng””
ofnmyel&nizﬁﬁiéﬁfby,a@pasitiénzﬁfniipiﬁss»i#féﬁﬁimafédfﬁffﬁiﬁﬁﬁeﬂi2 :

chele»terol content,aﬁdﬁﬁakes;@iaﬁé»pfimariiy in the first wéeks

aftﬁr blz‘thq w v i ".‘.'"f'; vobe vz' e - ‘ ‘,2 S T'.f. R ’, '4.'1,';_, a
The “grbw%h spurts" representeﬂ by the pﬁaks éf eaéh 6f théae

E 5:stages could rcpreeeut periods of vulneraﬁiiity ﬂurxng brann d¢Veibp-

"xrménta- Marked variatnons between spenx@s of ‘the spurts’ in’ r@iatiaﬁ

-to hirﬁh were noted by ﬁobbzng (1968) in&icating that & ﬂutritlohal

ﬁmﬁuit coulé have dlffereﬁt effécts at différaﬂt stagEs 1n different

w‘;g@peéxes. This calis for the utmoBt caution in éxtfa@alatﬁng from AR

work on; 1nfrarhUman specios to wane ' -

| Braln grawth 1n the rat. ior example, takea piace aimoﬁt éhti?ely

'-in Lthe @ostnatal pér&ﬁd, which causas the rat %rain to be then?aticaizy

far moYe. Vuinefablé %o cnviranment insult than the human braing

‘;Dabbiﬂgpgisé.stressa§~thatfal&ﬁpngh.Sémé‘gf“th@ rééﬁltﬁ!ef’éaﬁiy“_

ﬂutritiohai'aepfiﬁat&on'&ﬁ}aﬁimaisemay be*iﬁtéfﬁreﬁéé'as'iﬁ%éfféﬁéﬂéé‘
ith myélinization of. the CNS, the qﬁesta&n of whether the yhyaicai

-defic; & -have. auy - muré thaﬂ a c0~ihc1denta1 relationship with the o

'-‘behauiourai defac;ts st 11 ramaing unanewereﬂ (ﬂobbinq, 1968)5

This applles alsgo to the sroFk af Winack (1968), who' haa ﬁﬁed
 _ana1ysis.or DNA contant a@ an. inﬁei of rate of cell divxsxbn in the. _

' dé?@i@piﬂg bﬁa&ngfaﬁﬁ*fouﬁd a markedly réﬂuce&wBNA Qﬁntéﬁ%%hﬁithéw

;;ﬁ?aiﬁsua£§chi1&reh*who_dieﬁ'bf‘mﬁinutriti@ﬁ.auﬁingrﬁhé”i ret yebr

0f‘ii£@§ja'~.

" Be Shﬁrt %erm ﬁainutrztmon anﬂ inteil:gpnce
" fhe inmediste effﬁets of calor&e restrictlén (aéﬁte s@arVatioh
| sha semisstarvation) in -z;duamamve been réviewéﬁz byj :B%%@tg- ;(5'i9593 i-éﬁﬁ

By Sourkes (196%). Reduced psrformance on intelligencs vatteries
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could be attributed to‘ébhéiéféﬁt changes iﬂ‘méﬁtéi‘gtafé} Vige
poor coﬂcentratzan aﬁd attentiom. apathy. fatigue, nrritabiiity
angd depresbihne Hzth refééding, theSe symptomﬁ are réversed and
:test performaﬁce returns to prévﬁous 1kvels. The relativé contrlbm
ution of Vﬁfious eﬁsentaal amina aczdﬂ and vitamlns (notably

Qlutamic acid, uric acid, thﬁemine and - ribbflavxné) has beén invésta

igated by selective refeedinga Hﬂwev@r, Reyﬁ ot ai. (quoted by
",Saurkes, 1963) in studies uf the effects of stafVation entailing
'-reduced protcin intake, ioun& that the Eingl@ moat impartant
mutr*i*tional fattor in eucaessi‘ul zﬁehabmb.tatﬁbn wa&; »,_eglpr';m intﬁké*’c

Stewart aha-@i@%t'(19683 §rc6a¢éd4mafkéd éa11ﬁ1ar chéﬂgéé in
the nérvoua'ﬁystém-andTheuraxégieai @i@n@ ihﬂ@ig§ §ﬁﬁ'ﬂO§§.ﬁY'f@éding
an unlinited lowsprotein di@flffbm‘weaning;‘ﬁn&'ﬁuéiﬁéfﬁrégﬁaﬁcyvaﬁ&
1ﬁéta€i@ﬁ. The pngs deveiopéd a physicai staxe resembliﬁg kwashiorkor
 and were - grossly deficient in physical size compared with narmal
animals:aflthe same ages BEG changes were also oﬁgérved; Most of
the changes, however, wére found to be ?é?éfﬂﬁﬁié‘ﬁi@ﬁ iéhabiiiﬁatiﬁna
Nd'%ract’dﬁggnafaiibﬁ b§‘pééroéiﬁ;bécufféd;'aith&ggh the significance
of permenent loss of cells due to neurtnophagia during the initiéi”
stages of recovery i& not kunowns |
These findings iﬁtiﬁa'%heihyﬁothééig'tha%”éhii&féh'whbihaVé.

puffered an early nutritional illness may lég-ih'iﬁtéilébﬁuailpé?fbfmﬂ‘
" ance behind those who have not, for a period following the imitiation
gf_réfeeaing buti-aii'thihgs_b@ing eqtal, ghﬁuia]eféﬁeﬁaiiyféatéh'upg
The basis for suﬁh_a_hﬁ@oﬁhésiﬁ'WGuia‘bé that the pericd of apathy
répresents a period of ré&hééa’aﬁbortumity féflh?aﬁiﬂé@‘6f @ki11E
' sombined with‘redﬁca&»s@ﬁsbfyaéiimulaticmgb A move pesﬁimistac vieuw=
_poiﬁt“referg tﬁ,th@,sés@aliéé:ﬁcriticélAperiaﬂs" in behavioural

development, disruption of which may result in & permanent deficit
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in that particular arba of behavioural skill (Scotty 1963).:

b Non-nutritive factors; malnutrition and intelligence’

The word “kwdshiorkort is geid to mean "displaced ehilani. it
was givén ds & nams for the syrdroné by Cicely Williams in 1935 on
tﬁé ﬁafs?ié of ﬂie” 6baéx~’€aﬁbn that ihé'ﬁigéasfé‘ﬁéuaﬁ?y, féfl’éi&*éﬁ-b-ﬁﬁf
_the dnsruptzan of breast-féeding by the arrival of annther siblingi
(Tr@welli Davies ahd Dean, 195&)._
Thé term "kwashnorkor" thus characterzzes the h;gh ﬂegree -of

:?naternal déprivation which all wnrkers reaégnise as inevitably €o=

. exasting with the nutritionai 6eprivation. :
It has been well demonstrated (LeV;né, 19625 1968; Altman, Das
and Anﬁerson, 1968) that stimulatién 1h the form oL handliﬁg andg’ | _
v ’gent1ing oi the newborn rat resulted in acceleration of phyeiologieal
tdeVélopment of gross mbrphologital; functiunal and structural character--
viéti@ﬁ @f'thé ﬁfganism_to-éaglier,maguriﬁy@ Body hair-appeafea_éarlier;
é?és»ﬁ@énﬁd ﬁﬁbhér‘éhé<¢ﬂ§gm§éiiﬁﬁ€i&n occirred gbéﬁef iﬁ'héﬁaiéa
réﬁiméiﬁg ﬁifferences in résponae to external stress were related to
differénees in ACEH ievelg and fésponsﬁ. Sxmxlar‘ﬁmffereheeé'WQre
.i.obSGrved betweea mothérﬁréaréd and incuhatorﬁreared rats (Thomas,
N Levine and Arﬂoi&. 1968). The WOrk of SpltZg 1945. 195;; Goldfarb,
is wEll khown and provmﬂes cahvinélng‘eviaénce-ef %hegretard;ng~m££ect

of under-stimulation and maternai deprivation on psychomotor intells

Bakwnn (1949) found the evidence conclusive for emotiﬁnai en&
-stimulus deprivatiom asg causeﬁ of infants' fa;luré to thrxVe. iﬁ a
. ‘rev1ew of the efféets of stimnius ﬂépravatian, Sénn (1961) statas thatr
HAlmost all stuﬁzeg of the past 30 years on the znsthtutiana care ”

have one postulate in cﬂmmont‘that the;absepcé of tndiy}guaa,
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pergonalized nurture of the infant has been effect of a dispase

or environmental dofect." Jones and Thomas (1956) on the basis

of work by Le Gros Clark and other neuro-anatonists dempnstrated

in rats that the normal dondritic structural organigation of
neurones is dependent on the integrity of their afforent input:

a tlear example of the fact that functional and structural CNS
changes can be brought about by disuse. Rocontly, Powell, Brascl
and Blizzard (1967) described growth retardation in 13 children
closely simulating idiopathic hypopituitarism as a consequence of
emotional and social deprivation. The children were grossly under-
sized for age, and nutrition did not appear to play any significant
roley serum proteins were normels. IQs were below average range.
Growth spurts occurred with removal of the children to an enriched
environnent, and ceased when they returned to the hone environment,

These considorations introduce a complication in the inters
protation of psycho-~developmental studies on malnourighed children.
Whilst most authors have bean well eware of the influence of non-
nutritive factors, no one has succeeded in excluding them, Both
wmalnutrition and maternal deprivation can give rise to apathy and
depression in the child: this in turn may cause a roduction in the
quality and froqueoncy of infant cues on which hormal mothering
behaviour is partly dependent.

Further difficulties arise when the effect of parental intell-
ectual and educational iavel on the test performance of the child is
congidercd, The extent to which genetic factors are roesponsible is
not clear, because intelligence is not inherited as a single unitary
trait (Thompson, 1954)., A positive correlation betweoon maternal
educational level is clearly domonstrated by Knoblock and Pasgamanick

{1963) who give the following table 3
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TABLE 2

Developmental Quotient by Age in Full-term Infants

According to Race and Education of Mother

Education 40 weeks 3 years

of .
Mother White Negro UWhite Negro
{9th Grado 103 100 109 90
9th - 1l1th Grade 104 104 108 102
High School «+ 102 104 115 105

Further evidence for the maternal offect on intellectual
dovelopment is derived by Knoblock and Pasamanick (1963) from

the following tablet -

TABLE 3

Developmental Quotient by Age and Grade of Maternal
Caro in Mature control infants (After Drillien, 1961)

Maternal 2 3 4 5
care yoars yearsg years years

1, Best 107 108 110 118

2, Middle 103 103 103 106

3. Poorest 98 97 98 95

Further studies in Aberdeen, roviewed by Richardson (1968),
provided clear ovidence of a relationship between socio-economic
level and mild to moderate mental subnoruality, as opposcd to severe
subnormality which was evenly distributed over 5 social classes,
and associated with a raised incidence of CNS damage. Studies of
the maternal social background showed that wonen with an upper
social class upbringing have children with higher intelligence and

reading skills than women from a lower class background, evan though
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the social class was the same for both groups after marriage.

This author refers also to the work of Skeels in the 1930s
in which, by manipulation of the environment of orphanage children,
he demonstrated the influence of social factors on intellectual
test performance in children and on long tera educational and occup=~
ational status,

Malnutrition in children is usually associated with low maternal
intelligence and education (Martinez, De La Fuente and Ramos-Galvan,
quoted by Cravioto, 1966) and this may indeed contribute to the
development of malnutrition in the child. Family size and position
in sibship can also have an effect on intelligence level (Biesheuvel,

1952; Carter, 1962).

5. Limitations of Animal Experiments in the Study of Malnutrition
and Intelligence ' ' ' '

Animal studies, whilst contributing some useful data with regard
to causal relationghips between isolated variables, fail to account
adequately for the complexity of variables in what is a distinctly
human problem, One reviewer comments thusi "“The rat may not represent
a suitable model for the study of human development, nor do the
experimental conditions resemble thoso encountered among malnourished
infants." {(Cichenwald and Fry, 1969, p.64S).

Animals may be experimentally deprived of nutrients and calories
in various combinatione to produce varying degrees of undernutrition
without necessarily deoveloping the discase syndrome of kwashiorkor
with its pathognomic features. The internal metabolic state of the
undernourished animal does therefore not roduplicate that of the mal-

nourigshed child,

Hansen and co-¥orkers have stressed the invariable existence

of a synergistic relationship between malnutrition and infection in
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human populations (Wittmann et al., 1967; Hansen et al, 1968).
The lack of infection in animal studies is a factor of unaccounted
for significance.

The infinitely complex and variable influences to which develop-
ing animals and humans aroc exposed in the form of varying physical
and biological environment, and the process whereby lasting changes
in physiological and hence behavioural patterns are produced, has been
termed "biological freudianism" (Dubos, Savage and Schaedler, 1966).
In the mouse colonies studied by Dubos, these influences included: =«
the effect of indigeneous microflora on food utilization; the effect
of maternal diet on growth of the youngy the affect of early sub~clinical
infections on physical growthi and the effect of nutritional status on
resistance to infection. Early sub-clinical infection produced a
similar depression of growth and ultimate size as did suckling from
underfed mothers.

Added to factors in this category are those of the psycho-social
environment, which may be relatively more influential in huoans than
in aninals; but the assumption that these factors aro morce readily
controlled in animal studies is not always borne out, For example,
Fratikova (1968) in a series of sophisticated rat experiments of multi-
variate dosign attempted to study the simultaneous interaction of
nutritional deprivation, litter size and handling. Howover, the design
failed to account for the effoct of litter size on tactile stimulation
(both by the rats in a relatively roduced space and by more frequent
entry into the cage of the handlers' handj) on exploratory behaviour
and onh conpetitive behaviour,

This saries of experiments also raises the difficulties in the
evaluation and interpretation of behaviour as the dopendent variable
in animals, Thus Prankova interpreted increased exploratory activity

of the rats on low-protein diets as reflecting a higher level of
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excitability in the CNS. This was regarded as benoficial in that
it represonted an intensified response to the environment, Collier,
howaver, in commonting on these results suggoests that activity
involving substantial exponditure of energy can affect growth and
survival and is part of a regulatory mechanism for body weight and
composition, 1In this case, increased activity may be regarded as
& physiological response to an imbalance produced by the dipt,
rather than a beneficial offect resulting from the diet (Scrimshaw
and Gordon, Eds., 1968, p. 323).

Barnes {(1967) quotes studies in which the water-maze was
used in order to avoid the confupion of a food reinforcement being
used with animals which have an altered drive for food as a consegquence
of earlier nutritional deprivation, No significant differences wore
found in water-mago performanbe between rats fed high~ and low~
protein dietss Similarly, defascation cannot be accepted as a valid
index of differences in "emotionality" in the presence of markedly

different dietary regimens,
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CHAPTER &

The Present 5tudy

1, Genoral featurcs

The gonoral aim of the present study was to investigate the
cffact of severe protein-calorie malnutrition during infancy on
agbsequent intellectual development. Many indications for the fornm
and direction emerged from the studies described in Chapters 2 and 3.

Several woaknesses in previous field studiesg are apparent,.

None of the invosgtigations were done blindly. All used extra~faunilial
controls which neant that the experimental and control subjects had
boen exposed to differesnt environments., The differences found could
thus be accounted for by the differences in stimulus quality and
quantity of the children’s environments, Furthermore it could be
postulated that the experimental children becane severely undernouriszhed
because poor adaptive and motor hehaviour placed them at a disadvantage
in a competitiv& family group. Thus the studieos possibly contained a
built~in selection for primary mental subnormality. This hypothesis
could be applied particularly to the finding of Cravioto and Robles
(1965) that those children vwho became acutely i1l before 6 months of
age showed the least improvement in test performance during rehabillit-
ation, This hypothesis could be testod, and the non-nutritive environ-
mental factors adeoquately controlled, only by pailring intra-familial
subjects and controls,

The most important feature of the present study is the use of
siblings as controls, in an atteopt to control the many non-nutritive
factors which play a part in the dotermination of intelligence level.
It is not assumed that siblings are exposed to the same carly onviron-
ment: howvever, this is likely to be more constant and similar within

one family over a period of a few ycars than between different families
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Iover F1 period of & féw monthso QT*f' o
| No ?reviouﬁ study hasfcompafed malnourisha& chiidren wath their
siblihgs in térms-ﬁ£ 1mtéiiigéhé6g *Thé'?fﬁbablé;féﬁﬁéﬁ £b§‘thisuﬁﬁ
i§a§ £h§ éibiiégé 6£‘ﬁﬁiidféﬁ“ﬁhbi@réééntfwifﬁ'aﬁjééﬁtéfépisbﬁé°§f;-
pen are bfﬁéﬁb%isdfbéiaﬁ the optidum in hutfi%iaﬂai“@ﬁﬁtué@;*iﬁé@
\Stoeh aﬂd Smythe (1963) béliev&ﬁ that oniy by cbmpariﬁg thé extreme
fcases on @ nutritlﬂnal dpectrum coniﬂ any signif£cant ﬂifferéncés be
sdemoﬁstraigdsv But the effeetive nonunutritiVE factors coincxde with_#,
the m:tritive factors, makzin“g control ‘extréﬁsew diffieutts For o -
v;éﬁémﬁiéqféiach.aﬁa‘émyﬁhe‘@ cahti&i'@?&up”héé*tﬁé:b@ﬁéfi@'@f Nurééfy- 
‘ Schaal experieﬂce - a factor which can appreciabiy affect the chzla'sf
erformaﬂc@ on ah intelligence test (Grover, 19;2).;‘"'

o Kwashxofkor is the aévereét form of protein-calor;e malﬁutrituons
,vtwo studzés have Buggested that kwashﬁorkor rotards ﬁnteiléctual ﬂeveiopﬁ K
ment an& several workers have proposed mechanisms whereby a protein
ﬂericiency cah epecifically interfefé with CNS aevelopméﬂta A nnmque
‘opportunity to test such an hypétheszs vas. p?oviﬂeﬁ in Cape Town. by

the existence of a large gro&p of kwashiorkor rehabilitéeg Whose social
;an& medical status has been followed for more than 3 deeadéc,'mhé.h_‘
péyﬁhﬁlngigal5téstsgva&uatian‘bf,ihééé,éhiidﬁén'ﬁeéméa,vaiﬁaﬁlé'asy.~
réﬁfééé&%iﬁgfa:Eén%riﬁﬁiEéﬁgislthéwﬁaéﬁfe iﬁfﬁrﬁéﬁi@ﬁ“ébﬁﬁérﬂimg»ihé‘,,
%éiaﬁibﬁéhi§ ﬁE£Wéén,eé?iy'mﬂﬁriﬁiéﬁél_&éfiéiéﬂéy~@ﬁ§‘iﬁﬁé}1@¢tﬁg;-*
dev@lbpménto_“' | Lo | | |

The Weaknesa seen in the previous studies af chiidren malnourzshed

'

, %ased were fot capable bf bexng disprbved zn actual practzca.h-rhis‘.

arises from the nature ‘of the tamtrol grnups (where these ware 1n fact
incluﬂeﬂ) };nwwhi¢h,a'number‘af var;ableé‘yerq;bparat;ng inﬂqpenﬂentlym
possibly accounting for the Variations betwesn the ezperimental and.

’eaﬁtrgiﬂgrpupég':Eﬁé,ﬁésﬂgﬁ7of“tﬁé.ﬁrégghi study ﬁ@s_gﬁchwfhat;§h§~,
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hypothesis on which it was basod could be disproved, viz. that

infants doprived of dietary protein during brain growth are significantly
less intelligent than those who had not been doprived in this way. A
correlation of 0.5 - 0,6 is normally found between the intelligence
gquotients of siblings. The nul-hypothesis was thus formulated that
there is no significant difference between the intelligence test scores

of childron who suffered kwashiorkor in infancy, and their siblings.

2+ The Sample
Experinental Group?

The experimeontal group consisted of 40 Cape Coloured children
botween the ages of 9 and 14 years. The primary eriterion for selsction
was that the child had been hospitaliped at least once during infancy
for troatment of full-blown kwashiorkor as defined by Hansen (1968),

A secondary criterion for selection related to the selection of a control
group, viz., the availability of a like=sexed healthy sibling whose date
of birth was within 2 years of the subject and who had never shown
clinical evidence of severe protein-calorie mplnutrition, An attempt
was made to select children in whom the initial episode of kwashiorkor
had occurred early in life (within the first year) or late in life

(after 18 months of age)s The age on admission to hospital cervod as

an index of the age of onset of kwashiorkor,

Control Group:

The control group thus comprised 40 Cape Coloured children aged
8 to 15 years, each being the nearest in age and of the same sex as
the experimental subject, but without any past history of kwashiorkor,
Children were not included in this study if there was any doubt about
the paternal and maternal parentago of both subject and sibling.

In all cases both subject and sgibling had 1lived together under

the samoe social conditions for thelir whole lives to date, Children in



foster parent carc¢ or adopted children wore included only {f
both the subjoct and his/hor sibling had been placed with the
sane foster parentes or adoptivo parents at the same time,

The oxperimental and the control groups thus resembled one

another in terms of parental factors, age, sex, socianl, economic
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and omotional environment. The independent variable was PCM to tho

degree of fulminating kwashiorkor.

3+ The Test battery

The battery of tests was pelected to give a picture of the
children's prosent overall intellectual perforuance, Because no
standardized test oxists for Coloured children in this age group,

it wvas decided to apply the New South African Individual Scale, &

battery recently standardiged on White children in South African urban

*
and rural aroas, This had the additional advantage of making the

results comparable with those of Stoch and Smythe (1967)e In addition

the Goodenough«Harrip Draw~A-Man test (Harris, 1963) was given, partly

because of its value as an introductory technique in theo establishmont

of rapport.

The New South African Individual Scale (Natiohal Bureau of
Educational and Social Research, 19 )

This scale is pimilar in construction to the Wechsler Intellig-

ence Scale for Ghildren (WISC), The battery comprises 9 subtesis
(5 verbal, 4 non-verdal) as followsie

Yocabulary -~ a picture~-type test using a total of 30 vocally

presented stimulus wordsy the tost thus requires the perception

and integration of an auditory stioulus with a vigual stinpulug,

Comprohension - ton questions rolating to everyday life situat-

ions and customs., Responses are scored on 3 levels of gualitat~

ive differontiation, and are thought to indicate "judgeowent® or

. .

Special pernmission for the application of this Scale to the
sample was granted by the Director, National Bureau of
Educational and Social Research, Pretoria
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"common sense" performance in which both emotional and
intellectual functions play a part,

Verbal reasoning ~ a similarities test, the first two items

of which are in analogical form. Responses are scorad

according to Rappaporti's levels of reasoning, i.e. abstract,
functional, concrete. Porformance on the test depends on the
ability to distinguish botween essential and non-essential
einilarities, to generalize and think abstractly.

Problens -~ 15 verbally presented arithmetical probleas,
considered mainly as a test of concentration ability., Succossa~
ful performance is dependent on training and the score thereforo
reflects level of school achievement.

Memory - & test of recall of peaningful verbal naterial vocally
presented.

Pattern coupletion - performance requires free response in the

complotion of 16 partially completod designsy time may bo taken
into acecount in scoring. Visual orientation as well as ability
to concentrate is involved in performance.

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

synthetic ability and especially the ability to solve problems
in spatial relationships. 5coring may include a time factor,.

Absurdities ~ similar to Wechsler's Picture Conpletion subtest

but containing incongruities as woll as omissions.

Form Board « an adaptation of the Leake-Smith Form Board and
congisting of 6 figuress threo of 3, and three of 4 loose

coloured pieces, Scoring is baséd on tinme taken to complete

each figure. The test ip regarded as an indicaticn of gualitative
aspects of intelligoence and of temperament factors in the solution

of concrete problems,
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,ultimately it may ﬁe pussiblé tﬁ convér% thé raw scorég nbtaiﬁeﬂ

71&? the presenx sampla to apprcpriate narmaiizéﬂ saarés, gaihing
 £urther Vaiﬂabl@ data retfuspéctiVelysv" .uﬂ~4ff* )

";@hé'HQ??iS“Goﬁﬁéhﬁu“h DraWah“ ?és£]

_ A8 a depafture fram thé out&a&ed notion Of unitary iﬁ%eiligence,
ifﬂarris (1963) ravisﬁd the weil-knawn Go@denough Draw~AaMan test to
ﬂé?éiuﬁt@wﬂxﬁtéii{‘tﬂ@lwméturit?“iJ ay tha@ris méaﬁt xhé;ﬁﬁi@ﬁtyutﬁ
.form cancepts @I ah increasingly abstfact maturéa *@h&éé_iﬁﬁéiiﬁﬁﬁ
| comprise thé pféCéSB or cnncept formatxOﬂ, viza B
(19 the ability tb pérceivé, i.ea to &zscriminate likeh ."s
an& différen&ésa B | a B '
{2) the ability to sbstract, iaéa to ciw}éw objectgaccora. |
? ?-in§ %6‘@éfééivé6riikéﬁééﬁéé'ﬁdd.éifféféﬂéééiaae,-
'fB}”ﬁhé abiiity %o generalzaé, i.é. to. assign a newiy ﬁxpérféﬁéed
Jobaebt to carreét ciasa, accar&ing to tha dincriminattcﬁs
~:ma&é§'.a chaiﬁ!a.erW£ng.@f-aﬂy~nbéect wiilvrév¢a1~thé_
| diseriminations he has made about that. object ot belonging o
& elass, iaéslfﬁéfiév@1 §f*hi§ éanﬁéytuéiamatﬁrﬁﬁy;faﬁéfhﬁg
' caﬁcept of such a frequently anﬂ univarsally expermeneéﬁ
ohaect &8 a- human b&ing provzdeé an index ot %he grbwang ébm-
‘plexzty.uf hin con epts generally, partzculariy as it4?equires

-intégrataon af aercﬁiVé and uognntive elements'“'

The éréwings réqniré& are %h@ ¢hiiﬁ’s freé respoﬂseg tuithe




bl

fequests . M"Make. thﬁ Very. best pittuie. ycu can“vmi (1)“a man; ®
'(2)"& woma” tand - (3)“ yaursélf" Emphasis i placeﬁ on. thé thale mant
“wumam" oy "seif"

' The formal and strucﬁufal elements. 6f the drawiﬁgs fare stored
: b&shcaily on 3 1eVeis, vizs - preﬁencei &1mensa6nﬁ@ aﬂﬁ prapﬁftions
T;Raw scores are cbﬂ@ertad to . Btan&nrd écﬁ?es far the. a@é g?éup 3 « 15
. yearsa stan&ard scores on the man aﬁ& Wﬁmaﬁ 6rawing are averageé and

~Gan: be éanverted té percen&ilé raﬁﬁs. <5'

The téét is particularly uséful in that it 15 hﬁﬂ-threaténing

"’tﬁ childreh; admints&ratibn and sécring is rapia, féliahility an&

1’va1 dity is hﬂEQEat96 '-_1*? R f:t\-' - %{~."3 a\£ s-s«‘”
. A verif;éati@n bf this. tést has been éa?riéﬁ aut §n Sﬁuth Af?bca
on & populatzon of Hhite schaﬁl'éhimdren By Strumpfcr ana Mienie
- {1666) nﬁiﬁg’ﬁhé N.SaA 1a8a - Th@y found réiiahiiity noeffﬁa ents of
‘~0.88 Yot the Maﬂ Séﬁla ané 6.92 £a? the Womaﬁ Scalé, bY the spiit
~ﬁaiv&g Eéthdﬂi Lﬁw. but statigticaliy'eigaificant, ﬁofrélations
“ware f@und betw&éﬁ thé Goodénoughaﬁarrus stores and NSEIS Subteatsg
~ the highest toefficaemt of .61 waﬁ obtained bétw&an the Man Scale
.:and the Nonsverbal . Ialon the N5A15° Geﬁerally, correlataoﬁs Were
1ower for the: Woman Séale than the Man. Staie which confirms Harris“v
statément thatd “Poeéibiy thé Point Scale methoﬁ 63 scoving thé
Woman figﬁ?é ig ﬁdt auité~a@ réveairng-of ehaages in;psychniogical
‘maturaty as’ is the man fzgure" {ﬂarriﬁ, 1963, e 119)a In the .
':present study; ohly khe Man scale wag - finaliy uééd as $imé dxd not.
always permit tha enmpietian @r 3 drawings By the chiidrehs

- The' ﬂrawings were -also 3ub3eét1vely aaseseed aecor&ang 6. .
thé conflict indxcﬁtnts of Machcver (19&8)9 vng. omiesiﬁns, éxcessive

 <erasure3, mafked Bhaﬂing and sexual symbolism. Thé aéséésmént was

- done. blin&iyc the ﬁ?awmngs in which there wers marked xﬁdications

of emotionai disturbanc@ uere sglected aﬁd 1aenti£1ed 1aterc

e
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4, - Progedure

festing of the children'was begun in Maréh; 1068 ‘and contitusd
hpoigh May, 1969 | | |

. c'oﬁﬁui-'ms« ‘in"the test situat i-en ‘wers kept aE constant as
A@ﬁséiﬁié. Sessﬁéns were ‘all heid® xn the afterhoon; in the. Psychiatric

Clinie of the Red Cross War Memorial Chaldren‘s Héspztal. @héwdhiid-

*-ren’were tested’ ;ﬂd&viﬂaally by the Bame examaner. A»aﬁﬁséeﬁfﬁﬁﬁfhign'

ﬂsabling were %ﬁsted on the Batie. 6&?;’the Gfder in Which théy w@ré
 tested was aetérmineﬂ by- flipphng ‘4 cbing The battery of- testg Was
-&ivnﬂed anto twa roughly«egﬁal pﬁrts, 8o that eaﬁh chﬁid had & vest
. ®ér1bﬁ‘6f at least 60 minutes bﬁtﬁééﬁ pariég”whgﬂ‘&hé“ﬁi?ﬁt‘@éftmhaa'
 been conpléted by both children: they joined each othor for & i5s
’fnﬁnute ‘break . during which the? wete: ngan fruat cordial nnd hi@éhit3¢
ALY testing and seoring was done Elin&iy - thé test scoré shéets '
Were ¢odcﬁ ana shutfiea before Scéring, and’ “the group assignment of |
the children was not revealéa to thé axamzner by thé collaborator |
>“untzllaizér‘whé quotiénts had been ealculated. @ﬁ@:ﬁi ﬁud‘schalasﬁié'
ﬁatéfﬁéfé.éiﬁd'ﬁévealéﬁwohlﬁ after ghe finﬂi.ﬂuotiéhﬁéfhaﬁ’hééh
caieulateﬁa ‘ | _ ‘ | T
‘ Standing height, wexght@ ﬁhﬁ head eiréuﬁféremce Were meﬁnurea
k on each child at- the end of the ' testxng aessicn. The~Bbst0n Qﬁowth
charts wers uBéd‘&E ?éféréﬁﬁé’@tﬁhdﬁfdé far'h@ight*aﬁﬁ'ﬁéiﬁﬁ%a
Children &t oy gbove the 3rd percentile (aqﬂivaiént té BD% cf
'@xp@ctédfhe ght or weﬁght for ége) were regardéd as hav1ng attaiuea
- nurmal — ,'4T ;_i; - uﬁﬁ‘. e e
Sociéi ﬂé.ta were Bb%mmeﬁ by a tfained $ocia§ Wox‘ker who haﬂ

been in constant tuu&h‘wrth-the~£amil;@s:over‘ﬁhgnpaggflﬁ'yearsggj"*'

‘The social conditions under whieh the family 1ived were yated on'a

| 3apoint Scale, the' intervalé being described as' Wialely poodti (1),

I



435 :

dpoortt, {8) end Mvery poor® (3)s  Scholastic data wers obtained .

~£§§ms§§éﬁgn&;@ﬁs_géhaalﬁpriﬁcigai¢by mesns of & guestiomnaites ... .

Bighteon children had EEGs as part of an eaflier investigations

th@;5Lpha,;ﬁa§§5wﬁ§:u9éﬂ-aﬁ,agmea@yré.@i-mgiuriquaf;@pgﬁiﬁéié RO

rhythr (Evans and Baraitser,; 1968). . Blectron

fﬁaéupéﬁgagmeﬁ,ﬁn;aﬁﬁicfgiﬁﬁi,cémﬁﬁt@r, Multiple tetests ang. . -

¢ dote processing . .
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Results
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CHAPTER

Réﬁﬁit@
The means and staﬁdard dev;a@inns for the Experimental S
(Rwashiorkor) and Control (ﬁibling) Graups are summarized An

the follbwang tabié 3

LY S K B v HEN N : RN o .. P

- TABLE

-***f*ﬁ?i%
e e Fkashiorkor | BiBLang o f o
: . ‘» ‘vai.iable - ; . ‘:» = SO t,,,; it , _ :,,,,V ,_,...-.‘_ A_._..,,,:; o
Cotert T Mean 0 84De | Mean | s,nsf“ o pe o

Lot s

age (sears) [ 110107 140k | 10099 1;8?'
| Intsliigence Scaré“‘“ 97437 15482 | 77467 1085 0,16 .

Verbal Score r{jw,;  ?81s57'“i?§g2¢ 301.42;‘;1;;~- 0.07
i “‘ | '. ?7. - .v.l o
, “Harris Seoré g f'“f'-?5§52 ff”fff‘ i79@§255V &C
Melght % Normal'. | 73+65: 1078 | 7ke34. 11412 |,
Height % Normal .. 189,92 5.57 | 902k * 6.0k | o,

| ”'Head circumferencé H‘é@.26' wﬁ;@O‘ 26017‘ff¢g&§7'}'f¢
. (inﬁ) . { A ‘ l","?%:': - N :\"b':"“"".- «M i

position 0 Sibsmpf’ L0z 3435 | 4.6? EEART

':'Weight on D&écharge Teoae soana | @ w i w 1 iff;ﬁf;f"
' (% Normai) ok 6?335?:;aﬁ93=:=‘\”%. coet zéﬁga:g:-u.xau

Thé'd1£ferance between tﬁévéféﬁpﬁfin:mééﬁVhéé*ﬁ%théaiimé“ﬁff““
'teéting wasvﬁot sigﬁmihcant; ?‘.ti?ff' P R e

1

.New South Afrxcan Indzvidual Seale Ny e “F“Vﬁﬁfj'

‘Ne signifirant diiferenccs Were found betweenvéxperimeﬁtai
sabjects and éntrﬁlssdﬁ Fuil Scéléjxntélligéneé-Sé@rei-Véfba1»5écre~:
' or Ncn~Verba1 Score of the NSAIS. Théféfwés'a_poﬁiﬁivévééﬁféikﬁibn
bf'ﬁgﬁé %étWeeﬁ sn%jects ané siblings on Fuii Séﬁie>$céﬁés'
| No significant differenceslhgtween the groups were found on
‘-bthe Subtest Scores. The correlation between Intelligence Scoré and
aegré@56f geciel gathoiégy@waéjﬁc§&3 in the Experimental Group and

0,37 in the Controil Groups  Lovw népative correlations were found



betwéen Intelligenee Score and family size in bath g?oﬂpﬂ.

‘ﬂ'frisﬂGooﬂenuuﬂh Drawg_g Test

A signif‘icmt difference wap found between subjects .':aiiii":‘éo*ﬂjﬁ?bié
o the Harris ﬁraﬁing Sﬁafé'(p'<a®gﬁ23@ The ﬂarr@i@iién‘ﬁetﬁeéﬂ
subjéets ana siblzngs was 0.8&. AJéé??éia%iéﬁ*ﬁf~@d62 beiwééﬂ”Harri§
Score and rull Scalé Intelllgénce Scoré was fouﬁd 1h the Control Group
aﬁd‘Q;@?:@p;the E$§éfa@enta1 Grnupg: similaf torréiﬁtionswwere'faunﬂ _ 
in bé%h gwéﬁﬁs‘far biivﬁﬁﬁﬁééﬁ%‘ﬁf thé~ﬁ§ﬁis éﬁcépf for the Fé%m Eouﬁd
in the Experimental Group, whére the cbrrexation was lower (0.33).

Of the 1& drawings seiected a8 imdicating marked emotmonai

distarbanca by Maehover's (19&8) eriteria, 9 were froo the Experimentai

A

Group nnd from the Control Grou;- S

Twentythb chaidren in th@ Experimentai group and 41 Control
chmldren wera bélow thé 3¢d percentile fof height on- the ﬁoaton growth :
chart@a The fiean Inteliigenca Seore achxeve& by thése chaldren did mot .
differ significantiy rrom tha Meah ‘Store obtain@ﬁ by those chiidren who |
'fhéd attained the 3rd porcentile xn«eithér of the groups {t = 03,
Ekperlmental Greup; t = 1.01,v00ntr61 Group). | |

Nor was theré any sxgn;ficant différénce between the tWQ graups
for“ﬁhé Mean Intéliigénce Séofés obtainea by chzkdren abova-mnd childa
"ren beiow the 3r& percéﬂtile in heighta The mean perceﬂtage éxpected
: height was 89.9% in the Experxﬁentai Group and 90.2% in the Control
'*Group@~ The ﬂiffereﬁce vas nat s:gnificant (t & 0.03).

. Height

' éiﬁiééﬁ‘bf the Eﬁﬁé%fméﬁﬁai éub5éété ;nd.iS‘Cbﬁtébi eﬁiiﬁréﬁ‘f
were bélow the Brd perééntile im Wéight fﬁr age at the tzme of testing
_'bn the Boston ﬁrowth charts. There was no slgniticantldxfference in
éither-of the graups between the rean inteiligence acore af those

t

ch:ldfen QBOVQ an& thoge children beléw the 3rd percentxle in weight
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(t = 0.24, Bxperimental Groupy t « l.57, Control Group)e The
difference in intelligence score was not significant when Experimental
subjects who were below the 3rd percentile were compared with Control
childron who were bolow the 3rd porcentile (t = 0.68). No significant
difference in intelligence score was found when Bxperimental subjects
and Control children wvho were above the 3rd percentile were compared
(t = 0,68),

The mean percentage of expected weight was 73.6% in the Expere
imental Group and 74.3% in the Control Groups The differenco was not
significant (t = 0.3)., No correlation was found between the porcente
age of expected weight at the time of discharge from hospital and
Verbal, None~verbal or Full Scalea Intelligance Scores in tho Experimental
Groups. The mean porcentage of expected weight on discharge from
hospital for the Experimental Group was 67.85%. No correlation was
found between Intelligonce Score and percentage of expected weight at
the time of testing in either of the groups. A low negative correl-
ation (~0.29) was found between percentage weight on discharge from
hospital, and the degree of eccial pathology.

Head Circumforence

No significant differences were found botween Experimental
subjects and Control children in head circumference (t = 0,983
P ? 0.05)e The correlation between head circumference and Full Scale
lutelligence Score was 0,24 in the Experimantal Group and D.11 in the
Control Group.

Alpha Indoxvof the EEG

The alpha index (porcentage time that alpha rhythm is present)
did not correlate with Intelligence Score in the 9 paired Experimental
subjects and controlss There was no significant difference between

the subjects and controls in alpha index (t = 0.93,
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"éggﬂpf;éngét;pf,Kwﬁsﬁinﬁkéf}'u

| ﬁ‘ﬁégéii?é'ﬁ@freiatioﬁ‘6f aO»BB QCﬁuireﬂ E@ﬁw&eﬁ-thé'ﬁﬁéwof:A
thc chmid on adm1ss§ """ to hospatai anﬁ the rnll seaxa Ihteiligénce o
_ Sc@?e inwthavExper&m@ntal-ﬁroups The mean age - at- fxrst admissian
;Was,iéq6~§oﬁiﬁ%'19.ag 9.6} (One child was admitted twice = aged
35?éaﬁihé-aﬁdﬁa6lmaﬁtﬁé)h1 | . |

The sample was.then d;vxded intb 2 subsamples on ¥he basis of

.ﬁgéfbf-admissaon ta*halpitalo Subsampie 1 ¢onsisted 6f 19 sudjecta
who hﬁ&fﬁéén a&miti@&ib@tween the ages 10 ~ 15 months, and theis
. ebniraisb~ Subsampie‘Ii éongié%ea\cfﬂai gubjests admitted bﬁiw@éﬁ'
the @9@5»16-%*§B~monthé and theirféenﬁﬁélﬁi Mean Full Scale Intelligs -

encé Scores for the subsamplés are shown in the following tablet

AR e AT

Age on admission Inteiligencé Sd&re -

Kvashe ‘ISibo"" Kwaﬂh.‘. sib, % b

. Subsample I

N = 19 pairs

Subsample II

10 = 15 &

months

. 84& 7

70677 732

32‘56

ﬂ;?é.ﬁps.

N = 21 pairs | months

:mhé-difféfeheé’hétwggﬁ.tﬁévEX?é?iméhtai and Control groups in
eithé%‘ﬁf the 2 suhéaﬁpiéé vag not @igﬁifﬁéahtc‘iﬂﬁﬁéféfqvﬁighifiﬁﬁﬁf
4différehCe8 in Fu11 Séaie ihtélllganté Scores between the 2 sabsamples

were found in hoth the Experimental and the cOnirol gronps.’ The data

weré subjeeted to further anaxys;s in an attempt to elﬁcidaté th;a .

”'fiﬁﬂing.

'

No signifﬁcaht dxfferencéﬁ betw@en the 2 subsamples in either
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of the groups were found in percentage of expected height, weight
or in head ecircumference, family gize or position in sibship,

In both the Experimental and the Control groups, significant
differences in Verbal Score and in dogree of social pathology
between the 2 subsamples were found.

In the Experimental Group only, significant differences
betweon the 2 subsamples occurred in Full Scale Intelligence Score,
Verbal and Non-verbal Scores, Harris=Goodenough Score and all NSAIS
Subtest Scores except Memory, Blocks and Form Board. Because the
subgamples were not paired or matched, comparisons are not valid.
Inter=group differences in test scores were therefore looked for

within the 2 subsamples. The results are shown in Table 6,

TABLE b6

Mean Test Scores for Exporimental and Control Groups
according to Age of Onset (admission to hospital)

Subsanple 1 ‘ IX

Group Kwash. Sib, Diff, Kwash. Sib, Difsg,
Verbal Score 89.6 87.5 N.Se 7'&.3 71.0 N.S.
Non=verhbal Score 82.8 80.4% N.S. 72.8 7’&.'& N.S.
Full Scale Score 84.7 83.6 N.S. 70.7 73.2 NeS.
Harris Scdi‘a 82.3 8’*.8 Ne.S. 69.& 75.9 ; : 26?301
Vocabulary Score 9.9 10.2 N.S. 75 8.3 NeSe
Comprehension 9.6 8.5 N.S. 6.9 72 NeS.
Verbal Reasoning 10.3 9.6 N.S. 8.4 8.0 NeSe

h t = 3.0;

Problems 7.’* 7.0 N.S. 5.2 6.1 pP = < 0.01
Nomory ) 6.7 6.7 N.S. 5.2 5.0 N.S.
Patterns 7;’& 6.9 N.S. 5.6 5-6 NaSe
Blocks 79 7»3 NeS. 6.9 Te2 NeSe
Absurdities 8.0 8.1 NeSe 6.8 6-’* NeSe
Form Board 7.2 7.0 N.s. 6.2 7-1 NeSe
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The differences between the early-onset and late-onset
groups wverc thus eliminated by the controls, but a significant
difference between Experimental subjects and Controls on the
Harris-Goodenough Test and the Problems Subtest emerged in the
late~onzset subsanple. |

Scholastic data

Dota concerning performance in school was available for 140
"o0f the Dxperimental subjects and 27 of the Contfol children,
Three children (2 fron the E;perimental group and 1 from the
Control group, were in Spocial classes for childron of subnormal
intelligence). Fourteen Experimontal subjects (46.6%) and 9 of
the Control children (33.3%) were above thg average age of thair
classos.s Ten Lxperimental group children (33.3%) and 11 Control
children (40,7%) were younger than the average age for their classes.
Four children (13.3%)) in the Experimental group and 6 Control child-
ren (23.2%) vere average in age for their cleasses.

Scholastic achlievement was sgtrikingly lower in the Experimental
subjoctn of the late~onset subsample when compared with the control
group. In the early-onget subsaaple, Ezperimental subjects and

Control children were equivalent in level of school periormancoa

Soclal data

| The wean rating of social pathology on the whole senple was
nat, i{,e. "poor" mocial conditions. The mean number of siblings
in the familics sampled was B.h; the range was from 2 - 17 siblings
per family, The nean soclal pathology rating in the early-onset
subsanple was 1.8; and 2.3 in the lateo-onset subsanples The

difference was significant (t = 2,193 p € 0.05),



CHAPTER 6

Discussion and Conclusion
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W SRR

‘.ﬂiscﬁséi@ngand,Coméiﬁsian

ﬁiECussxon of the reaults of this study is faciiitatéd by f
the following diaprammatic’ representatzon of the variahlest"

DIAGRAM - ,,fw‘:;nonis __CAUSING _LOW__PSYCHOLOGICAL _TEST PERFORMANCE

T ‘ T LOW PARENTAL
[-:mnsc iDN - MATERNAL & SOCIAL . LOW PARENTAL
M

ALNITRITIG A / DEPRIVATION - INTELLIGENCE

APATHY

BRA:‘(N{DAMRGE S »s.p OOR  PSYCHOLOGICAL
o | TEST  PERPORMANCE

~in'th@~pfevioué‘studies.fébi@wéd_in\éhapt@r g,b&rain damage
reﬁu;tiﬁg,ffbﬁ.pratéinscaiﬁri@ malnutrition wagvﬁﬁéigiatéd ag the
cause of poor psychological téét~@érform&ﬁ¢é iﬁ:gr&ﬂﬁ§ of-¢§i1dﬁéﬁ
nrehabiiitaied.aftérkmaraamus aha/a? kwaahiéfkaf%s Braiﬁ“ﬁamégé;
‘however, is aniy a£e'©f séﬁé?éii?ﬂfiﬁblés‘Which.éaﬂt?iﬁﬁtéd~t6.pobr
test éeffbfmante,‘othéfs\béihg thé‘éﬁathy-cf‘thé aéuf@iy.ill_@ri
,Suhabpt;ﬁaiiy nourished childy an impovéfisﬁea aﬂa.ﬁﬁnﬁgfimﬁiatiﬂg
's&éial gnﬁ,émbtiﬁnaivenviranmeﬁtg and‘1bw_paﬁéﬁtﬁ1 imté11iQéice level,
‘These factors also contribute to the incidence of PCMe In the present
study, the @faupsvaifféreé‘bﬂly in.fhatifh§4FCﬂiiﬁ,€ﬁé Expér&méﬁtgi _
group had .been of gufficiéhtvSQVe?ity‘iéwéaﬁéé an épiﬁﬁdéléf'fﬁlminatiﬁg
kwéahiorko: Téquifiﬁg,imﬁpatiéﬁt.huspitﬁi treé%maﬁt. ;A_cbnsiétént
signifié;néféiffereﬁcevin,the psychological téag performancé,bé§Weéﬂ
%ﬁ@ugfﬁupé<¢ﬁdiéwﬁhﬁs’méjattribuféﬂ»aifecﬁly:té7thé effééténaffthis
severeg- form of PCM an the CN8.; | |

- The results of this study showed no significant qiffererices in
Inteiligénce Score between the groups -of rehabilitated kwaahiorkor

subjects and their siblinQSa Nar were there any\ﬁighiftcant‘phy51cql
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differences between 2 groups., This indicates that the episode of
kwashiorkor itself had no significant offect on the intelligence toest
level or the physical parameters used in this study.

The finding of & negative correlation between the age of onset
and the Intelligence Score appears to be contrary to the expectation
of Stoch and Smythe (1963) that the earlier the insult, the more
significant would be the impairment of brain development and function.
However, as the age at time of hospitalization was used as the index
of onset, this finding may indicate a relationship between prolonged,
chronic PCM during infancy and later intellectual performance.
Conversaoly, earlier treatment and the initiation of long term medical
and social supervision may have alleviated prolonged, chronic PCM
in the family, and contributed to improved soclal conditions generally.
Thus both subjects and siblings of the early-onset subsample had
significantly higher intelligence scores than the subjects and siblings
in the late onset subsanple. Social conditions under which the late~
onset subsample lived vere also significantly worse than those of
the early~onset subsanple, as indicated by the significantly higher
social pathology rating in the former subsamples. This factor could
alsc account for the differences in Intelligence Scores: severity of
social pathology and Intelligence Score were negatively correlated,
Tho significantly lower Verbal Scores which lowered the Full Scale
Bcorep for both subjects and siblings in the late-onset subsample
may also reflect the significantly graafar degree of social depriv-
ation found in this subsample as compared with the early-onset
suboample. For example, Birch (1968) found in a Latin American
conpunity that the mothers whose children tended to grow poorly
spoke most frequently to their children in a local dialect rather
than in the European language of the larger communitys from the

first days of life onward, poorly nourished children tended to be
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exposcd to a cultural and linguistic environment which differod
from that of children who were growing well,

The findings which poséibly can be attributed to the effect
of kwashiorkor are the significantly lower scores on Harris Draving
Test ond Problems Subtest achieved by the kwashiorkor subjects in
the late-onset subsample, The lower Problems score may be a reflection
of thoe lower scholastic achiovement in this group, or may indicate
reduced ability to concentrate. The significant difference between
kwashiorkor subjects and theif siblings on the Harris Drawing Test
in the absence of significant ;ntelligence Score differences
suggests the interference of emotional or affective factors with
the childron's cognitive functioning. Harris (1963, p.25) quotes
studies which associated a discrepancy between Goodenough Score and
Binet IQ with maladjustment and delinquency; positive affective
states induced experimentally in children were shown to raise the
Goodenough Scoree. In a more recent study, Levine and Gross (1968)
showed that Harris-Goodenough Scores were significently lower than
¥W1SC and Binet 1Qs in a population of children referred for psychiatric
treatment,

The finding of greater numbers of drawings with signs of
emotional conflict among the late~onset kwashiorkor subjects lends
support to this postulate, Eight of the 14 drawings selected as
showing evidence of relatively marked emotional disturbance were
responses of subjects in the late-onset kyaahiorkor subsample. Only
3 vere identified as siblings of late-onset subjectst )} was from the
early-onset kwashiorkor group, and 2 from siblings of this subsample.
The poor scholastic performunée of the late-onset kwashiorkor group
could also be indicative of poor social and emotional adjustment.

The mean Intelligence Scores found in the present study



apﬁfﬁﬁiﬁétefcléﬁéiifté iheQﬁééﬁvihtéiligéﬁééiébéféﬁiﬁfsﬁaéh‘aﬁ&""
.Smythéfé-ﬁéﬁffﬁifgﬁﬁﬁﬁg’oﬁ'fhéféémé‘téét'bat%éfy'(5566% §ﬁ&tSm§thé§:'
'i967§. Low: intelllgence teﬁt ‘scéres in their marasmic group were.
assocnated in 8 cases with a reducéé BEG alpha indexj‘ﬁue‘xo‘q-f
damxnance of theta’ actnvity (BaraztSer énd Evang, 1969). “fn another g
invest:gationg~no;sigﬂifxcant.ditterence»was ﬁaund-in the méan aipha,

inﬁéﬁ‘ﬁétﬁﬁeﬁ'a‘iafge;gréﬁp'6f‘kWaéﬁioﬁkﬁé'ééﬁaﬁiiiieéé'ﬁhd‘Eﬁéié"”

siblings (Evans and Baraitser, 1968). Th@se EEG finaxngs corroborate

the intaliigence test finémngs in both ‘the presént study & d the
Study 6f Stoch and Smythe (1967). The~ﬁ1££efénées bétweéﬂ the gfbups
in. th@ latter stuay cannbt, howevar. be ascribed with confidenee to
PCM -per £e dues to the important nbn-nutrltive, snciai dlfferéﬂéés ‘
which éx&s&ed‘betﬁeen the marasm;c-and econtrol gronps§'
"'@hé:@ﬁaiulaﬁe that in some of the @ﬁévidﬁé‘ﬁtﬁé&éd‘(réﬁiéwéé
in Chapter 3) primary mental sﬁbﬁdfméiit? may.hQVQ-é#ﬁf?ibﬁ%éﬁ“téﬁard'
thé]aééﬁrfeﬂcé~a£,RWa§hi6fkof;.&@ not Borhe<9ut‘b§ ﬁhe findings of
thé-éréééﬁt:ﬁﬁuﬁyi Againg hﬁﬁeﬁer; the péssiﬁiiiiy'isihaiﬁtaiﬁéd'
that the results of those gtudies may be ﬂue to the inrluence of

,uncontrolied nonsnutritive fac tors,
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CONCLUSION -

i%Thé Fé$u1tB‘éfvthis study indicate thét thére are ho
signifieahf.differeneés in intellectual development bétweaﬁ
thildren who sufferéavfromwkwaﬁhiﬁﬁkbf early in infanci (ﬁnﬂef
1S-mbnths of age) and their siblings who had no such acute
-néﬁfitiénai iiinegsa_ ﬂowévér;:a~&éfifi€'ih,intélipétﬁai<maturity
wag found when the acute epxsoae br kwashmorkor haﬁ occurred
“'later in life (after tha age of 16 mbnths). which could haVé been
‘caused by interfe?ence of affectave factors in the children's

cognitive processesq

The possibility is not exciuded that thilﬂf@ﬁ‘wﬁb haVé
suffered very severe and prolonged nutritional déﬁ?ivatién may
- show iﬁteliaétﬁal retardation when*fﬁmparéd“with cﬁiiéﬁéﬁ*ﬁhﬁ
have iived under éimiiaf social clircumstances but have not been
_nutritionally depﬁivéé, The major ﬁbsiac1@>in imvestigéiing this
pessibility 1iés,in locating such a groups One possible way of
further testing this hypothesis would beé tﬁvéﬁmparé'CHiiaﬁéhvﬁﬁé
_are nutritionally deprived by virtue of an inféstinal‘maléﬁsbrptian
- syndrome with their siblings; making due‘él&ﬁwﬁﬁCQB fbf:ﬁhé éff@ét
of differential paréniél:attituﬁéé to tﬁeir hgiﬁkﬂ,gna_ﬂwgiiﬁ
" childrens No such @ystématic studies have been done, but the clinical
evidence so far is that Ehildféﬂ with_E?stiﬁ fibrésis, c6eiiﬁc disease,

-

- ete, are not generally imtelicetually ifmpaired {Graham, 1968).
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Examples of Drawings assessed as showing

a,relative‘absence;ofhemétionaljcqnglipt_

- All drawings are responses to the instruction to draw
' a man, Standard size paper, and pencils with rubbers

- weré provided,









Examples of Drawings assessed as sl
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ihe presence of relatively maxked_ematipnql,cqnflict

All drawvings are responses to the instruction to draw
a mane Standard size paper, and pencils with rubbers

were providedes
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4, Sibling Group - Late Onset Subsample
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