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Abstract 

Forty Cape Coloured children who had been hospitalized 

for kwashiorkor in infancy were compared with their siblings 

on an intelligence test battery at the lOth year of follow• 

up. No significant differences in intelligence teat perform• 

ance were noted. A significant discrepancy between the 

intelligence test score and the drawing score on late onset 

cases may be due to affective factors. The groups were 

similar in terms of height, weight and head circumference. 

The differences between well nourJ.shed and poorly nourished 

groups found by previous inveatigators may be accounted for 

by the independent operation of non-nutritive variables in the 

social and emotional environment. The use of intra-familial 

controls in the present study minimised these influences os 

well as possible genetic factors in intellectual development. 

1. 

Kwashiorkor is a protein calorie nutritional diaease which 

occurs typically in children under the age of 2 years. Tho disease 

wao recognised in the early 1930's, but only later was the nutrit­

ional aetiology realised. Today, kwashiorkor ia regarded as a well 

defined syndrome representing one pole of the broad clinical spectrum 

of nutritional disease referred to as protein-calorie malnutrition 

(PCM). In contrast to marasmua which represents the opposite end of 

the continuum, the caloric deficiency in kwashiorkor is not as severe 

as is tho protein deficiency. 

The idea that kw~shiorkor may affect the intellectual develop­

ment of the child is suggested by the marked apathy during the acute 

stage ot tho disease. 

Literature and Background 

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

of PCM. Increased understanding of the chemical pathology in recent 



a. 

~ears bas resulted in a clerked reduction of mortality due to the 

disease. The awareness of a growing population of rehabilitees, 

combined with evidence from animal studies on the permanent effects 

of defective nutrition on physical and CNS development has stimul­

ated studies of the intellectual performance of children who have 

suffered PCM in infancy. 

An early study by Kugelmass, Poull and Samuel (19~4) deoons­

trated a significant increase in IQ score of malnourished children 

aged 2 - 9 years, brought about by improved nutrition. Tho younger 

the child when treated, the greater tho chance of icprovement. 

Follow-up studies of children treated for kwashiorkor 

(Cravioto and Robles, 19651 Champakam, Srikantia and Gopalan, 1968) 

and marasmus (Stoch and Smythe, 196'' Cab~~ and Najdanvlc, 1965t 

Cravioto, De Llcardie and Birch, 19661 M8nekeberg, 1968) all showed 

significant differences in psycho-developmental and intelligence 

test performance between previously under- or malnourished groups 

and groups 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 to influence test perforcance. Many non-nutritive variables 

were 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. PCM 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 those associated non-nutritive variables, no one has 
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~uceeeded in controiling au o£ them s!mutta11eouaJ:y .• 
. :; . . ' . . : . ,' '·. ; . -.• . ,· 

Experiments on .labc.u:·atory. :~nimals ·~e .. s~mUarly, ~nconclusl.ve• 
. . , : . . . . . . 

• ! • • • 

~he evid.~nee that phy$1Ca:l. growth is,. pe~mantmt.ly reauced by. ear<ly 
', · I ' • I • , l ~ . "• \ • 1 • , ' ' ' ' ' ' : 

(lletary <t.etieieney. is unequivocable, bu.t rE:~.dUet!pn o.f gross quarttity 
- ' ' . ' . 

. . ' 

ural '11biocbemiea.l 1e~ni..onstt present di.fficult!:es in the ,establishment . ' .· ' . 
: ;~ ' 

ot relati<>nships betli:eert :strut:;tural ,.and CunctiOnfil e,spect .. lh ... J)if':ter"" 

enees in ·brain :orotttb rates .relative to .'birth bet~een .s:peeie·a ea11·s 

t'or eaut.i:on i.n ·extrapolat"ion :from atl:bnals to humo.ns., .,¢id tbe. evidence 
.. t. . • . . . . . I 

tor the operation oi .mot-abll)lif.: :tlif;!~h&nll.sni$ wh~r~by th~, .l3~:1ilifi. is pt:ot­

:ecte6 ,aga..inat dietary detle,leney i~ .impress~-v.e.~ t..tk~ tb~ human 

studi~s.; animal studies have not always be~n. a4equ~te1y ~ontro.l1ed 
'. ' 

whirch influence the devel~pme~t o:t st~ctura.l .and, lf'unction(l.i CNS: 

.~nar:aeteristies.. Furthe.r .c:U.fficulties ari~~. in ;:11~ evalu~ti.on and 

interpretation ot ardma.t behavi?ur as the dep~n~ent yariab1·~· 

The present inVi&stig.ation was :prompte4. by these eonsi<lerati.ons1 

together with the availabU i ty in Cape 'l'own of a ,large. number o.f . . 
.. i 

urbant~ed il<.wasl)iorkor r.ehabiU.teee whose mecU.eal ~ntt ,social progress 

had been ro:U.owed tor more than a decadth 

The .aim. ;of the ;p~e-sent inv~stlgation: was to investigate. the 

rel.ations'hip oetweon· .sevet-e PCM duri·ng £.ntancy and later int~ll·ectual 

dfi!V~topnu:mt. Th~ exp~rimenta1· g.I:"OUp consisted of ~ Cape Coloured 

ehHaren. ag~d. 9 ... 14 y.ears who had 'b~;Jen hospi:taU.~ed and. ':tre!ated for 
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subject.;· but without any past lilstory of lutashiorkor. 

By u$lt1g i.ntra-famU. tal cc;>ntrols we hop~d to aehibVe better 

control over general_ socio•eccmomic factors, ·especie.:U.r th~ early 

envtrotunenis and ala() po.ssibJ.;:~ genetic factors br ·tfl:tefiiotimee •. 

Children wer(:) excluded .tf there was any doubt concerning-their 

.. The New South Af'r:h:an lndividual. Seaie and th~ .harris orevisicm 
' . 

ot the Goodenough Test weee i.l&ninistere·cf lntUvJ.dua11y ~o· the cbUd ... 
t '•' .. 

· · , ren~ CondiU.ons ln tile . t'est sltuatiort :were k·ept as constetnt as 
t,·' 

lnfo.rmation on. the. 'soe.i.ai status ot the t'Elitl.Uies ·was aecumu1•"· 

. ate a and· details of :schol.asti.e performance w~rf! · obtained .on $0~ of 

the ·children. 1.Hght.een childr~n· {9 from •eaeh group} b~d EEGs ~e 

par"t. of an earU.ei:- sttt4Y• Multiple· t ... 'tests .and .correlation ·eoe:tti-c.., 
'\ ' .. 

ients were· comput~d•. 

Results 

· "lbe t'U.fferenee between ·the groups in mean ,age at the time of 

· testing was not· sigrtiflcQnt. .No stgnl.:ttc.ant di:tt~renoes wer.e f:ountl 

· between the· Experimental· a.ntl Control groups ln ·percentage o.f expectea 

· we.ight·, ·height, ·or in head eiireuinf:'.@rence. No eorrelatione \fere found 

betveert' these 'paratn~t·er$ . and in tell igen.ee scor~. «6. 'signific-ant 

· .tlif'.fererlce ·ceeurred in· tha EEG .alpha index between the '9 subject• 

· ·sibling pa:irs•: fh~ tne4n· percefiiag$ bf ~xpeeted weight. on ·di.scharg~ 

/ 
{ 
I ·eorreia:t:i:on (•o.,j8) was found bet'ween the age on aclmi.ssion to 

'. . / ·~ 

' . 

i 
Th~ 

mean i'l.Qe at adm~sslon to boepi:taf :was 19.6 montlis' (s.·d. = 9.6).. 

i ,/ • : 

th(! :satnple was .(H.v·td.ed · into 2. subsamples :on the ·basis ·of age: 

r 

j ;. 

. . 1 
i 
! 
l 



of admission to hospital. Subsample I consisted of 19 subjects 

.admitted between the ages of 10 - 15 months, and their controls. 

Subtample 11 consisted of 21 subjects admitted between the ages 

ot 16 - 46 months, and their controls. The difference in Intell-

igence Score between the Experimental and Control groups was not 

significant within either of the a subsamples. However, in both 

Experimental and Control groups, significant differences between 

the 2 subsamples were found in Full Seale Intelligence Score and 

Verbal Score. Significant inter•group differences in Subsample II 

were found in Harris Drawing Score and the Problems subtest of the 

NSAISI lower scores on both were achieved by the late-onset 

kwashiorkor subjects when compared with their siblings. The subjects 

ot 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. ~ho moan social 

pathology rating vas also significantly higher in Subsample II 

(p 1.. o.os>. 

Discussion 

Discussion of the results is facilitated by the following 

diagrammatic representation ot the factors which contribute to 

poor psychological test performancet• 

~ INFECTION...., MATERNAL & SOCIAL .... ...&a-----LOW PARENTAL 

l,.IIALNrR~ / DEPRIVATION 1NTELLIG£NC& 

'? APATHY~ l 
BRAIJ DAMAGE .. P~SYCHOLOGlCAL 

~EST PERFORMANCE 



6. 

In previous studies, brain damage resulting from PCM was 

postulated as the cause ·of poor psychological test performance in 

groups of rehabilitated children. Brain damage, however, is only 

one of several variables Which reduce test performance, others 

being tho apathy of the acutoly ill or chronically malnourished 

child, an impoverished social and emotional environment, and low 

parental intelligence. These factors also contribute to tho 

incidence o£ PCM. ln the present study, tho groups differed only 

in that the Experimental group suf'Eered PCM to c degree sufficient 

to cause fulminating kwashiorkor requiring in•pationt treatment. 

Differences between the groups could thus be attributed directly 

to the .effects of this severe form of PCM on the CNS. 

The results indicate that the episode of kwashiorkor did not 

cause significant physical or intelligence score deficits. Contrary 

to Stoch and Smythe's (1963) expectation, a negative correlation 

occurred between intelligence score and tho 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 earlle~ treatment may prevent the occurrence ot this deficit. 

But medical supervision. may also coincide with improvement in social 

conditions. Thus both subjects and siblings in the early-onset 

sample were significantly higher in intelligence score than the 

subjects and siblings of tho late ... onset .samphh 

The significant differences between kwashiorkor subjects and 

siblings in the late-onset sample in Harris•Goodenough Score and 

Problems subtest, together with their strikingly poorer scholastic 

achievement. could be attributed to poor concentration and inter• 

:terence of emotional factors in tho child's cogn.itive functioning. 

Evidence of emotional disturbance was seen more often in the 



drawings ·Of this gr()up• than in all the other groups combined. 

The mean intelligence score in the present study approximates 

closely to the mean of Stoch and Smythe's U96?) Control group •. Low 

intelligence scores in tbei.r maras-mic group were associated in 8 

cases with a dominance of theta activity in the BEG (Baraitser and 

lvans, 1969)• In a study of ~wash.«.orkor rebabiU.tees- and their 

siblings, no .significant EEG cU.ff.erences were totmd ·(Evans and 

Baraiteer, 1968). lfhe EEG .findings c(.r·rob-orate the intelligence 

test tindlngs in both studies, :bUt .the· finding.s of Stoch and Smythe 

(1967) cannot be attributed to PCM pel" a.e due to the important non• 

nutritive ·differences between their maraami.c and contr.ol groups• 
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CHAPTER 1 

Introduction 

Itwashiorkor is a protein calorie nutritional disease which 

occurs typically in children under tho age of 2 years. The dis-

ease was recognised in Africa and Asia in the early 1930's, but 

a. 

only later was the nutritional aetiology realised (Trowell, Davies 

and Deant 1954). The World Health Organization report by Brock 

and Aut.ret (1952) gave a clear c~~osition ot the clinical picture 

and geographical distribution ot tho syndrome and made the scient­

ific world conscious of the magnitude and significance of kwashiorkor 

as one of the most severe forms of malnutrition in children, Today 

the concept of kwashiorkor is that of a well defined syndrome repres­

enting one pole of the broad clinical spectrum of nutritional disease 

referred to as protein-calorie malnutrition (PCM) (Hansen, 1968a, 

1968b). ln,contrast to marasmus, which represents the opposite end 

of the continuum, the calorie 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 foods. ~he calorie intake is provided by refined carbo­

hydrate foodstuffs. Marasmus, being the childhood equivalent of 

starvation, is characterised by an onset otton in the first year of 

lifo when breast feeding provides a quantitatively insufficient 

calorie intake and where supplementary feeding is not provided. 

However, the majority ot 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 ot the child is suggested by the stress laid on symptoms 



of CNS dysfunction during tho acute stage of the disease. These 

are apparent in the earliest reports: Cicely Williams in 1931 

mentioned "persistent peevishness"• Lienrabe in 1932 independently 

described similar physical symptoms and noted "apathy"• Trowell 

(19J7) stressed the apathy and misery ot the acutely ill child. 

Clark (1951) went so far as to say that be 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, has 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 most descriptions. tt 





10. 

CHAPTER 2 

Literature noviow 

Fot- e long period interest has been focused mainly on the 

physical sequelae of PCM. Tho major concern of workurs has been 

survival. Over the past 15 years a better understanding of the 

bioehomical pathology of tJO.lnutrition has resulted in more effect• 

ive treatments ~nd a consequent reduction ot the mortality rate 

(from 5~ to ! 10~) in recent years. In spite of the frequent 

stress laid on symptoms of CNS disturbance in the acute phase, and 

reports concerning persistent EEG disturbance following an episode 

of kwashiorkor (Engel, 19561 Nelson, 1959, 1963), only roc~ntly bas 

attention turned to the effects on subsequent intellectual develop-

mont. The awareness of a growing population of rehab:Uiteos who 

vould probably have succumbed a decade previously has indicated the 

iopor·tance of systeaatic study in this area. Combined with this 

has boon a steady and pressing flow o~ reports of experimental ~rk 

on anicals, confirming that defective nutrition has a permanent 

effect on both physical and CNS dovolopcent in various species. 

Learning ability, memory, emotionality and other aspects of behaviour 

havo been implicated and the effects have been found cumulative over 

several generations (Barnes, 1967). 

While hypotheses concerning the a~tual mechanisms whereby 

nutritional deprivation alters the opti~al devolopcent of tho brain 

and interferes with its cognitive fUnctions continue to be formulated 

and tested in the laboratory, a few field studios have been conducted 

which attempted to test the proposition by direct study of the 

individuals involved. Some ot these have investigated marasmic child-

rens only 2 have studied children specifically presenting with the 



··! 

.., .. ,·l 

,$:yndFOii'iG 9t' ltW'Asl\i()l'k;Or .• ·-

:lt'l 19l.t:4 Kttg(;1·mae.sr :P~~l1· and Samuel. :t'~n'lnuJ.ated ·the . l'.ell!ti:o~"" 

~b.itp bett'f~~n m41nu~r,s.;t1otii ,and int:eU.eotu~t :function-. as ftUlows: • 
- : I I. •'- -, • ' • ~ - ' ·.' ' ' . • . : . ': •·' \ • : ,, 

tl~~"~tal. ·~n~.-gy ls ·a product or two tac:t~r'l? :~ .capa~~~f ·~~-a ; , .. , 
· intensity,; the .ol1i9 1~ det·ernrtneti .. bY heritf!g~ alld meintalh.~d 

I •, 0 f, , ' , •, : ', • • ' ' : ';: _' [ 
0 

< .' • 

bY· ·e~senti61 nutri~nts~ ef:lp~elall)Y PFot&$;nst t.tpids• water 

': ;. '' ... 

and· atti<'-na, 'Wbli'e .· th~ otbf!r . factor ,(iE!p~nds ~<m. :tmm~d~~-~•~-: .. 
·11Y·a1i.@iH:ti ot d~xtro.$~, '6xygen.•· vitami~s and :eJ~;tiotut•· · . · 

·. ·r:sstdbcti~ . tttsord~l!'s .. -atr~etltng -~() -·¢apa~i-t·r · :.-;~etor ,_.<i~ 'bt-~i-n 
, '; . ·' : .. · · ·,$trueiture t~ua t1:J -,,ro~ti~ce • 1rr~v~t<~ib1~ · ana'tOmt(: · i~:r~fo·fil!t1 , · ·- . _ ... 

. ·, · · '· ·' .· · ·whit~ ~utr.lti;pfiat·di~ord~t,s ,~l£ter:ttno. ;;erebr.td.: tun¢'.'~~ ~~~d:. 
t6· pi~cau-ce r~ver$ibt .. e· bd:ocb(,mteal ·1t!$ions• 'the ·r4b~ of! '.:i!ltiNe 

' ' < • ••• ,· .·; ' •• •• • '. • 1 ,. :·. . • ' • " . ' . . • ' - ' ' . ' • ~ '' ~- • : -·' ' ~- '~- ,! . '.' 
. ; ) ' 

'. 

.. _ . .essent$:E,\J. nu~~rlGnt.s :_has ·.l)e~n ev~lt.i"-te(l i11 t·he m:ent~t ~¢~·4vlty 
·'·.·o!f:·;~¥,Per:brienti11 .t.ud.~als .• 'but t-he c:pp11i.r¢'iib11.S:t;y. ·o£ tl\i.$ know• 

. . •. . . . :. . ', . . . ' . . . ' . . ' . • . . . . 1l . . . ' . . • . ·... . 

·· , . .',· tl.~tl,ge ,t(; ·chU.dren .is a m~o~ qU*Zlstton.. · · sinee mutttpt~ uu'ti"~ 
- . ; ~ . - . . ' ' ' - . . ' ' 

.ttio:nal: def:ieiency .vt·d<lo,mitlato-s .•.. t.be pertitltU:tt problem i~: · ·. 
t'o. •dO.'er,mlnt;l the eftoct ot. lnainutrition ::en rc;t~r.dtng' m~'n~al . 

- • '· • • ~ : • J • : ;; ' t) ,·, '; 4 

, . 
. . in -~ .PrelU.mil1ttrv E;tu<ltt tft~$~. 11ritb6t,13 ~naiys~d the ~.tf~a:ct$. ot 
1:nutrttioru:i1 improv:~mr;rnt o~ psychol~g~Lctd · t~s~ ·P~:t"ftirmatioce 1ri 18,2 

, t:htlaren, .agr!).a 2 . ..: -9 :~y~~~Nh Q~~~ :bait. oi ~he -~AmlJ.l-~ :~~~Ia 't~~titut.~ 

'·,.. 

:, .. 'o 

. · .·ictnaliz&a_and 'the ~~p:l~ ·~tis ~a.ivideci l;ito ·~ {;rcrtip.$:·,~aei~ :flo~~iattng .. 

"6·~t·::5·o:.~~~~at.:-~nd.(tt "~~~it~itw t:Ei~·•r.a~d (;»t!laren~.; tine! '9rbufi··:tta$ ·.m,d.· 

-tu:Sur:iah~A ·at· tb~: first· testing· ll~t· '~~it 't'l~u~ish~d 'tit 't:li~ 'iis;ni.a of 
• - • ~ > • ·... • • ·-, • • • • \ -- • - ' l - ' 

' ; : I : : _· • f i 1
1 
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1 
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. IQt .and. in~orva:t· between lttihlifum .. ntnat OJ' $tanf>ord•S1ne~ 'te.l3tfll. 
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· .. ; -~ · · An ~~ver~·e _1mprbvemt1nt -rir· lo:· . .,oli'd:'s f~i' · rGt~tte4 C;bildt~Ji .and 

.. , · · '18 po!~t~ tor· ~ortr!al i4 · childrilt:t. ~Was· .notea· in tli~ · 11*-~v~ou~iy :mat~ 
! '. 

·_. ,~our!sbed ,gro.~p~ 'wbil~t· n~ ,(!btl"g~,·\f413' t6u~lt ifi· ~b~ lttt·tiaitr' 'Wtdl 

. :·.··~1puri.elied .groqp~ A -~~r~liatlon ~tt$ 'toun·6 \)t!'tlfe~h: ,al'Jp., .. lit;·· :first· test ... 

. . ·. ing ,and • ~Q · rlsat· tli~ youn9~r · ~he' ·nial~urt13hed tbil.~t( ~~~~n · tr~~itment 

' ,: '.; 

,; 

,. 
' ' ~ 



was institute(~ the greater the chance of improvement. A sharp 

decline in lQ rise was found when treatment bega~ after the age of 

4. yeus, suggesting the occurrence .of irreparable damage. The fl·e"• 

ibi.U.ty ot IQ change before this age and the relative constancy 

of IQ change in the.43lder ehfldron denotes irrE~versibility in mental 

development foll-owing p.rolonged malnutrition. 

12. 

The !'irst controlled field study was .semi•longitudinal and begun 

by .stoch and Smythe in 1955 (Stoch and Smythe; 1963; 1967)• the authors 

selected 20 o.f the most grossly undernourished (marasmic) Cape Coloured 

children that could be foul:ld. Uirth weights were said to have been 

normal apart from 3 children, \tho were below 2.5 kg. Tho subjocts 

vere ;matebod tor age and sex with ao children wboee early nutrition 

had been supervised in a creche. The groups were compa.rabl& in respect 

of parental inte11igenee, but there was a very marked di.sparity in 

their living conditions -- "alcoholism, illegitimacy and broken homes 

were the rule in the undernouri.sbed group, whereas the control group 

lived under more stable borne condiU.ons. Only six parents of the under-

nourished group wert'! gainfully employed." (1967, P• 1027). Intelligence, 

lfead circumference, height and weight were Tecorded approximately 

every 2 years. SignificAnt dif£e.-ences on all these ve.ri~bles were 

found consistently, and the means at the 11th year of tollow~up in 

196? were u followst • 

TABLE 1 

Difference ~between means for marasmic and control sub ects 
Stoch and smythe• 1967 

Sub~ects Controls Difference 

Intelligence score 61.2 76~7 15 .. ,.5 

Weight (kg) 24..:;8 29.45 5e0? 

Height (em) 125·73 l;)j.68 7·.95 
Head circumference (em) 49~58. sa.o4 2.'*6 

.Tho tluthors regard the· reduced head circumference together 

witb d.e:fects of visuo-motor and pdttern pereept1on on the non-verbal 



subteete as evidence that lover intelligence scores ot the under• 

nourished group may be due to organic brain damage resulting from 

gross undernutrition in early infancy. 

Some confirmation for these findings derives from a study 

reported by CJ:"avioto and Robles in 1965 (Cravioto and ltobles, 1965). 

~he Gesell metbod was used to study the psychological test perform­

ance of 20 infants and pro-school children during rehabilitation 

from kwashiorkor. Testing was bogun as soon as acute infections 

and electrolyte disturbances had been corrected, and continued at 

intervals of 2 ~ceks for up to 6t months. 

All children showed lower scores than expected tor their 

chronological age and. ethnic group. As recovery progressed, however, 

the difference between the chronological age and the developmental 

age in the fields of adaptive, motor, language and personal-social 

behaviour tended to decrease except in the group of children whose 

chronological age on admission to hospitel vas less than 6 months. 

In these children the initial deficit remained constant during 

the entire period of observation. On the basis that the adaptive 

behaviour of the infant may be analogous to the later intelligence 

ot the adult, the authors conclude that the possibility ia high that 

at leaat the children severely malnouriabed during the first 6 months 

of life might retain a permanent mental deficit. The authors discuas 

their findings as supporting those of Gober and Dean in Uganda, 

Barrera-Moncada in Venezuela and Robles in Mexicot all of whom report• 

ed that undernourished children tested with thG Gesell scales showed 

a oarked retardation in all four areas of behaviour sampled by the 

technique. They quote another study by Berrera Moncada \tho found 

that intelligence tests given .a years after discharge to 20 rehabilit­

ated cases who vere all older than a years 10 months at the time of 
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: :; .,. ·: ill.•l5)6:~:, ... (!.ab~~ and Na3d.anv!e .. _J"·ep~r.ted. :a: .t~>:~.~qw .. ··:uP.·. $tu.t~y .t•n. 
. I • • ' '~ , , ,. \ ' i 

-~he 'llg~s ~O"f' ·~ ~a .24 imonths. ,dur.tfl:g, th~ y~~s .t95J.·•. ,.19.5:7 .. -:· Ciit\c;~tc . 
. . . . .. ( .,. "· .. • .· '· . ,, 

·at:S<hises (o·t ~th.e . ·CNS · and TB .. ·war~ :Gxc:bi·tl~d · Qrtd no ·chlid ,.,as mot-e' . 
• • ( ' ' . ~ '. ,\ . . • ' • •' <;;. : ! ' ·. ; • ' 

:*han·:?)$ olf' ·~~p~e~~d :wE!ight 10n·.admls$~~n~: ,!.Ot1.~~~~iT:d ~~ :t'll,e ,gio~l:lP: . . . ' . .. 

>hed :t>ar:C:i!nte· who .weT<e' ~.ruy .{):ft~.c~r.s .~~"· ip t;be .P~!!lt~~!S.$iotU91i· t'h~.- re.st 

.. · war.e. ,s)ttlled or <urisld:l~e~ worket;.s, .. t·n ·ll,tl .. urbtf.l) ~t!.~·~ . , ·., .·. , " , .. 

cnnorm.IJ!il." H:mits c>t 91 · .... 110 •. _One~thtr.cl ,scored ~n: ·tfi~: tl,st.up!·~Ut r.r.ng~ 

f!f '71' ... • 9G, iUld t'he ~~ma.t.ning ·~ ··chl1dron had ··tQ scores o:t · liO ·.of<· 

.bf!1ow., Thut; b~lt th~ grqaup· w~t~ beic\~ th~ limit ot ·:not"ltla1 ;tntallig• 

.!el1.¢e· and .tb" .d~ffei'~f!Ce .,etwe~~ no~mll.l sna subn.ortna1lht~ll~t:Jel'lCe­

Was i:ltgt)it;tcn~~~ ·. ~o. :l,oet\1 ~tantl~de for the .(ti~persilnt· o.t .tQ w~re 

av6111ilbie- .ao th~ r~~ul·~$ 'We~ka eornpm-ed \lith t-hof}e tor .Serbian child ... 

ren, ·ot wht>m· .:at$ were be,lo\v' n~rinat ln*-~i.l~genee ·as against ~6~ -of: 

:tb~ Undet-nouriji;h~d gro:UPl and )~ ·of Serbt•n children we·r~ ,,bovE! the 

I:'E1f\9~ f:Fit the undel"nb~i.(th~d group, 

. t!l.e m~af\ XQ .,~t'· ~he ·und.~rtiourit:lhed :Q'mui> ·was .as eompar-ea wJ.t:h 

a. me~n ot 9:3 ·t.o·r ~&iidien 't~~m t'fittHU,if.es at ·ffnon•qli~liti~:ttn· workers,· ... 

· 'The unt)er.ru!\Uti·~Jh~d' or.o~p rl£.4 f'lOit a.i·t£er o~eigntf1·t4fit-ly .it\ 

hei,ght lOr ·tn:&lght lf;f()lli ,l'l:(!al.tby 'l·CJ·C.al scnool' ebil·df'~n· No 1CQl"t'fi!1S:ti-tm 
' . . . . ' . ' . . ' . 

. 'was t<>und bet~~~n the $tJe ·ot i1:luess and .S\Jb~e-qnent · JCh . huct t.here 'WG.$ 

a .. eof'r~1$tlol'l· botwet~n 'the <:1efici"t 111 eitptietetf weight tor .ag~. ·,o~. 
' .. 

of'igl:f)at r(ldni!s:siot:l aJ'ld· subsequent test perfo'tA'Ian€e•, 

tn 1966 ·(:;rav*oto, De -Licilrdi~ and :S1rch' pubi.t:sb~d ths .results 

.ot ·4. study in Me~i~o which r.~J.it,t~d be!gbt to .tnt.~J-se'nsot'y organisation~ 
, I • ' .·· ! ', ' • ·' 

{,'•., 

.; 
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· t.talnutrition. wa;S•detin~tti .~~~rot;pee,iivel:Y on the basf:s of 

'htd:ght f.or ag~:: a ehUd '~ho .shoved;. eiunitiicatit 41tliinut:ion' ot 
:· . - . ' ' . - • ' . • ''f . ·.. ~ -

' • J ' ;, 

stature relatiVe to· .ltis t.tg'~ .matelil ln the·. total ~.iJlag·e, p~puid'.~lon 
' • • ! • ' 

was assumed to bav:e , ·at:~ .li.nere~stld ;1 ik~l thoott . of llevlng. been .at :ear1l~r 

•:rtiak ot m(!lnut:rition,, · .ln ·this way,_ t\ti exp~ri.mental group wa:s. i.denti.t ... 

t~a representing tb\9: J:owest. ·25~ ot the helgbt atstrU:)uti:on ,an¢\. was 

·ciompar~d with n group· eoneisti.ng ·ol. all ~bose children J.n t.h~ t,allest 

·quat-tit·~ f.or ~ge~. · :tnformat.Lon ·()tl tbt! statUrl! 6f pArents .1ot .'bb{h . 
- ' . . . ' 

,e:pntrol sample tlJ"t!lWil fr.om an upper c1.a.sa u:rf:Jan :poptil.a.ttcn i'lal! $ebacte4 

consi:st;l.ng of ebU.drert ot the same ages who ·e:lthib.tted ·bqul.v't~lent. . . . . . 

b.aving been at ,n~tJ:"itional ri.sk• .nroad d~'talla on t.he ~C)eiai, i3eon()tni~ 

a,n·d t3ducat:icnal .state of a11· tamlU.es was :collected. For ttte. rur,al 

·ch.lldren ·~ .aitletl!i:n.ce in hei·ght W:Et.s. aecomp~n.ted by :a dltfer~ne~ .ln. . . 
ieensor:w :i.rrtogrtitl.ve: o.bii!ty,. tbl,s te1.~tionsb1p wai'd ~:tot ·tol\~d ln the 

•upp~:r etass u~ban. .sQ.mpi.e.~ the author~ discuss t;~& tt.1uUn·g$ .Jh'l t~rme 

of two po.asibl.e schemes, viz• {1) that both pot;r inters~nsory ,ft~yelop~ 

'tnent .Gtld malnutrition uise out :of ooetal i1tlpover!lshment \v'bere. potu.~ 

stet·u.~e .is ·An inei·oent,Eti ·s~q'Uel· to dte malnutriti<m or. (2) that both 

poor intersensory devEi16prnott-t. ,n.nd i:ow ;ste:ture •D-r• sequel® of mal• 

11utrition, :itselt' .M-1.sing out ()t' poor J30eiai :eond.it.i·ons~ 'On th~ 
... : 

ba.sts thi!\:t :poor int·ii'!!rsefisl)f'"t futu=t.!on .and l•!)W $ta-tur.e· ware -:not .slgnt.lf• 

i·<:arit1u .e.ssoel.ated ~lth adverse ·$()·cilal ·contiitl.ons t:h~ .authors favour 
' ' 

the $Cjcond achr:!m~, thus r~latlllg redu~ed lnt·er.sensol";y nb!ti.ty directly 

"to ·the po:as1bU.1t)" ot .e~rly .malnutri tl;ot\ as gauged, by ;r.~du¢od h&ig'ht 
il '• 

·-

• -, t 

\:. 



· . ust.no. th~ . .stt~tte r1:1ethod,. ~ot;tet'ber with .a, .ttJUi.t.ab~y · et>nstrueted 
. . ' - : 

.. ; . 

int·etltgep~(!j test batte~Yt. Cb~p,akam, Sr.iko.ntla a.nd Gopalan. (196'8}' 
'• \ •; : I ' • ', ,', , (; .: 

stutU..e.d ·lnatnn ehUtiren who ·&tAtt. been t-rfJat~d.· s~eeesstuitt. :.fork11fi~h~ 
. I 

1 
'' ,\ .... ! .J . ~ . ' ' I ! 

l.o~l~or .. tn. infancy •. Nitte~~~n .ehti:d~.~n .adtnit·ted betiteen · th~ .ages ~~' · · · 

18 n~u. ~6 nt~nths -dur.ing tho pari~d 1959 .... 19G~ we~~ ~test~tt ·bet~~~n :: 
,, •,- f ,, I ' I 

tbe A!Jt':l;s, of. '8 - U., )'ears. . Fol'- •f!V:t3t'!f ·one elltper1meutal · ~btid, · ':t · ' · · 
'.' \ . 

mat·cll~d ;Con.t .... ol chil~ren ;.rer~ ~ete~~ed takln@ ·•ee:ount .o.t ·t\gt!~ ~{!*'; '· 
',1 .. ·• 

·• 
tn .11t,dditio~ the .tntt~ll~gtfnee te$t wa~ .:stanct~diz'n ,ot'i the ·Qrt,)up ot 

~ . . 
SO ebil;:lren at t}ie swne 1.\g~· r'aftge and derived .fr'IOftl tb~ same .. ~Q~,l~• 

~cofiotnic group .attd ~oeographlc.al .. ~rea as tbe ~e'Xpf!l~1m€fitft.1 grO\lP• ·.A 

:signi-ficant -ditf'er~nee itt performr.mt::o on t.h~ ~n,telllgence br\ttery ·was 

' ' 

I ' ' ,. 

\'!aS partieU~M'il' marked lifi the fOunger· Ctg~ !Ql"OUp (8 • 9 W~at"s) $rid 

of'ganisnf.ion was poorer ~n tht~: tl:Kperimontal su)bjeets "" m~ked:ly at) · 

in t'be N9unger a~e gro\li>t. wl~b ·~ tendency to .i.mprove in tho. ··o'lde_r .ag~" 

grirJup.o; , ·"the defi·cits wore Pat"tieularly marked 't>rith rtH1ar~ to pere~ptual 
f• • • • ~ '' ~ 

' ' ' 
,ft~~gbts, weig~~t:e ;afid heaa circumter~nee,~ of tht! .~xp~rim~nta:l. 

• ; _;, : • • . .. '. ft 

'C:h:ilaren .w~re generaU.y .similar to thollJe obBerve.:t ifi ~he fl!~tched · · 
. ' .. ,. . 

.control.~, though ·the. w~tghts ten\:i~a to be eomE;\fh-tJ:t l:.Q.Wer in th~ ie,3t,er~ 

imefl;tel group• . I:nt~1JI.lgenco score; head .c:J.zoeurnference anCi h~i.:ght_:__~ ........ 

'Were ·eo~i'e.iated i·n tb~ control .sub . .ti~cts .aged 8 "" ·~ t~ar~, but' :rio oth(!r . ,· 

etgntf'ietm:t '00i"rt!la:1iions were .f<JUtide AlthoUg'll the :findings ,~Q elet.U" 

cut$ thD a.uthOf'.S :are ~xtt·l!!m~l' ··eautlou:s tn the:!r ,tnt~rpretation ;rnd 

·qu~$tt~n whethe&~ 'theY .. are dir.e¢tl:Y attr.ibutable -to the' :et:~,rlier fl!pl:sode 

· of ·PC~t.; . Further r.aetcu.'".e ·'Wbllcb th.Qy invoke are~ • 



(1) Whether the prolonged immobilization before and after hospital• 

ization resulted in a loss of ''learning time", together with tho 

emotional stress and anxiety incidental to the hospitalizationc 

(2) whether the poor performance of the experioental group is merely 

a reflection ot the low level of intelligence, motivation and 

resourcefulness of their parents - factors which determined tho 

development of full fledged kwashiorltor in the children. 

Monckeberg (1968) is much more certain in his conclusion that 

permanent brain damage results from early malnutrition. Fourteen 

children (Chilean} admitted to hospital between the ages of 3 - 11 

months were followed after treatment, correction of the undernutrition 

being attempted by an adequate free supply of milk to the families. 

The children were tested by Binet and Gesell methods when the age range 

of tbe group was 3 - 6 years. The average Binet IQ was found to be 

62 and in no ease above 76. This was significantly less than the 

average of Chilean preschool children of low socio-economic 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 aroa1 

the most retardation was aeon in language. Head circumferences were 

definitely below normal; heights were all below average ( < )rd percentile) 

whereas weights were all £ound above average ()-3rd percentile). The 

relation of weight to height was above normals in some cases so much 

so as to give the impression of obesity. 

The author attributes the low teet scoree of the group directly 

to brain damage resulting from a disturbance of protein synthesis 

during brain growth, and likens the effect of malnutrition in the 

first months of life to that of hypothyroidism, galactosemia and 

phenylketonuria. The irreversibility of the brain damage is seen 

in the lowness of the scores despite improved nutrition as indicated 



by the above average body weights. 

Monckeberg (1966) derives further evidence from a study of 

the relative influence of social class and malnutrition on p,sychol• 

ogical deficit.. One hundred And fifty-three preschool children 

within ) social groups were tested. Group A included middle•olass 

children; Groups B and C were lower class with the same average 

income per capita and educational level ot 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 

o£ children with r1oraal intolligence was essentially similar in 

Groups A and a, 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 level 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 kwashiorkor"• With 

regard to the psychological features of the clinical syndrome, this 

is probably st.ill 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 per£ormance 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 Reviews (February, 1969) 

concludes that "If' we are to know whether dietary defieiences per so 

are a cause of' subsequent poor mental performance, then studies will 

have to be conducted which will separate the nutritional variable 

from genetic factors and from many environmental variables. High 
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CllAPTER 3 

B,ac:kground of the Study 



·' 

liy,pothe,e;es efineideri4lg. malnutrition as. ,a, eaus~. o.f: :per.mafient 

i.nt&11ecttial defici:t 'ar·e t"~P.d:U,y aeee-ptable olio partly :aue ·tci ·~he 
·' 

powetrtul emotional app.~al ·in the socio•politieal· •connotation$ and 

pAI"tl;y bet:·aUse. they SOUl'H.t. eo Pl:ausi,b10 •. This rippiJI.es part,eularly 

t() tbcse 1\ypothe.ses Wldch postul~a.te the ettecta of ••nalt\utr:ition. in 

terms 'of qudnt.ttata•v~ tubibl:tion .of brain growtb •. ·. · · 

a,. pr;,abi .slze1, main:utri~ion antl .lnt~l.11Qence 
,:' ' 

' ~ ' 

t~ has b~en demonstrated .e~p,eriment.ally in man1 speete& tha.t 

.it .an .a.nim~l. is ,(l~prJtvea ot die~.M'Y essenti~ls tor· (JrO'wtb .<furi..ng 

<:r.;t~ie~i. .s.tages ,of ;poatnat.al <levet:opmf!nt, ~t will :remain t>hy:$ical:ty 

-r~tar.ded; notwlthetaruU.ng l:at~r 'ct;)ere.etion of 'the di.G~ary deti.ei;~n,ey 

.1(W~ddows()n., lH'*erson Be McCance, 1960; Waterlow, Cravtoto &: .Stephen; 

.l.96o:),.. <A 1.og.i,cal :f!i~te.ns~on w~ult1 be ,that dietary defi;c·ie11eY in 

i.;nfancy w.U1 impede bJ"tt1n ,gr.owth ~uanti.tattv:eiY ,(!l.nd .caus£f mertta1 

retardatto.n, the ,.e)[.te·rtt of' whi~h is :r~l#ted 'both to .t~e age ot: o~~e.t 

-~~ 'tht! duratbm ot the nutzoitl9nal .insU'lt.j5 The perl4)d of maxitnUm 

.human .brabt gJ"owtb I starts itt tb.e. !Sth .fo~tai: :!n()fa:th,:i •at birth ther 

.b~aln wf!'tgb~ 4b0ut ItO:$ oi tte ~adult. ~eight. Seventy 1Jer c:~nt ot 

(;ldult brain "We~g.ttt ts ,aehi~yed by ,the. ~nd ot :the first Y~ar :(Brown, 

1965),.. The period ·ot .n~uimtim vulnerability wou~d :seem to 't?e l~r~:te1y 

in .th~ ;prenatal period ·arfd ln-.the first .few ;pos.tna~:a:t m()nth~·· 

However •. ·th~re .at'e two lmpo.t;t(lnt .as.sumptiops .un~orlylng ·these 

tormu1attons 'lfhich are not v.al.ll:d: vlz• that inte.lttgen~e is .r~la.ted 
. ·- . - ., ' • '• ., . - ·,· ' -.,-·· ' ' ' . ' 'I •, 

:tQ ·91'\Qss ba,-ain ·si¢e., at1a .that head .¢·ircumterence 'is an iaul~lk ,C.t 

:gross bJ:"aiu id:;z~~- .A~a.tomi.st·s. (llJ?.tl $oe~a1 Ab'thropo.logts~s ~a'((§ t'ound 

~a:rge nortn:al ytu-iations :lri ·~r(liin· .s1zt~ wlthin e.U mammaU.an s.p~eles 

I ,_t 
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(Lashley, 1947) and, loolting back, have found sooe of the greatest 

intellects of the past to have resided in remarkably low cranial 

capacities. Quantitatively, tho equivalent of modern man's brain 

was achieved by Neanderthal man more than 100,000 years ago (Magoun, 

Darling & Prost, 1960). The men o£ our own species who replaced 

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

Although a relationship between brain size and intelligence 

bas been entertained in the past, the evidence is overwhelming that 

the two can only be correlated in definite anomalous extremes such 

as anencephaly and oicrocophaly. 

Nor does the correlation of brain size with head circumference 

stand scrutiny. Fieldon (quoted by Dodgson, 1962) showed that in 

oicro•encepbalic calves tho external skull 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 musculature making tor reduced external Skull 

circumference. Also, Illingworth and Lutz (1965) have pointed out 

that head measurements only become meaningful When taken as a ratio 

ot total body size. Dean (1965) found head size the least affected 

ot various body measure~onts in malnutritions it was always larger in 

relation to body size than in normal children. 

An important consideration in regard to the effect of malnutrition 

on gross brain size is the relative metabolic stability of tho brain, 

and the protective mechanisms whereby tho brain is afforded nutrient 

priority over other developing organs. Donaldson in 1908 (quoted by 

Dobbing~ 1968) recognized that however ouch growth is retarded, it 

is difficult at any age to induce the braintbody ratio to depart from 

the normal value tor body weight. Jackson pointed out in 1925 that 

in atrophic infants the brain continues to grow, so that emaciated 



• • 

infants con have normal brain weights. Waterlow (1959) showed 

experimentally that in protein-depleted ~imals there is a conw 

centration of protein synthesis !n the internal organs at the 

expense of muscle and skin. An investigation of brain si~e in 

children at postmortem by Drown (1965) in Uganda sho~od that 

although the brains of malnourished children weighed absolutely 

less than those of non-malnourished children, when the brain weightr 

body weight ratio was calculated tho malnourished group had higher 

re.tios. "Small-tor-dates" babies have a brainabody weight ratio 

elevated to a value higher than would be consistent witb the body 

weight' and in underfed rats the brain weight deficit ia consistently 

relatively less than the body weight deficit (Dobbing, 1968). 

Thus although reduced bead circumferences have been noted in 

malnourished children by both Stoch and Smythe (1963 and 1967) and 

M8nckeberg (1968) it must be recognised that these cannot be uncritic-

ally accepted as evidence for reduced btain size or related to reduced 

intellectual "capacity" or performance. 

2. Structural CNS changes, malnutrition and intelligence 

To look tor gross anatomical changes in the brain as a consoq• 

uence of malnutrition and to use external bead measurements as an 

index is likely to be fruitless. Investigators have thus turned their 

attention to consideration ot more subtle effects of malnutrition on 

tho biochemical structure of the growing brain on the one hand, and 

to functional interrelationships as an index on the other hand. The 

nature of the relationship, if any, between these two aspects is still 

obscure. 

Normal functioning of the nervous system depends upon an entire 

chain of biocheci~al events. In any biochemical system, interference 

with specific aspects of the metabolic events produces a "biochemical 



leeionn. 1'ho interference can be direct when the intEigrity of 

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

the sequence of ~:totabolie events. Or· the intertea·ence may be in• 

direct when tho voloci ty of intet•codio.ry metabol icrn iv disturbed 

by alteration of tho enzyme actio~ or the substrate upon which it 

acts (Russell, 1964-). Phenylketonuria rCt:Jains the pAradigm of such 

biochemical lesions on a genetic basis, as propopod originally by 

Garrod ii't 1923 as "inborn errors of metaboliomtt. A pocsible assoc ... 

iat1on between biochemical leoions, errors ot metabo1iem and nutrit• 

ional deficiency, was expressed by Kugelmass, Poull and Sat1uel (1944) 

ln their initial formulation. 

Several reviewers (Coursin, 1965J Witkop, 1967; H.Gordon, 1968c 

Eichenwald & Fry; 1969) havo referred to the delayed maturation of a 

variety of biochcoical processes in malnutrition, t.e. the measurements 

ot biochemical 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

olism of phenylalanine to tyrosine in patients with kwashiorkor, have 

led to speculations that enzyme activity can be inhibited by mal­

nutrition, causing abnormalities in intermediary metabolic sequences 

and blood aoino-~cid patterns per se as well as the formation ot 

degradation products. Amino acid transport across the cell membrane 

could thus be intertored with, resulting in reduced availability of 

amino acids to the neurone .• 

However, in contrast to earlier theories that protein synthesis 

cannot take place at the synapse, Gordon'and Deanin (1968) have 

recently shown that. in vitro at least, this is possible. All the 

requirements for the operation of a transport mechanism for protein 

destined to be the source of amino acids for new protein at the synaptic 
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(1968) ~uot.o inV"El\stigations wbl(!J1. showed ti:utt· und~r-n9·q.ris~G~. :rp.~S..t $-n 

'con~ras.!t. to ma1,nourijt?hed o.n~s~ · $li.owed no m~.asnr.atiie· d.~.f£~:it,s in thG 
' ' ' • . . . • ' ' ' •. ' • ' ' ' • I ~ ' ' . ~ ' ' ' . • ' • • . ·' ' ' • 

, ·n~uribE!t ~f. ~ra.~n en~yme~f1 cr :t.~afjittt')" t~ 1earn~, }loti;).:tJF~up.~. w~r~ ~-te1i 
-· -·~· . - ' . 

. . pro~(j~n r~qutr~me1,1ts .:m~y. b~· lrel~tiv:~tv tner~~~~d · :1!1: ·t.h~· .d£!V:~~()p$.ng 

~b.rttin· ;Qi$ oppo.s~d to t~~ re:1(lt-1?.e1y .stab!~ .reqU.if'.ements iof th~ tultr 
., • ' T ; ' • • ' • , ~ • • ' ' • ' • '" • • • ' 

dev~l~:pep. -~Ys:t~;n for: th~ _11,1a:inten~ee. o.t t~~ ee~ 1 m~mt>rane; ~~:.,.. .' 

·• '. fi.e~r~pa. fun.ct1on!· YnfortUJ1,t,;;t·ely t : h() aa.;te;; 1arf/) l\V~ila~l~ to' di·fter• 

· , : r~nt:i~l· ~lb:to ~eld requ!:r~r:r.en~:s, qU~nti:t~~d.ve or qun1tt:ati:vtfi . tt~ 
'' •, ' . . • ' • ' ' ' ' ', ., . ' \ ' ' ' ' ' : ~ ' . • ' ' ' ' ' f . I .. · • 
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;l.)f#ing .· r~~ponf:1ible, tor: .irup~J;t"~·d:~N$ function• · Howov~r, . B:· '~t.bj.C)ehenliic~ 
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iy~l.'$., ot ~~etylcbo~itl.~ \ :ts ~edt-iced ~Y ··th~. ,abs~hc·~ ,of, ,~l'i;Gqv.~t'e.· ·.am~unt~ 
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· ,, · . p~t,t1vse.<t ,_by. ~j(~eas~v:~: '· e~l'leentrn~~Qt').~: of. uns;ynt.~~~?i·~~d. t)eetyeholis1e,.. 

. i. 

-S$;n~~: ~u. ·behavtour <J:~p~uds on. :neurrd. prodeLus~s •. lt, .is. rtHlson~ble 
,· ' .• • • ' <, • o • 1 • , ' ' , , ' , < ;_,. , 1 ,· ' V - ' r) ~ ' '" ; .' \ 1 
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. ~J:i~ be~avi~ura.~ ~~angel?, inelu~Ji.ng eog"'it:tv~. ftf,lt~e~iof1s~ . ~}lus !lo.sentttv~J.g, 
. . . . . . ' . '•,'': .. · .. 

· .· K.t~ch and. 'B(lln~~~t -{1:9!)8) re1.~t~4 · r}robl~rn · ~:Solvt:ng .:and :a~~:p~!v~.:b~h$v~~ur 
• ' • ' • • •• :- • • ; ~ • -.#" ' 

. ~-t '-~ ... " 

.f·n· .r.ats · t~o. ditterettee.s. in. the, ·tll.stributiot'l .a£ .chti.i f:n<!sfe~~-ase ·tf1 .. tho. rat 
. '' 
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bT.airt;· .atld ~.genetJic, t~etor· waS.:·:P9istulated: in .·th~ ·d~t~r:mit~~:ih.ot:l·~t. 
. . : ' ~ . . . . ' . . ' ' . . ' .· ,. ' ' . . . ' - .· . . . '· ,, ' . ' ' ' ' . . . -' . . ,.. . ' ' ' ' ' : . 

'. Mo.r,e~·reeently· the· nuttJ.;tion~~:· iq\;ia1i•ty cd.t:the. rat~:" .. ~Jit'ly environ;!> 
0 0 >, , 0 ~ ' T 0 0 0 0 ' ' ' 0., 0 ' 0 0 : 0 ' ( 0 0' 0 

.. men·t• :n~s b~tilrh.lmpii·c~~~d -~s· .e -df!tei;d.nlng. ·t.~e:;tol", :(Kt'ecb,, : RoEie:llttWeig 
•• - • • • • • ' '.' • • •• ' • '. ' '.' • 1 • ··' • • • ' .'· .' ••• : • • • • •' ' ·- : '-~-

... ,. ', 

·.· •. · ~: t!~'q!l64t~ 9 .l962.) .• , D1ftt~u,lties. ~~i:$~ 1ri. ~.iU;~fttpt.il'lg to .:Pia~e i>iot:hf!tn..,; 
' ' ' ' C > ' ' , , ' I ' ' ' ' ~;o ' ' ' ' ' ' > '' ·, f • ' ' ; 0 ' ', I • • ,' •' .. ; .' ' •, ' •. ··, 

. . . . . ' . . 

· · · .. Fo~ 'li!x~p1e:1 ~he11 ·:t;he .e1tp~rlm~nt .tt;ras: re--ver:Sed· ~nd .ma~tl learning . 
. . . . ' . •.· . . ' . - . . ' ' ' ' .. - : .. ' . . ' . ' - - . . . ~ . . ' ' 

· .~bllii•tY· w~s etttd$.e~ th ~e.~s· 'fhteb. h~tt b~u~n sgeeltd.\y. ¢eh~e~ed ;tor 
! , ': , . . • . •' ' ' , • , ' ' ' . • ' • , I ' : ' 

~i~h or !.ow Cholineet~.raa~,. tbe :r,a:t~: wltb .rnot~e tfbal.tfi~stor,tiS.b w~rf;\ 
·.. . • . ., . '. •. . . .. ' ·. . ' . ' ' ,·\ . . • ' ... .' " . • i.! . '·. i . 

dull-~.r:~ ·., fb~r·e;for-t;} .. be 'bright ~.ttts ln. the ·et.¢U.-er st~dy uit.ly. :h~ve had. 
. ., ' . ' 

incr.eased choline-sterase beeau~e .o:t .increased 'ine.ut.G.1 .:aetlvltyn .iJI.s 
·. . r' ;-, > ,. •• ; - ;·' - - ' •·,: \ , ':. '' ' "!_,' > '' '' -, 

, er.~t1e¢tefl . J.n :mor~ . ·COrnpet;etAt .tbart'ie P~Tforman~~ ~cr ·l!l01"~ .. succ~!St.Utut m[:)iZG 
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. , ~r~alt1 groto~th in ·mamm~l$ b~l'll. bee.n d~monstr;e;t;~~ ttY .J)o_bbipg (1968) 

to ~nt:J,nFlse . 2 :cOinpo·nent . {}r01\I'tb~ :StJUttla ·'"' tb~ firl!lot .~OtlSi~~s .o:£' glial 



prolifet"at!ort of \~hi·ch tit;.SUe: :DNA-:plto~phor~·s eopt·ent~ ;l,s' 'fiti· ':index,· 

~~t'ld .:P~aks. 111. man i.J.\ the wc;Hna; be£91"e. ·bt~th;- .·th~· 's\lc~rut, :e6t1s.is'tlng·" 

qf "l.;Yel{ipizJitiritt: llY deposit16n. o£· :t:ipids~ is. o·stimafed· by- 'tts.f3\l~ .­

'e'hvlo!:f~·:eroi ecit'lteh1Uarn1.-·t$<..e$ pl.aeo. p.~o"imari1y tr1. tbQ: tir.Gt· w~ek~;i·: ,,. 
) . . . ' 

. . ' . .·, . 

. at:t(!r birtih· -;, : ,,. : · ·' . , · · · ''··· , · • .• ~. 'I • ,:• j. 

• • •• ; J ·' 1'h~. ''gt•otftlt .. spurten: ~epf$·sent·$d. by the .pe·ak~' ot· ~aeh' t>'t' th~ed· 
' ... 

st~f!e.s: :cot\1d ·<i"cpresent· periods ·o:t v"ln.e~~t.c.:bt1 it;y· dttti:n·g · br.~.'In d~veio;p~ 

· ·it!efit• '. ~j~tked· vEU"lall;irinff bet~~e~ .spec~e ~f ·fbe spurt:s: J,n· r-r$1~~S,on. 

·to, bi~th: .,ver~· .notol'l :by .nobbitlg · ( 1968) ItuU.eatlng· that·· e,: ttutrit£.:o.na:t· ' ' ·· · 

l~Gl11t ·,could . .,.av~ 4u·t~reht ottect.s ,at ditt~re~t $t~~t'!"' !:n 'ditfei'"if:ant· 

· :~ecies• ·this .calls ti()r the utmost ett."Utio~ trt e'Kt,r~Apoi•ttt)o .t·rom· ; 
' . . . ) 

.· Br.ain growtb lin the ratt · for e-Jt.atnp1e, 'takes plaf!t!l · ~~mus~ etttire1¥ 

.in. th~ ·p91Jl~.ru~ta1 ·.p(d."i:Od:~ whieb :causee the t.ttt ',bi"t\l:n· t~ :b~ .. ~th~orbt~ca.U.y 

. . 

t.or rnoJ".~ vuln~itab1e· ~o ertvirQflffiettt insult. then lJ!h:e hutii~t1 br£U.n~ :. 

·Dobbing ,'4lso $tre.sses :tluat a.lt~wu:gb s(>znftb -9t t:be re~lts of' ett.ilsr 

nutr·itloJ'lal depriv.atio:n i·rl ,mi!ttjtl$· ~~Y t)e· i:rttet);>reted ~$ · ~:n,ttrf'f¢1;;~1'1¢e 

. w~ti.l; •:tfiyelini~.'.\t;l.on ot: the· ct~s, tbl;i qttfJ:I$tion of whertbel" · t>l)e p}ly;si.e.~l' · 

.det.lc~~s have. nt1Y.··m0'1"e. than ~t:~. .eo--in~1dentp.1 r-eiati:Onsh1p wttl\ ~h~ : 

· •behavioural de·;r!:ci·t.s istil~ · *-"'G'rnatns .untUist;:erad (Ue>bbinih 1968)~ · 

·This a.ppli~iS al$o ~o ·the· 11o~K: ,ot \i.lnlck (.196·8)t · ·t-rho' hft.$. us~d 

El·fiaJJ.ys1s ct DNA eoi,.teut .as .afi. inde* o:f r~t~ ot cel.l dtvisio.u in th~ · 

.d6v\1;l&p.il'1g :br,aln~ :an~ tout'ld :a: markedly re·!il!Ce~ nNA eort't~~~· "in:· fhe · · · 

,brains ct ehU.dJ."en who dl.~d ,of mttfnut:r~ti·9n during th~· ti~st 1~~ 

ot li!f.e,~ ·. · 
'\ 

·.;!, 

,,.. SlloJt~t term malnutrltton 1~nt1 tn:te11 iQtane~ 

· · Th& imtttedia';e ·&tt'eets o.t· calotle t-est¥"1ctton ·(aent~. 's:tarvatfon 

. and :aemi•starvatio:tt). in cO,d.ul~n ha.ve b~en revi(;lw•a· by Bro2ek (19!>9) ·and 

'by' :Sourtu~s ( 19.62) • 'Reducetl p~rf()roal1).ee on !lnt~U.£.genc~ l>Att~r!ei!J 

' ; . 
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p~or :eoncentrat.ion and ~'ttention, apilthy,, fa:ttgue, trritabf1lty 

and deptesei.o.lh ~tth. 't-ef·eed:h'Hh these syMptoms are t"e'Vei'sed tmd . 
. ' ' 

~~et pert'orm.4nc~ returns .to ·pr~vl·ous 1&ve1s• ·rne relative contrib• 
. . '· ~ ~ 

u·tion .t,·t v.al-lous ~.Ss$nU.a1 aroi·n6 :acid$ and vitamins (not.ably 

g1irtamie e.f!!lc:t', uric trtoiat thiamine a:ntt ribbfi.av1ne) has .:~een inv~st­

f•gated by· s~leetlv~ r-~teocHng., · ~~wev~r. Keys ~t ale .!(quo$ed \by 
' ··I 

.. ' 

t'edueed protein . tntek:e, f·OUtld·. ~hat t-he ssi't\gl:e .moS't limpqrtant ." 

alit,~t·t!ona1 t~ctor .in succes.sful ~ehabt11 tat!~n was· ce.io.ric intak~• 
' - . ' -. '. .• . . 

Stei!wart and Platt U969:) pr<"Hiut:~d marked cE}U.ular ch$nges in 

the ·Mrvou.s · ,system and neuro1ogict~-1 l!lig.ns .tn pig·s .i\nd ®g-s .'1)y ~t!ed.:i:ng 
• ' <lo. ~ 

,, ' ,. 

lactation. 'the plgs 'developed ·a pbys(.cbl '~tate resembi.tng kwashi.orltor 
t ' ' ' ' 

tmd were gr.ossly ·dettc:lent in phys1¢~1 t;;J.:rte .eompu.$d l'tith :,nJ'Jrmal 
. . ". . ., . 

animals oi' th~ s.amEi age.. lEG eha.ng~s were also obstrrv~ci. .Most ·ot 

the ebanges, however., w~r~ fou~d to ·be reversible with rehabilitation. 

He· t'raet· dl!:generattoi'I or necros.t:ti occurr~d; .a1t;hbugh the ·slgnll'ticanee 

of pcrffia.tl0;1t lo.ss, ot :cells d:ue to neu.ronophagi.a (i\.u.~tng the initial 

stages of rl:)'et?vory 1$. not kttow. 

1'h~so . t!ni:Ht'lg,s invite· the hy~othosls · that children ~ho have 

auf'ferod .a·n ~arJ.y nutritional U.1hess ·may lAg· in intellectual 'pertor.m• 

ll.nee behind those ·:wh:o 'hav.e not,. tor a per.loci :toU.owing: tlte·· initlaU.on 

of retecd.ing but,. aU. things :being ~qual, sbou'ld ·~Ventuo.11y e.a~ch up~. 

~htb ,bat:;i!!l for ;such a hypothtusl.s wouid be t.h(Jt · the perlo4 ·of apathy 

·repf'~aents .a periotl bt t~d\l~ed oppor~un!ty for pr.acttc:o ot eld11s 

eomb1.n~d witb. reduced s~nstn:y ,;stbnulation~ A more pestd.mi.at1c vt:~w­

point rctera to th~. so-eal1·ed ·''~critical perJi.,Dlb;u in bel\:aVi.our.~:t 

do!elopment, tU.sru.ptic;n ot,·whteh ·tn:~y result in a perman~n~ deflc.tt 



.' t. . , :I .. , . ' . . ' ' ·., .. ,·, . ' 

4 •. :N~.n-nuttititve f:actt.rsi"·matnutrtt::i.on_€&nc) int(.;l_lioe-ne~ 

Tll~ word "l<.washi·ork.ortt .. is ·aat"d to meati · ri.d.t$pia'~Ga' ehliaji:. :: i.t: 

was giv:~n a~ 6 n~e €.,.,; th~ syilt,J~.,m~ by .c:teely ·vill.larn·s f.ri .1·9'3:5 on 

the' basis i>t the obseri~o.:t'tori ·t:hat: t.h~' dtsease' usue.l:J.y. to1'J¢w~d on 

the' at:st•uptiot~ ot br~a·st•t.ai;idi.:hg: by the .arriv.al ot ;f1fi()tber slblirig< 

·(;tro~e1:t;t b~vtes .and Uetin, 19!l~},i; 

The term '"kwaebiotkor" thus· eharfleterizes the h.igh de,gf''e o.t 

:mat~f:nt\1 aeprivati~n tothieh all ·\-tbrker,s recogtU.~se .as .ln~vttahil:y ·eo• ... 
reti$ting ~t tb the i\U·tritiona1 depJ.iv.aU.on~· 

. t·t ·h~s b¢~n w~ll' 4em()nstrat~U: tt.evirre., 196~, i96th At tmatt, Da:s 

and And~f..sl)n, 'i96l3) that :stitilulat!on in the :torm of 'luindting anct · 

g(!ntling ·Of the newborn rat r~su1t~d in acceier:at.tcni ot phy~ic;looicai . ' . . . 

development o:t gross morphological.· funeU.onilt ~lld .strtictuz-.al ctniract.er• 

tst.tcs .of the organism t6 .eftbliet' .tliaturitY• Body hair ~~ppeared e.ar11er, 

~yes openf3ti soone*' and eNS :ltlye1 ltlat.tcn oecilr.i"ed f!iooner ln hanciled 

~rntim(d.si Dift·erenees .in r(t$po\1s.e to exterh~U stres~ were related to 

difEet-enees in ACTH l~v.els and :t~sponse• Si.mil.ar d:l.:t"ferenees ·~el"~ 
' ' ' 

. ·. oJ?8t1rv~d b~tween mother .. z.~ar~~ and tncubator·r~area rats i(t'homai:'!. 

Levi rue :and. ·Arnt>J.d• 1968) • ·fhe '\fork ot sf,ttz, 19'*5• t<JSS;. (ioli4t.M-b., 

.1945; Levy~ 1947; Rtbblt!, 19iJ.;. Bowlby,· 19$2 anc;l Dennis, 1'91t:3, 1960) 
' . 4 ~ . • . - . . -. . . . 

.i·s well known and prov.ietes ·¢onv:lneing ev~den·e-e ot the retaraifig ,effect. 

of ilnder-.stlmule:tlon ;Q_nd mat:erna:l deprlvati<:Jn '~fi psy.ehoitlotor• lnlell~ 

eetu&l· develo~ent, and pbystcfil' 'growth •. · 

iBf:ikw.in U9i.t9) tound the ·evfd.ence ;cone1us.iva to.r emoti.ona.1 l1tul 

. :stimululs d~priv.·_-atioll as causes ·of infants:• tli-il·tire to thrive• lit :e. 
' ' . \' ' ' 

:revi.eti' of the ei'fac~s' :ot .stinruJ.us d~prlvatton,. Se~n :(1'96l) i&tt\tes ~hat f 

·liA!most 8:11 ~tudies of ·the past 30 years on the i-nstitutional '¢ijr.e 

J:iave one po$tu14t:e· tn eonunont t4at ·the ,ab.scnu:~ of l;nd~:vf~tud. • 



personali~ed nurture of the infant has been effect of a disease 

or environmental dafeet." Jones and Thomas (1956) on tho basis 

of work by Le Gros Clark and other neuro•anatornists demonstrated 

in rats that the normal dendritic structural organisation of 

neurones is dependent on the integrity of their afferent 1nputa 

a clear example of the fact that functional and structural CNS 

changes can be brought about by disuse. Recently, Powell. Brasel 

and Bli~zard (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 

role1 serum proteins were normal. IQs were below average range. 

Growth spurts occurred with removal of the children to an enriched 

environment, and ceased when they returned to the hooe environment. 

These considerations introduce a complication in the inter• 

pretation of psycho-developmental studies on malnourished children. 

Whilst most authors have been well aware of the influence of non• 

nutritive factors, no one has succeeded in excluding them. Both 

malnutrition and maternal deprivation can give rise to apathy and 

depression in the child: this in turn may cause a reduction in the 

quality and ~requency of infant cues on which normal mothering 

behaviour is partly dependent. 

Further difficulties arise when the effect of parental intell­

ectual and educational level on the test performance of the child is 

considered. The extent to which genetic factors are responsible is 

not clear, because intelligence is not inherited as a single unitary 

trait (Thompson, 1954). A positive correlation betwoon caternal 

educational level is clearly demonstrated by Knoblock and Pasamanick 

(1963) who give the following table s 



TABLB 2 

Developmental guotient by Age in Full-term Infants 

~ccording to Race and Education of Mother 

Education 4o weeks 3 years 
ot 

J.Jother White Negro White Negro 

<9th Grado 103 100 109 90 

9th - 11th Grade 104 104 108 102 

High School + 102 104 115 105 

Further evidence for the maternal effect on intellectual 

development is derived by Knoblock and Pasamanick (1963) from 

the following tabler -

TABLE ;J 

Develoemental ~otient by Age and Grade of Maternal 

Care in Mature control infants (After Drillien, 1261) 

Maternal 2 3 4 5 
care years years years years 

1. Best 107 108 110 118 

a. Middlo 103 103 103 106 

3· Poorest 98 97 98 95 

30. 

Further studies in Aberdeen, reviewed by Richardson (1968), 

provided clear evidence of a relationship between socio-economic 

level and mild to moderate mental subnorwality, as opposed 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 wogen with an upper 

social class upbringing have children with higher intelligence and 

reading skills than women from a lower class background, e•on though 
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the social class was the same tor both groups after marriage. 

This author refers also to the York of Skeels in the 1930s 

in which, by manipulation ot the environment of orphanage children, 

he demonstrated the influence ot social factors on intellectual 

test performance in children and on long term educational and occup-

ational status. 

Malnutrition in children is usually associated with low maternal 

intelligence and education (Martinez, Do 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 etfect on intelligence level (Biesheuvel, 

1952; Carter, 1962). 

5• Limitations of Animal Experiments in the Study of Malnutrition 
and Intelligence 

Animal studies, whilst contributing somo useful data with regard 

to causal relationships between isolated variables, f.au to account 

adequately for the complexity of variables in what is a distinctly 

human problem. One reviewer comments thus• "The rat may not represent 

a suitable model for the study of human development, nor do the 

experimental conditions resemble those encountered among malnourished 

infants." (Eiehenvald and Fry, 1969, p.6~5). 

Anlmala may be experimentally deprived of nutrients and calories 

in v.rious combinations to produce varying degrees of undernutrition 

without necessarily d.eveloping tho disease syndrome of kwashiorkor 

with its pathognomic features. The internal metabolic state of the 

undernourished animal does thore:tore not reduplicate that of the mal-

nourished child. 

Hansen and co•lf9rkers have stressed tbe invariable existence 

of a synergistic relationship between malnutrition and infection in 



human populations (Wittmann et al., 1967; Hanson et ale 1968). 

Tho 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 aro exposed in tho form of varying physical 

and biological environment, and the process whereby lasting changes 

in physiological and hence behavioural patterns are produced, bas been 

termed "biological freudianism" (Dubos, Savage and Schaedler, 1966). 

In the mouse colonies studied by Dubos, these influences includeda -

the effect of indigeneous microflora on food utilizationJ the effect 

of maternal diet on growth of the young1 the effect of early sub-clinical 

infections on physical growthl 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 tho psycho-social 

environment, which may be relatively more influential in humans than 

in aniaa1s1 but the assumption that those £actors aro more readily 

controlled in animal studies is not always borne out. For example, 

Fratmova (1968) in a series o£ sophisticated rat experiments o£ multi­

variate design attempted to study the simultaneous interaction of 

nutritional deprivation, litter size and handling. However, the design 

failed to account £or the effect of litter size on tactile stimulation 

(both by the rate in a relatively reduced space and by more frequent 

entry into the cage ot the handlers• handc)on exploratory behaviour 

and on competitive behaviour. 

This series of experiments also raises the difficulties in the 

evaluation and interpretation of behaviour as the dependent variable 

in animals. ~bus Frankova interpreted increased exploratory activity 

ot the rats on low•protein diets as reflecting a higher level of 



excitability in the CNS. This was regarded as bene:ticial in that 

it represented an intensified response to the environment. Collier, 

however, in commenting on these results suggests that activity 

involving substantial expenditure of energy can affe.ct growth and 

survival and is part of a regulatory mechanism for body weight and 

composition. In this case, increased activity may be regarded as 

a physiological response to an imbalance produced by tho diet, 

rather than a beneficial eftect resulting from the diet (Scrimshaw 

and Gordon, Eds., 1968, P• 323)• 

Barnes (1967) quotes studies in ~hich the water-maze was 

used in order to avoid the contusion of a food reinforcement being 

used with animals which have an altered drive for food as a consequence 

of earlier nutritional deprivation. No significant dif:terences wore 

tound in water-maze performance between rats fed high• and low• 

protein diets. Similarly• defaecation cannot be accepted as a valid 

index of differences in "emotionalltyn in the presence of markedly 

dlfterent dietary regimens~ 
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CHAPTER 4 

Tho Present Studl 

1. General features 

the general aim of the present study was to investigate the 

effect of severe protein-calorie malnutrition during infancy on 

subsequent intellectual development. Many indications for tho torn 

and direction emerged from the studies described in Chapters 2 and 3. 

Several weaknesses in previous field studies are apparent. 

None of tho investigations were done blindly. All used eatra-tauilial 

controls which meant that the esperimental and control subjects had 

been exposed to different environments. The differences found could 

thus be accounted tor by tho differences in stimulus quality and 

quantity of the ehildren•s environments. Furthermore it could be 

postulated that the experimental children becace severely undernourished 

because poor adaptive and motor behaviour placed them at a disadvantage 

in a competitive family group. Thus the studies 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 who becace acutely ill before 6 months of 

age showed the least improvement in test performance during rehabilit­

ation. ~his hypothesis could be tested, and the non-nutritive environ­

mental factors adequately controlled, only by pairing intra-familial 

subjects and controls. 

The most important feature of the present study is the uso of 

siblings as controls, in an attempt to control the many non-nutritive 

factors which play a part in tho determination of intelligence level. 

It is not assumed that siblings are exposed to the same early environ­

menta however, this is likely to be more constant and similar within 

one family over a period of a few years than between different families 
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hypothesis on which it was based could bo disproved, viz. that 

infants deprived ot dietary protein during brain growth are significantly 

less intelligent than those who bad not been deprived in this way. A 

correlation of 0.5 - o.6 is normally found between the intelligence 

quotients of siblings. The nul-hypothesis vas thus formulated that 

there is no significant difference between the intelligence test scores 

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

a. The Sample 

E!Perimental Groupa 

The experimental group consisted of 40 Cape Coloured children 

between the ages of 9 and 14 years. The primary criterion for selection 

was that the child had been hospitalized at least once during infancy 

for treatment 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 malnutrition. An attempt 

vas 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). The age on admission to hospital .cei'"vod as 

an index ot the age of onset of kwashiorkor. 

Control Groupt 

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 

tho paternal and maternal parentage of both subject and sibling. 

In all cases both subject and sibling had lived together under 

the same social conditions for their whole lives to date. Children in 
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foster parent care or adopted children woro included only if 

both tho subject and his/hor sibling had been placed with the 

same foster parents or adoptive parents at tho same time. 

The experimental and the control groups thus resembled one 

another in terms of parental factors, age, sex, social, economic 

and ecotional environment. Tho independent variable was PCM to tho 

degroo of fulminating kwashiorkor. 

l• The Test batterr 

The battery ot tests was selected to give a picture of the 

children's present overall intellectual performance. Because no 

standardized test exists for Coloured children ln this ago group, 

it was decided to apply the New South African Individual Scale, a 

battery recently standardized on White children in South African urban 

• and rural areas. This had the additional advantage of making the 

results comparable with those of Stoch and Smythe (1967). ln addition 

the Goodenough•Harrls Draw-A-Man test (Harris, 1963) was given, partly 

because of its value as an introductory technique in the establishment 

of rapport. 

The New South African Individual Scale (National Bureau of 
Educational and Social Research, 196,) 

This scale is oimilaT in construction to the Wechsler Intellig­

ence Scale for ehildren (WISC). The battery comprises 9 subtosta 

(5 verbal, 4 non-verbal) as follows•· 

Vocabulery - a picture-type test using a total of 30 vocally 

presented stimulus wordst the test thus requires the perception 

and integration ot an auditory stimulus with a visual stimulus. 

Comprehension • ton questions relating to everyday life situat• 

ions and customs. nesponses aro scored on 3 levels of qualitat• 

ive differentiation. and are thought to indicate "judgecent" or 

Special poroission for the application of this Scale to the 
sample was granted by the Director,. National Bureau of 
Educational and Social Research, Pretoria 



"common sense" performance in which both emotional and 

intellectual functions play a part. 

Verbal reasoning - a similarities test, the first two items 

ot which are in analogical form. Responses are scored 

according to Rappaport's levels of reasoning, i.e. ab~tract, 

functional, concrete. Performance on the test depends on the 

ability to distinguish between essential and non-essential 

sicilarities, to generalise and think abstractly. 

Problems ... 15 verbally presented arithmetical problems, 

considered mainly as a test of concentratioll ability. Success• 

ful performance is dependent on training and the score therefore 

reflects level of school achievement. 

J.temory - a test of recall of meaningful verbal material vocally 

presented. 

Pattern coupletion - performance requires free response in tho 

completion of 16 partially completed designst time may bo taken 

into account in scoring. Visual orientation as well as ability 

to concentrate is involved in performance. 

ploc~ design - a Koh's type test which require& analytico­

synthetic ability and especially the ability to solve problems 

in spatial relationships. Scoring may include a time factor. 

Absurdities - similar to Wechsler's Picture Completion subtest 

but containing incongruities as well as omissions. 

Form Bo~d • an adaptation of tho Loake•Smith Form Board and 

consisting of 6 figures• three of 3, and three of ~ loose 

coloured pieces. Scoring is based on tice taken to complete 

each figure. The test is regarded as an indication of qualitative 

aspects of intelligence and of temperament factors in tho solution 

of concrete problems. 
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r~t.W·st ·;Standard. seeres Q:n ·the m(lu and· #bmtftn, ·tl~tawin9· a~~ O.v~rti.-g~d at\d 

· · · .: .. , ; .. t.ile· ~·~s~· ts· par~i(:u1atlY· ~setul. in that· lt is. noft:"'thre·J!!t~ning · 

· ·to ch.!i.ldrefi.t. aam!n .. l$:~raU.on !l"d. .:s.tor!.:ng is ·r4Pl·d,. re'llab~ltty ~nd 

·Dtl· a popul.at·i<)n ·of· '\~bite ·SChool etlildrefn 'bY fi.tr.umpter' .an$ ,Mieli.le 

(1966) ·U$ing· the w.s~A. .. t,.s •. thGy tound· rt.d~l·abtiity eo~tt1e1eJ:J.ts, ,of 

o~,sa tor the "t.iiln Scdti arMi 0;•92 t6J. the womtu\ Sct~lf); by: the spii;t . . . ' . .. ·. '- ' . ' . . . ' 

ht~'llvos ~tltt;<i-, Lov •. but J;taU.stlcarU.y s:igntt·t:ennt.;_ · ecsrr~latt:ons 

were to~rtd .. ~etweGn t!te ·Good~nougll•il~r.i'!!J .$eorflU:J 'tltL4 NSAI$ subtlc;!sts';. 

tb~ bJ.,gb()st. coeffiei~t o.t •:61 was. obtfitne·d b~l;}teeot,l the ~1an Sc~le 

.and 'the Non•verba1 :u~. ·6n the: .Nshts,.; G·efi$i'-f111Y:'• · ,cor.r.~l.atto1le to-e~(Y 

lower- t-orr ·the· :Wqmau Scale. than· th~- :Man .Seale whi··Ch •cont'tl-me Htu"ris• '·- -. -- - -' - .. . . -,. .-- .- . •: ' . 

st,at:~ment ·thaU "'Possibly the f.o·l'nt. Sca1·f! :method· tor ,$cor~ng, the 

woman figure .is ti<>t qu1te ;as r,evelfii~g" ot. ehiinoes tfi l'$YChi)~()g!et:il 

mt\*ud.ty as . .Ji.·s tbe'~:m~n· :fJ.gur.e'''•(jtarrtt4, l96!h p~ ·11,9),.. ,j[n ·tt'le. 

pr.l9sent st~dy.. only· the N$U' sca~ra 1fa$ ti'nallYc. us~d alii· 't.itne ·did: ;not. 

El1•a.ys pertnS:t the .;cumph~tton t>f· 3. drawjngs ,by the . chtl<im.".Sb• . · . 
. - . - '\ 

. Th(f arawin0-a we'l"e·al:so · s).tt)~.eetiv.ely .:ass~~!n~d a~·cor41ng· 'to .. 
. ~ ' ~'. 

the (:(Jnfii·ct :b1tiie~tor.s ·of M(lcltover (1946.},,: vta. ·otnlss.io.ne., ~xe«:!ssive 
' :.. . . 

eraEiure&l···tnaf'~ed shai.'lli.t)g t1nd sexual· .s:ymbolismi.. t.J;.~. a$S"t!ssm(!nt was 
.;,. - . 

·done·. bJ,.ii:ldlV•= ·the idrawli.ngs !ln which ·t.ber~ ·wer.e ·marlted indic;1tl·on~S· 

~II -~me>tional dist~rbanee wer~ seJ..ected ati4 .iaent.t:firt'll.i ·later• - . '. ' - . . - ~-~ 

'-.. ,. _;.. 



r;. ' ; ' 

T~st~·ng ·~~ the. eliU.oreti \was >begUU tn 'Mt:U:-ibt' 't9M3: fJ.rul ccontl·"-U~d 

th'rouoh. ·May• ·· /1969. · · 

C'ortd1ti6ns ·$.~1 'th4 t~~;Jt si·tu•tion · wet'a k~pt a.a· c6nst-4fit ··fi,tl" · 

J.)o$$tbte.. · Se·sslcu'ls ·. :Wel"'e · cill···h~ld 'bi the · .ttttt~t'hoon·~ ·: irt 'th~ ]1g~~hiatr1e 

· cU.nle ~or· the ·~a ·cross ·~ar,~lem6r,ial cht:ltit~G·n'•s ·tto.spitai•. · :tb~,-~hU.d.­

l:'~n wei\~ ·testell ·· !ndtvi.aual:tr ·:by r th~ · same ~•ih~r~ · ·A · .I!Jubi;~et ·inti' his 

.sib;\ big· were ~ested 9i1 thra i$aille-·dayf·•,tfl~ ot<tltir · tJi ·wbii¢b th~)" w~.-~ 

·ttrtn!J\Gti. ·~raa determi.het.i · ~Y ·· .t'i ipplil9 a e61o, '!flie btittt~rr 'of · t·a$·t§ 1t~s 

ctH.v.1d~tt ·tnto t1ro · rc.sughly .squat ·Parts,· so ·that e•eh Chlld .b&:it A i'l)st 

peri()d of ~t .least 6o m.i:nute.et b(jt1-ie~n pu~ar ·wh~ti ·th~ · tlrst·· ~u~ ·.baa 

b~en· .eompl:eiea · b.1 'bOi;h -:chil:dr~'t:l'tney joli\Gd ·:each :ot.lter tor ~f&: :15• 

tn.i.nutri 'breAk ·during which tbey V6re ·,given trutt cordial .6nci 'btaeuf~~·· 

. AJ1 te.~t·tng antl seor.inu 'wa.·s donij bls,rialy ·~ t'ht:; test seore sbGet.s 

were coded.· C¥nst shuftlt!d betore. ~~9rin!J, an~ ··tl:ltt group .~s:$1gument of 

t.he ·chittlren ·wa.~ ~o~ l"eV·efi\teu~··to thEr e~anl'bu~r. ~Y tho· ~cbllaborat·~r 

unt.il jafter ·the qtlo·ti.ente hati b_een ,ea,i,~ulated~t ~$o~lal t1nc1 ~¢ho1.ets1tic 

datil 'wf}i"e eiE~o f'.ev.ea:uu1 ofil,r attar ~he t'&tud quoti:Gnt:s .had' be(!n 

' . ; ' 

. . 

S1itiUifllrlg holght; ··W<eifjbt, · t,lt14 ht~ad eircur.1tei·~tu:e were meaT:rtl.-ed 

·on eaeh: · :chU.d .at· th~ end -,<>f :the ·;tel!ltii'lg stission• -. 'the BOI3ton a;;owth . .., . 

Cbildr~n · at ·or· 4bove t.be 3rd :J.lt3t'ee~tU.e (tJqulv$:J.e'nt tj) t '<8b7~·· ot · i • 

~xp~cted.' beii.oht or w~lsht r~·r · :t\g~·) wel"e .regtur4e'd .as' ·having · att~iitotl 
. ~' ' .. .<..··.', • .. . I · · ~ < :. 1 · 

soeid11 &ata were ,i)t)t.;atned·by ~ · tratilea ',Soei'a1 :rfotked: 'Who had 

bGen t.rt ,eoristl'nt totlcb · ·witil th~ :ttW~lt i·es ovet- :.t;n~ ·pas~.· to :1·e~t3i.: 
'fh.a $o·eitd. cond!'tlous undei< 'Whl;eb .. tho .fat.~U.')" ·ti:\ri!d. ;(t~t"e l'at~a ·on ~ · 

' ,. 



"poorff,J~~ ,(tl;t'ld nveey pQorn. ·(:H., .. S(:hola.stic.·tt~t~ ,wor~·,.crbta.~-t...~:!:'i · 

,fttun ii~l! .. efi,i1a• s ;sehooi .principal .by p1ear~s ,of ;a,_ .quest~t)l)\1~~·r.a.~ :: . ; 
'. . ' ·''· .,, :·· 

--~~te~n ~~b:1.1dr;en had .!tGs .$'s part. (}t' ~n .e~tier it)vestt·gd;t,l<JnJ 

~he al,Pbil Jnt'h.!!:t wa~ .used Be .a; :m~n·sqro 'o( ~a.tttrity ,o:t:,:~e~~tl~~l .... · · ...... , 
• ~ - ' o ' ' ' ' \ ' I • • • ' ' t o ' ' • ', 1 • ' • ' ' ' ' I ' •! • o < ' o 

rlt_y~t'Jm (Evtt~IS .o.qa .. aara:tts~r, 1968>.~ .. Eteet:t()f!l:~ de;*~ ;pr~c·es~i~~: ··, .. : .· 

·w~.~~P~rt~o~m~4 .. on a:n. JeT, 1.:%01. ~OfitpUtc:r~ . Mu!~s:p~~ i"-t~st~. ~~~,~- .. :. . , 

• ' . ' {. ., ~ • d . 
.,' ·•.o J ' ' 

.. · ·.' 
' ' ' 

'. ' .. ' ' ~ . ' ' ~ .. t''. . .!' ·;:' r-

: t I''.' .. 

-·:·: 

~ ; t . 
\ .. ' 

; ' 

":' ! ' " ·'' 
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I' 

ll(!sulte f . . - -

.•. ' ' . i ' 

<(kwasM.orkor) and Control (elb).ing) Groul>s (lt'e summari~(!ld in 
·:;' :•'. 

' ,) 

-,. ; 
· 'tABt.£. ... 4 
--~· .. _, __ -

:. ; ·:. ,·,:' '.l: ' 

~ i ' > I i. ' ~· ' 

' ! ' I -~ • • 

Age (.~aar;s) U .• iO 

Xfite11igenet! scora ' ·77.37 
i,~o~ 

'l5ciS2 

.Verbal.S~ore 
. . . . .. ~ •, . ' 

· · N<:)n"'Verba1 ·s·core · 
· · · tt~rts · Sebre · 
. · We.lght ·~ Normal :. , , · .• 

Helgbt,$ Notmal 
0., ; I ' ; '! • ~ ' 

!st.s? · ~1-aa 
7?·5:> ·11~92 
~.5~52 1?. •. 6.2' .. 

. 7:h6S: · t-o.vtt . 
89~92 5·$1' 

'I o < <, I "' 

Head Circumference 20.26 .:Q.,;60 
· . (insl : · . , · · , , · , .. .'1\' ': 

Pot?itionlnStbshlp 
i ' . ' . ' .. 

Welght on vtt;charge 
(96' Nortn.al.) • · . I' ·, 'I' • ' 

J • ·: 

: ! I • ' I ,' , ~ ; •, \, 

: ... \ ; 

... ' \I 

10.~9 l6S7 ·Ch32 -' :f;t~s~ 
?:?.67 .v •• es .. o~t6 ~,. ·N.s. 
:et·.42 . ~6;;.19 .. · ·o.ov · ·· w.s~ 

i · i • 'ji' '.·."!•·:··' •,' \:'r• 

?7•55 . Il.:!<o33 o .. N.~s·. 

• j l ' 

: 79 ~ 62 ' .: lthO:J 2.-"S3 1 
' !<()·0~ . 

7;..3~ · .· ll·e;l.tl . jl~j$, ... N"'~• 

·9oi24 6.·o~ o.ie9 N~.s. 
' ' r t ! : ~ · ' ' ' ' ' ' ' 

:ao.,t1. · p~l~5 ,o~98 ..... ti.~~~ 

' .... ~ 'j: ·-

! ' ! ·. ~ ·. . ' : ' ' ~ . \ ; ' ; .' 

l • ' ' I • • • ~ ) : .. . : • ·. I ; ; ' . I : { .. ~ . ·: 

··No' slg~i':tica.nt dttter•~nc.~s· ':Wet~ toull'd bet'viee'n ;e3q)er1rneti~.a1' 

std;je'cts ·and eo~tro·l$: ;o:n Full). ·sc'ai~· lh'iteiliigl!l'nce· ·scor-e,. ·ve:rb~l; Scol":e · : 

or Won•'Ve'rbal' Score·~£ the Nst.~·s·.: Tluate was .a. ·po'sit·l'v'~ eoi:'rei~tion 

ot ~o.62 between subjects ~nd sl.bli·ngs on Full Seal~ Scoi'e~ 

No .si·gnU'teant. diff·$reri~e~ . ~~tween the ·groupe we:t~ found on 

th& Subtest Scores~ ''l'he ··eorrelaU.on b()tween .l.ntelU.genc:;e :Score and 

degr~e o.f ;see tal pa.thot·ogy was. ·0~~.3 in the Experimetitai Group and 

....0~3? .tn the ·Control. ·Group.. Lot~ negative eor.relati·ofis 'War.£! found 

', ' 



~~-·. ... . 

between lrtte11fg·este~ Score and .t'aftlily s!¢e tn: botil gt-oups. 

' HatrJ$--G~odeJ.lOUQb•' nt-a~inq nt(:)st'• 

A s.tgn:tticant cU.ttl!rence wa,.s tounct 'betwet'lin ~subJocts ana· controls 

t)fi the u~ris Drawing Scoro (p_ < ,o·.o~),. The correlation b~tween 

subj.eets ~tl .sibl.lngs was 0.•84 •.. A ;correl·Atio" o·t 0 .• '62. between· Harris 

Score anti liu11 Seale tntelU.gence .scor.(9 Mas :foUnd in the ~o~trol Group 

·.and 0.67 in _tbe Experimeni.a;tl Gr:~u,p~ StrnU.t,tr .eorr~l,ations' W~Te tound 

in both (j·roups .fot' ~u. trubtes(,s ot. tb~ NSA.l~ e.xcept tor t11e F~f-m Board 

'.in tb~ E~tPiU:·imentail. Group" whtl!re the :corrt!le.tion ;was lover (Ofl~J~ 

. 0.£ the 14 ~awtngs selected.. ,as lncU.t:aU.ng mEirkett emot.l?titi1 

·distui:'bance ~Y Maehc>~~u·:•s (19.t.tH .fiJ:'itor.ia.;· 9 w:ere ,tro.m .thea ftxperirn¢ntal 

Heisht 

twentr•:two children in the. Experimental gtrcn.tp and 21 :Control 

·,children wer~ ib~16w 'tbe .:Jrd p~l"centife tor 'height :f)'n ·the . Boston ·growth 
. ~ . :~ ' . 

"the mean tntQllfge~e~ !Se<>re aehi-cavea 'by these eht1dren attt not 
. . 

~Utt.ell' sli.on!ticanttr trom the Mean ·s·eorf3 obtained by. tho~~! ch£:t.d.r~n wb,o 

had attained th~ ·.3rt! p~reenttle in elthei'' .. ot the groups :(t = Ot~~~ 
:~~tperimtlntat Group~ t i: l:.ol., Control ·Cr~UJ>l• 

Nor was tliere .any $igl1:i.f!•C;4ht ai.fti:1r(n.tee 'betwt:H·~o the two groups 

for th~ l\iean intel:U.genee Scores obt:id.ned '>Y ehit·tb:'en abOV(!t :and child• 

ren bGl(>w tht::l )rd .pel'·c$nti1·~~ .in 'height• 'the ml!!an pereentase- e)tpected 
,, • \' ., , •• 1 

h~ight was 89.9~ in .the ·i~~r.imeti.tG:t 'troup and 9o . .-~% i9 ·~he)!:ontrot 

'GI'O\tJh · the di.tt,ere~ee "4~ pot ,i§ignl.f!cant. (t e ().,03). . .. . '. . ~ . . .. 
- .. wetsht 

&i~t~en ot t,h~ Expo'rim~ntai ~Ubjects and 15 Control ~hlt(}r~n 

were _below ·tne )t>d p·ereentUa ·tu \veio1;'i~ tor .age 4!lt tl!e time of testing 

on the :aost·on 'Orowth charts. there. was no :sigui.tleant ,(iift'e:renee .il'i 

ei.thE!r of tfle gt"otips between the m&an lntei~igencfi :score :·Olf thos~ 

(!bH.dr-en abov,e artd those ·ehJ.ldren b.elow the .3rd percen~il~ i.n weight 

,. 
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(t o 0.24; Experimental Group1 t • 1.57, Control Group). The 

di~ferenee in intelligence score was not significant when Experimental 

subjects who wore belo~ tho )rd percentile were compared with Control 

children who wore below tho )rd percentile (t • o.68). No significant 

difference in intelligence score was found when Experimental subjects 

and Control children who were above the )rd percentile were compared 

(t a o.68). 

The mean percentage of expected weight was 73.6~ in the Exper• 

!mental Group and 74e3% in the Control Group. The difference was not 

significant (t • O.)}. No correlation was found between the percent­

age of expected weight at the time of discharge from hospital and 

Verbal, Non-verbal or Full Scale Intelligence Scores in tho Experimental 

Group. 1'he mean percentage ot expected weight on dischargo trom 

hospital for the Experimental Group was 67.85%. No correlation vas 

found between Intelligence Score and percentage of expected weight at 

the time of testing in either of the groups. A low negative correl• 

ation (-O.a9) vas found between percentage weight on discharge from 

hospital, and the degreo of social pathology. 

Head Circumference 

No significant differences were found between Experimental 

subjects and Control children in head circumference (t s 0.981 

p ? o.os). ~he correlation between head circumference and Full Scale 

Intelligence Score was o.a4 in the Esperimental Group and o.llm the 

Control Group. 

Alpha Index of the BEG 

The alpha index (percentage time that alpha rhythm is present) 

did not corrola.te with Intelligence Score in the 9 paired Experimental 

subjects and controls. There was no significant difference between 

the subjects and controls in alpha index (t s 0.9~. 



A .negative eorret.a~·ion .. ()f ... o,~;JS oecurr~d bet:WE)en th~ ,hg~ •of · 

'11~ ~hi!,d on .adm.ission to hoep~tal. .arid the Full .,seale lniteliUt)~ne~·. · 

$corG il:n·.the ltxparimental· Group.. the meaP. .age. .. a:t. i'ir.st ,admie.sion 

wE~.s 19•:6 montll~ {s.d, 9.6). (One chlJ·d wa.'S ~atd.tte4 tw:i·ce • ··~<'9£H:t 

•s· month$ ~nd ·;26 . months l,• · 

t'he sample tvc:s. then aivtd~d into 2 sttbstUilple:s ··on tb". ibasi.IS. ;Of 

. a.g~ 'of admission tt'J 'ho,sp.ttal. .$ubS"ample t et)nalsted o.:f .19 .sub.j<!cts· 

.·~c had .been admtttea. between the .ages 1Q r• 1$ months; .and ~helr· · 

contro.ts. · Suhswop1~ ll ,r:on~ist~.d ot · Bl sub,je6ts Admitt6d bt1tween 

the ag(!$ 16 ... · 4a·. mo:nths a~d theJ..r.· eontroilh M~an li'till· Sea!~· .fnte1U.g'"' · 
. . 

,l:)ttt~ Seo1"es tor the ~ubsampltrl.s are· .sho~ ·.ttl the fol~ow;irtg tablet 

Sub.sample · X 
N_e 19 pairs 

Subsampl~ It 
:N = :21 pairs 

10 ..... 1.5 
ntontlls 

16 - t,;8 . 
months 

. ,· 

TA'BLE · S , ,.-_ : .-. __ ·_ y 

'$ib. 
...... ,_ 

' ... 

~ • I ; ( . . /~ 

Kwash. .Slbit t-
r-·· 

__ ., - - -· ·~ 

84.·7 a~-·6 0.16 

7067.·· 7).·2 1.4 
~- _ .. 

Ja:24 ; 2.o? 
P < o.o.t -· p· <. ·.o.o$ 

~ ' ' 

·p 

ths. 

N.$.• 

·eith~r .ot the 2 subsampl·es w~t; ftot eigni.fleant.. :however, signitic«nt 

'aifter~hces'. ;bt Fuli scale . tnt~lli,gence Scores betueeri 'the a subsamples 

were fourit'l .$.n both the Experiment4\1 and .the .tontl:'ol group~ •. 'The data 

were ~ub.jee:ted to rurt'hf:;r an~lysls ;ln a:n a.tt~~n;t:-t to eluei.ttate thh~ 

. tit:ttU:no•. 
. ' 

. · . 



48. 

of the groups were found in percentage of expected height, weight 

or in head circumference, family size or position in sibship. 

In both the Bsperimental and the Control groups, signi-ficant 

differences in Verbal Score and in degree of social pathology 

between the 2 subsamples were found. 

In tbe Experimental Group only, significant differences 

between the a subsamples occurred in Full Seale Intelligence Score, 

Verbal and Non•verbal Scores, flarris-Goodenough Score and all NSAIS 

Subtest Scores except Memory, Blocks and Form Board. Because the 

subsamples were not paired or matched, comparisons are not valid. 

Inter-group differences in test scores were therefore looked for 

within tho 2 subsamples. The results are shown in Table 6. 

'lADLE 6 

Mean Test Scores for Ex erimental and Control Grou s 
according to Age of Onset (admission to hospital 

Subsample I II 

Group Kwash. Sib. Diff. Kwash. Sib. Diff. 

Verbal Score 89.6 87.5 N.s. 74.) 71.0 N.s. 

Non-verbal Score 8a.8 8o.4 N.s. 72.8 74:.4: N.s. 

Full Scale Score 84.7 8a.6 N.s. 70.':/ 7).2 N.s. 

Harris Score sa., 84.8 N.S. 69.4 75·9 t D 5.9; 
p D (0.001 

Vocabulary Score 9.9 10.2 N.s. 1·5 6.) N.s. 
Comprehension 9.6 8.5 N.s. 6.9 7·2 N.s. 
Verbal Reasoning 10.) 9.6 N.s. 8.4 a.o N.s. 

Problems 7.4 7.0 N.s. s.a 6.1 t = ).O; 
p D < 0.01 

Memory 6.7 6.7 N.s. 5.2 s.o N.s. 

Patterns 7.4 6.9 N.s. 5.6 5.6 N.s. 
Blocks 1·9 7.) N.s. 6.9 7.2 N.s. 
Absurdities a.o 8.1 N.s. 6.8 6.4 N.s. 
Form Board 7.2 7.0 N.s. 6.2 7.1 N.s. 



The differences between tho early~onset and late-onset 

groups wero thus eliminated by the controls, but a signi~icant 

difference between Experimental subjects and Controls on tho 

Harris•Gooclenougb Test and the Problems Subtost emerged in the 

late-onset subsample. 

Scholastic data 

Data concerning performance in school was available for '0 

of tho Experimental subjects and a? of tho Control children. 

Three children (a from the Experimental group and 1 from the 

Control group, were in Special classes for children of subnormal 

intelligence). Jo'ourteon Experimental subjects (46.6~) o.nd 9 of 

tho Control children ()).)5~) wore above the average age of their 

classes. Ton £xperimental group children ())•3~) and 11 Control 

children (~.7%) vere younger than the average age tor their classes. 

Four children (1).)%) in the Experimental group and 6 Control child• 

ren (22.2%) were average in age tor their classes. 

Scholastic aChievement was strikingly lower in tho Experimental 

subjects of the late-onset subsample vhen compared with the eontrol 

group. In the early-onset subsample, Esperimental subjects and 

Control children were equivalent in level of sehool performance. 

Social data 

'the mean rating of 11ocial pathology on the whole sample was 

"2", i.e. "poor" aoeial conditions. The mean number of siblings 

in the families sampled was 8.4, the range was from 2 - 17 siblings 

por family. The oean social pathology rating in the early-onset 

subsample was 1.8, and 2.) in the late-onset subsaaple. Tho 

difference was significant (t • a.19t p < o.os). 
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.. 
Discua$ion of the .results ot thih~ study is ta.eil.t't'.ated by 

the to11owlng diagramm·atic ..-epreeentation !of tb& v.areiablest 

INFEC't.tON . . . MATERNAL Bt SOCIAL LOW l$AJtENfAL 
~ ......, 4 . . . ~ ... 11---.INTJ'iil.LlGENCIL 
\.-MALilUTRl~ / DEI'Rl'VA't¥0N • · · · · · ·· . J •..... APATHY ---.. ! 
l3RA1N 1DAMAGS ~ POOR . PSYCHOLOG~CA:i. 

. 'tESt. :Pf;RFO~NCE 

In th-e previous .atudte.s .reviewed in Cha,pt~er ~t .·b-r*1n d:atn~ge 

r~suU . .ing from prot;etn•calori·e matnutr.ition ·was ·pcstule.ted as· the 

'C!lUSe of poor psychologt·cal: tes~ pertorman~e in group$ o'$ c;h11dr·E!fi 

.rehabiU.t.a.ted. atter· ;mart.tsmus ti.nti/or kwashiorko.i'(. Brain dEU!lO.Oe:t 

however, iS only one ·of several .vUiables Which ··COfltr1bUte4 to poor 

t@st performance, othtl!rs being the apathY o.f the ~eute1.y ill or 

. ,sub•optlrnl;l11.y nouribhed .child; an impovt;ir$-shed :and non~···~titirtilat:ing 

These ·factors alao ~cc:mtr5:bute to the 1ncd.<t~nce rot PeM. In th~ present 

.study, the gf'oups <U.tt~r.ad ··onlY in that. the .PCH ·.in the ~xperbr.ent(#.l 

group had "b~en of ~uftlci~'nt .se·v(ilrity to ·t:(ilqse 1an eplJ3ode of fulminating 

kwi:ushiorkor requir·ing in•patient hosp.ital tre~trnent~ .j\ eonsiJE!tEmt 

:sigtllfi,eant .·tii;ft'erenee in. the p.syebolr6g:ie.a.l test pertormartetil between 

the grourH3 ·t::ould .thus :be .f!.ttributea a.irect.ly .to tbtt eft~eta. of. thi:s 

~The r:esul. ts ot this :study .showed no .signl:ficant .<U~fterenees it~ 

.tntelligenee Score betwE!ein tbe groupe ·.o! ·rehabtlitated kwaahiorU.o..-
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differences between 2 groups. This indicates that the episode of 

kwashiorkor itself had no significant effect on the intelligence test 

level or the physical parameters used in this study. 

The finding of a negative correlation between the ago of onset 

and tho 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 ago at time of hospitalization was used as the index 

ot onset, this finding may indicate a relationship between prolonged, 

chronic PCM during infancy and later intellectual performance. 

Conversely, earlier treatment and the initiation of long term medical 

and social supervision may have alleviated prolonged, chronic PCM 

in tho family, and contributed to improved social 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 subsample. Social conditions under which the late• 

onset subsample lived were also significantly worse than those of 

the early-onset subsample, as indicated by the significantly higher 

social pathology rating in the former subsample.. This factor could 

also account for the differences in Intelligence Scores• severity o£ 

social pathology and Intelligence Score were negatively correlated. 

tho significantly lower Verbal Scores which lowered the Full Seale 

Scores tor both subjects and siblings in the late-onset subsample 

may also reflect the significantly greater 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 

coamunity that the mothers whose children tended to gro• poorly 

spoke most frequently to their children in a local dialect rather 

than in the European language of the larger community; from the 

first days of life onward, poorly nourished children tended to be 



exposed to a cultural and linguistic environment which differed 

from that of children who were growing well. 

sa. 

The findings which possibly can be attributed to the effect 

of kwashiorkor are the significantly lower scores on Harris Drawing 

Test and Problems Subtest achieved by the kwashiorkor subjects in 

the late-onset subsample. The lower Problems score may be a reflection 

of the lower scholastic achievement in this group, or may indicate 

reduced ability to concentrate. The significant difference between 

kwashiorlc.or subjects and their siblings on the Harris Drawing Test 

in tbe absence of significant Intelligence Score differences 

suggests the interference of emotional or affective factors with 

the children's cognitive functioning. Hartis (1963, p.25) quotes 

studies which associated a discrepancy between Goodenough Score and 

Binet lQ with maladjustment and delinquency' positive affective 

states induced experimentally in children were shotm to ra.f.se the 

Goodenough Score. Xn a more recent study, Levine and Grose (1968) 

showed that Harris•Goodenough Scores were significantly lower than 

VISC and Binet lQs in a population of children referred for psychiatric 

treatment. 

The ti.nding o:r 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 kwashiorkor subsample. Only 

3 were identified as siblings of late-onset subjects• 1 vas from the 

early-onset kwashiorkor group, and 2 from siblings of this subsample. 

The poor ~cholastie performance 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 



.appro~imat·c · .qlo,s~1y ~to the ·mean i,ntet 1 tgenee . st<or~ :in .stoeh .ana 

. Smyt:be.•~s ·Control '.group; o.n the. same test bat!t~ty:. (Stoeh and Smythe, 

1967)- · · t.ow intel~igrlilea t~at 'aeores· ·in ·ih~:h· tfiata$rn1-e g:i'oup were 
'· 

: ' . ' . ' . ' t . 

dominance· of theta ·~ctivity li\arnii:t.ser and .J;;v.i:lfis; .1969}. · ':tn ·~noth.~r ,. 

tnvestioati.on/ ·no. ~~d.gnifieant dtff~r~nce ~as :tdund ·.1ri · tt'ie tri<ian ·.alpha., 

l·nd~&. 'bet\te·eti a 1.arge .qroup of 'kwasbior'kot r~hf1bili~e6s .t~nd theb~ : 

,-stbH~ngs · .. (Evans !Qnd Baraltse!r, 1968}~ · These ~~G rtridlnge. corrobo.r.ate 

the· irita:n.t9eoe~ t~E~t tlndin.ga· ·tn hotb th~ present ~study ·.Arid· the 

,study ·ot Stoch 'and ·~mythe (1967> .•. · ·The :ditfel"eriees b~twceri t:he· ol"~upe 

~n 'th0 ta.tt~r :study ea11not, boweve~., be .aecribed with .eonf:itlenee ·to 

PCM ·g~r se d.u,e ·tO the impol"tarit; .non•nutr.itive., s6cla1 dlttilr.efiees 

whleh ~~!sted beti\faen th~ :mata:sm~e and control ~.g!'oUps-6 
. l 

'1'4- :po.stul.a'te that in some t.>f the pr.Gvlous stU4t~d ftreViewe;ti 

i11 ·Chapt~.r ;a') prim.ary .rn~ntal $UbnormaU:ty :m~ ba:ve ·t'olltt'ibutod· t6ttard 

the ·occurrenee of. 'klfaehio'rkot-., te not born~ .out ·l;lY the tincU.ngs o.t 

the present ·study' Agai·n., however~ tlle po.sslb1U.ty is, in.ain~a,J:-ned 

'that th~ riesults of: t~ose stud.le.s may be due ·to th~. intluence.<ot 

~ .. 



CONCLUSI()N 

. 1·fhe resuits ot' this study itr1.U.eat~ that 'thare are :no 

signifi.ca.nt di.lf'erenees in tntetlectue.l deve1opm~nt between 

ehH,aren who suffered ·from. kwatthlorkor e.ar1y in infan~y (under 

1~ .moriths o.f age) .and th~$..r sibU.ngs who ha4 no such acute· 

nutritional illness. Ho\oteve_rt _.a,. deficit. in tntellect'(lal ,maturity 
••. " 

. ·- .- . - . ) 

!laS found when the ttettte epiiSf;)de of ~washiorkor ha.doceurred 

f~ter in life. tarter the age ot 16 ,mC,nth-~), .·which eouia have been 

ea.ui3ed by ltlterference of .a.tfeetive tac:tors in the ehi!d_r.en'.s 

cognitive proeGsses• 

auffero4 very sl:l\r.ere and :prolonged· .n\ltt"tt.tonal deprtva:tiQn :rriay 

show intelhn::tual retarde;tion when ·eompat'~d wt-~h children ·who 

t'ur*-ber testing ~hill .hy:potbes!s l(oUld b~ to compar.e children 'llthc:J 

. are nutritl~na.11y .dep.rived by vi.rtue of an i.nttl!!!t.i:nal .mal.abs~~pti.on 

syndrome Wi tb tbelr .. sfbl i.l)gS i !m.t\k!rtg dtie . l!lll·b\'fi\tlCEte for 'tb.~ efferet 

,t)f oitfer;ential paret1t;fll '1at:tJ. ttidtJe t.O their ft,sJ.ek'Vf ,tltid. :llwel11f 

cbUdren.. No sueh srstemat!e stttai?:s hfA.Vi.e been don~., but the clinical 

evidence ao tar ls that ·ehlldren with c,ysti,c 'f.1bro:sis,. coeliac cU.sea.se,. 

etc~ are not generally intc:;lleetu.atly :impaired i(GraJ:U.ltn, ·l968h, 
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APPENDIX I 



"Examples of . Drawings i$.ssasBtH1 as ehowinQ 

a relative a.bs~nce of. emotional eont'lic.,. 

All dra\\tings aro responses to the inr;;truction to dra:w 

a man. Standard size paper, and penc.ns with rubbers 

. were prcwidod. 
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EJ~;amples ot Drawings .e.sstH3Bed _as. showing 

the presence o:f relatively marl<ed ~emotional conflict 

All dr.awings iU'"1! responses to the instructi<>n to drflw 

a man. Standard siz~ paper, and pencils witll rubbers 

were provided. 
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APPENDIX II 



One of the subjects (aged 18 months) durino the cute phase 

of kwashio~kor, in 1959 . This was a relatively mild case, 

but demonstrates the skin lesions, gross oedema nd irritability 

- or misery. 



The s e subject in 1969 (Left) together 

with his sibling (Right) . 
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No. AGlt 

a - ... 
c- ..., . es 

M .... II) o.c IJ. 
f) ~ ... lll-tol ... 
Ol •>- s: e : o- o-

E-. 

1 M 8.? 79 
2 M 11.7 71 

;) F 11.2 91 
4 F 1).9 106 
5 H 10.5 91 
6 M 11.2 88 
7 F 8.8 106 
8 M 12.8 93 
9 M 1.3.3 107 

10 F 12.4 82 
11 F 7.6 95 
12 M 11.1 68 
13 M 1).5 93 
14 M 1).8 84 
15 M 10.0 72 
16 F~13.2 62 
17 F 12 .. 6 89 
18 M 10.0 79 
19 M 9.6 87 

INTELLIGENCE 
SCORES 

0 ... 0 = • ... .... 
Sl 4 ~ ... u : (/) ... 

~ • ... 
c ... • 0 ::s ...t 
z ~ 14 

k cs 
= 

74. 74. 79 
85 7T.. so 
83 86 69 
95 102 77 
81 85 87 
76 81 87 
83 95 83 
90 91 11.3 
76 9.3 94 
8) 81 102 
90 92 77 
94 89 109 
85 88 87 
76 78 78 
58 62 75 
64 59 63 
8o 83 106 
69 72 75 
65 84 69 

TA.BLE OF RAW DATA 

2. Sibling Group - Early On•et Subsample 

SUBTltST SCORES PHYSICAL DATA SOCIAL DATA 

• - 't.~~ r: .t:: at • • Ill a 
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10 6 7 7 1 10 4 5 7 66.o 84.7 19.50 15 11 2 B 
7 7 7 6 4. 6 7 7 12 80.4. 95.0 20.50 ) 1 .) III 
6 9 ll 6 11 8 8 9 6 8)..8 9).0 11 8 2 III 

14 10 12 9 10 6 9 10 11 89.) 95·2 21.25 3 1 2 A 
9 8 11 7 10 1 7 10 6 8o.6 10).4 20.50 10 6 1 II 

12 10 9 5 7 4 8 10 5 76.0 90·3 20.75 7 3 2 
17 14 11 7 7 7 6 8 10 76.8 97.1 19.75 8 3 1 I 
10 9 12 8 8 9 9 12 5 61.2 85.2 20.12 5 1 1 IV 
12 9 11 13 12 9 6 6 6 68.5 91.5 • 6 l 1 
9 8 8 9 5 6 10 9 6 60.7 93.4 ao.so 6 1 2 III 

12 10 12 10 4 9 9 9 8 82.1 91.6 19.87 7 ,.. 1 
9 9 11 5 9 8 7 11 11 80.3 94.5 20.12 8 1 2 
5 11 11 12 8 7 10 6 9 71.4 89.3 20.50 9 4. 2 
9 4 8 ) a 5 7 11 4 55·0 86.5 20.12 7 1 a II 

10 10 6 l .3 4 3 6 4 79.2 88.5 19.87 6 6 2 S.A. 
10 .5 3 4- .3 5 6 5 4 6o.l 87.2 ao.oo 4 ' 3 II 
11 8 8 10 7 8 6 9 6 70.8 100.4 20-31 6 5 1 IV 
10 6 9 7 5 6 a 4 s 71.2 88.9 1<).)7 10 6 ' B 
12 9 .13 2 6 6 8 7 9 7).1 91.8 19.25 6 2 1 

• Hair 
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NO. AGE 

a -=- ., . 
" ..... G.C • ., k . ., 
Cll •>-. c E! ·- o-

E-4 

20 F 8.4 
21 F 9·2 
22 M 11.5 
23 M 12.) 
24 F 8.6 
25 F 10.1 
26 H 12.5 
27 F 8.<) 
28 F 9·2 
29 F 9.8 
)0 F 9.7 
)1 F 9.) 
32 M 9.6 
33 M 12.7 
34 M 8.7 
35 M 1).4 
)6 M 10.0 
.37 F 1).9 
)8 M 10.5 
.39 F 11.0 
4o M 14.) 

INTELLIGENCE 
SCORES 

.... • • .... .... .0 • • k Q 
.0 • Ul ... > : • .... 

c .... 
0 = z ra. 

89 95 91 
95 85 89 
82 78 78 
69 72 68 
93 76 84 
67 8o 69 
76 88 80 
71 71 68 
52 45 45 

105 100 10) 
85 85 8) 
58 55 52 
sa 8o 79 
57 60 54 

116 90 105 
72 71 68 
75 65 67 
41 53 47 
82 85 81 
75 72 71 
54 69 56 

Q 
c .... 
~ 
k 
Q 

• .... 
k 

~ 
:c 

80 
78 
88 
8o 
76 
66 
81 
82 
0 

90 
71 
71 
92 
67 

110 
82 
73 
62 
76 
71 
79 

TABLE OF RAW DATA 

4. Sibling Group - Late Onaet Subaamp1e 

SUBTEST SCORES PHYSICAL DATA SOCIAL DATA 

• -c .c: • • • c:a. Ao a 
0 • '0 Q .0:;) ~ .... .... c .... 

;,... .... • k • .... • • .c .c .... • 
~ • a lll • .... • .... -r:a. ., Q • • ., > c .... c a ;,... c • ., 0 c:a- =- k .0 .0 • • .... CD ..... • .. k ~ 

.... CQ • • • • • ,..._ .... .... ... .... 
i .c:: .oc ... 0 • 'C .. .a ..... • c U ID • • • ; 2 .0 e ., 0 k e ;.. .... :a>-. :z; ... c • .... 

k 0 • ., .... =' ·- • - 'tl...t c c .... 0 
Q c:a. >. ... :a: • CQ • 0 z zo 1lt ·- .... .... 0 .8 ~ a CD "" g. .0 r:a. .... • .c 

0 a: < ._. ._. :c • • ., Q 
u 0 • • Ul z 0 g. 

c. 

11 8 7 8 10 12 9 7 10 85.8 92.0 ao.as 4 2 1 1 
15 9 12 9 J 8 10 8 6 70.5 86.5 19.75 1) 12 J A 
8 9 10 5 7 7 6 8 7 6).5 84.8 20.50 7 1 2 I 
5 8 6 4 7 5 9 3 9 57.2 80.2 20.75 3 1 2 III 

7 12 13 9 6 5 8 9 5 9o.a 98.5 2 2 J 
5 5 8 3 7 7 9 6 7 77·2 90.8 20-75 3 3 2 B 

7 7 9 6 6 6 9 13 6 85.6 92.5 20.75 17 7 3 
11 6 8 5 1 5 6 4 9 sa.J 92.1 19.87 7 4 2 
5 5 6 2 0 0 0 4 4 65.2 a,.<J 19.37 15 14 3 

10 12 12 11 10 10 10 12 9 66.0 96.5 20.50 11 11 3 11 
10 9 11 5 5 4 8 11 9 70.0 75.0 19·75 5 2 2 B 
9 5 2 4 2 4 3 4 4 ao.s sa.) 11 8 2 A 

9 7 8 9 6 8 7 6 8 8).9 91.2 20.)7 6 J 1 I 

7 4 6 2 2 6 5 3 4 81.5 95.2 20.12 8 2 2 
1) 11 1) 15 11 11 9 5 10 88.6 93-9 19.75 9 6 2 II 

7 4 8 10 J 4 7 5 8 13·1 87.2 19.75 17 10 ' v 
13 4 6 7 3 1 7 6 7 77.5 94.2 ao.6a 10 5 3 B 

4 2 1 2 1 3 5 2 4 94.8 96.7 20.75 14 4 2 
5 10 12 6 6 8 8 7 9 70.0 87.1 ao.so 15 10 1 n 
8 8 9 5 4 6 7 6 6 sa.a 0).9 19.50 8 7 3 II 

5 6 2 2 4 3 7 4 9 44.1 77.1 11 5 3 




