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"The g rco tc�s t evi 1 a nc the rnost 
enduring of 211 tragedies for the 
individual and his society lies in 
the difference between what he was 
c2pable of becoming and �hot he has 
in fsct been CD used to b0cct.m, 11 



P.GSTP,'\CT 

ClrnPTER l 

CHi~PTER 2 

CHAPTER 3 

CHAPTEF-l 4 

CHAPTER 5 

CHAPTER 6 

CHAPTER 7 

CHAPTER 8 

CHAPTrn 9 

E:ACKGRDUfJD nm SIGN IFI CA:~CE DF Ti-![ PfWrlLG:1 •. , . , • • • l 

HUfilAN STUDTES CF fJP.fiii·1 FUiJCTICf-J FJ i:UTRITIO:J,'\L 

Field Studies ..................................•• 14 

F:ethocfo al Problems 33 

Ths effects of food 2nd stinul~tion ~uring 
rehabilit~tion ••••••••·•·••·•·•••••••···•··•···•• 37 

g:,nrnL EXPffiI :,1EfJTS I •J :'·!UTRITI C\AL DEr-:RIV.·,TIO:-J 
Ai'JO f·JEUfU1L DE11EL0fJ,:1E1JT ••••••••. , . , •••• , , , • , • • • • • • • 4:,.: 

HUf1i1>'J STUDIES OF Pl-:YSIC:0-CHf.:JlICi\L SRAIM GRDUJTH 
A:\D r~UTRITIOi'JAL DEPRIW/1·,TIOrJ ••••••••••••••••••• , • • :S5 

THE EFFECTS OF FEELH fJG, RE-FEED!fJG, i1 iD OVEF-
f,JU-fRITI o;,i (I It.,, c •••• c ti('(•".· • .,.. fl.,.(."" .. , C! (: ",.. ~. () p r..tJ ... <',. 76 

P.:HlI._1[,: THE PRES [rff S,TtDY 

95 

The le ••••••••~•••••••••••·•••••••~•••••••••• 101 

The rirnent::;l Grou,:JS "e(f f!O ~ &, ••• ~ 11 • e,:, & 't(' •• •ie: 1l (f¢ 101 
KwashiorkOr Group •.,io,-ao-.ot:~#••·"'•c~col"••o<if. 101 
Fed Croup •··••••••••••••••••··•·•••·•••••••• 102 

The Control Gr:oupa •·••·••••••••·••••··•·•••··•••• 102 
l<washiorkar control grcup ""'°•o,.-et1•••••ec-c•oll\ 102 
Fed co~trol grotJp ,11.-\1'0')., ••• ,_,..$;,~•l!i••c·"',t;~•-'fl:C:C 102 



CHAPTER 10 

CHAPTER 11 

HffEREi'JCES 

APfJE:~DIX I 

APPEil!DIX II 

APPENDIX II I 

Test Batter.Y (l,,, o ~ "c. ~., (!. °' ..... , " • .., ... ~. 1:. (';. o •••• ~. ft•Jt •• " 

f1Jmu Scuth African Individual Scale (1,!Sfl.IS) ••.• 
Bender Gestalt Test •···•••·•••A••••·•••••·•••• 

103 
lOLr 
106 

Harris-Goodenough Drawing Test .• c .... fl. o Cle, ••• o {' i09 

Procedure 

Analyses of Voriance ••••••••••••··••••••••·••··•••• 

Summary results ·•·•···•••·••··•·•~•••••••••··•••••· 

Age Varic:i bles • e." ......... o. 11 ,e o l'I ~,:. ••• ., c. Cl .... °'.".""« ••• 

Soc l VariGJblos ~CCto••·••c.ooe•lff'··••*o• ... ··("·••e~•·· 

f'nul tiple Social Index (fr:SI) .................. . 

Income •··•·•····•~•-•••••••· 
Positibn in Sibship ••••·••••6••••••••····•·••• 
Food Index t ♦ •••~e~"···••-c(l•CCfl41.4f'-•~t.'!'tlt~ooo~~ 

Full-Scale Iritelligence Score (NSATS) 

Verbal Intelligence Score (NSAIS) 

Non-Verbal Intellig8ncs Score (NSAIS) 

NSAIS sub-tests 

Harris Drawing Test ••••••••·••••••••••••·••••••••·• 

Bonder Gestnlt Test 

DISCUSSION AND CONCLUSION 

TABLES OF RAW D~TA 

CORRELATI □ r~ :,~ . .:;TRICES 

MODIFICATION OF KO?PITZ SCORING CF ER GESTiiLT TEST 

110 

113 

114 

ll.5 

118 

122 
122 
122 
124 
126 

127 

133 

138 

156 

161 

J.64 

170 

176 



1 means and standard de\/iations for the fot.ir. g:::·oups in 

2 

3 

4 

5 

6 

summary ••••••••••••~•-•••••••••••·•·••••••••••••••••·••·••• 115 

Multiple comparisons between means in summ8ry •• ; .•.••..•.•. 

Age on testing - .meuns and standard de\/i,3t.icns ............ , 

Age on testing - ANOVA sumrnnry table •••••••••·•••••··•••·•· 

Age on testing - multiple 

Intelligence Scores and a 
correlDtions co-efficisnts 

comparisons hetween msans ·•··•••• 

on admis sicn to hospi t:::: l 

116 

110 .,_., 

119 

119 

12.l 

7 Intelligenco score and proximity iri. sibship torrelation 

8 

9 

10 

co-efficients ••• ~·••••••••·••••••·•••••~••••••·••••••·••••• 125 

Full ScG le Intelligence Scores rneons and st21nc!.srd deviations 129 

Full Seals Inblli.91:incE:i Scores .. A iJLV l\ summary t0ble 4> $ ii> • Cl J) • 129 

Full Scale Intelligonco Scores - r;·1u l tip le co:n;ia:cisons 

11 Full Scala Intelligence Scores - Inter-group corielation 

12 

13 

co-efficients •••••••••••••••••~••••·•••••••••••·••···•••·•• 130 

Verbal Intelllgence Scores - me2ns and standard dGviations .. J.35 

Verbal Intelligence Scores - ANOVA Summary table .••.• ~ •.•. ~ 135 

14 Verbal Intelligence Scores - □ultiple comparisons between 
means . . • • • • . • • . . . . • . . . • . . . . • • • . . . • • . . . . . • . • . . . . . • ••..... , . • 13 6 

15 Verbal Intelligence Scores - Intar-g:::-oup correJ.atio:1 

16 

17 

18 

19 

20 

21 

22 

co-affitients. ••••·•••••·••••••••••·•····•••••••··•·•••·•••• 136 

Non-Verbal Intelligence Scores - r:-,eaI1s and stendarc de\/iat.ions 140 

Non-Verbal Intelligence Scores Af'JOVA Summr;:ry table •• .f ~ (' 1f • 140 

Non-Verb3l Intelligence Scores -- mu 1 tip le co:np2risons 
between means "•••~,,·••<ie•••c•••••tt•"*"•~•~ri(lc.e.••••o-••.•·••<!O~ 141 

Non-V8rbal Intelligence Scores~ In i-oup co rralc:;ti on 
co-efficients•·•••~•••••~·•••·•·•••·••·••·••·•••···•••~-••• 141 

~.JS.I\IS Sub-test scores - means C1••••11•o••e••••••c::•f>ot ♦ •"<>••e•f/, 145 

f,JSAIS Sub-test scoros - AfJOVA SurnmDry table ..... , ...... , .. ., 

NSAIS Sub-t8st scores - ANDV~ Si □ple rein Effects •••••••·•• 146 



foble ----
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
., 
! 

38 

39 

40 

41 

42 

' ) ......./ 

rJS.£.\IS Sub-test scores - r.:ultirle compa:risons botween 
!11.eans for ku;ashior!<cr aroup 0f"4• ♦ •t•11:~•···.-c~~••oe•e,•t>C$ ♦ ~-

1 / ...... ..;,,,t I 

f,JSfUS Sub- test •- rnul comparisons between 
means for kw2shiorkor cor1trol gi:·ciup ••···••·•••••••••••••· 1tI7 

MSAIS Sut-test scores - rultiple com~arisons between 
means for Fod Group •·••••••··•••·•••••••·•••••·•••••<•••• 148 

NSAIS Sub-test scorC?s -· f!1ultip1E:l comparisons between 
means for Fed contxul group •••o~.o')escouoc•"E•••••:t•o11•.:•o 

NSAIS Sub-test Scores - multiple comparisons b6lween means 150 -· 
151 

NSlHS Sub-tsst Scor2s - Grand standDrd c!svidions • • • • • • • • 152 

Harris Drawing Score - means end stand rd daviations ••••• 157 

Harris Drawing Scoru - ANOVA Su~Qary t&ble ••••••••••·•••• 157 

Harris Dr3wing Sco~s - Intor-group correlation 
ca-efficiGnts a. a·• t, It •• ,f, Cl O. f It 1'. '1 e. "'. e. 411 I) •• 0. .*. & 9 •••••• ♦ .C. 0 fl Q 157 

f,1achov::,r Ratings cm Drawings - :Jsans .:ind standard 
devia ti ans ....... " .... . • .... (' ... ~co •••• i:- o. ,r;. o -~ •• "'., • ., ~ i: tJ •• o •• 4J 159 

Harris Drewing Scores - man-;1,orrnsn ,:;cale discrepancy 
n1eans and standard ~Q\jj_[; t:tons • Ct ii & •• " .. <t O "'",;.ti" CO~ Q ••• e e·fi O O 159 

Harris □ rowing Sc6res in 1968 and 1973 - means and 
standard doviations •••••••••••••••••••••••••••••••••••••• 160 

Harris Drawing Scores - ANOVA Summary table •••••••••••••• 160 

Bender Gestelt Test - Perceptual Quotients - m0ans and 
standard dsviutions 162 

Bender Gestalt Test A;,JOV{\ Sur~mary table •~••• ••••••.••• ,. 162 

Bender Gestolt Test - Intor-group correlction 
co-officj.ents ~ e Ca Ct •• e ,tee Cle ••• ft fl l'I e • •. C. Cc e O • • e ~$Ge• a. e. ,o ·C' 162 

Bsnder Gestalt Test t' scores - neons and standard 
de Vi Ct i On s Cl' ,c O • Cl ... ,c, ~ ' •• ,s fl .. e •• e •• OS • '• C) •. II' & 0 Q C <l C, .......... ea el, " • .. • 16 3 

Bender Gestalt Test 163 

Bsndsr Gestalt Toot - Inter-group correlation 
co-effi 

mid-term and Present Height - ~eans for the four groups ,. 165 



Mid-term and Present ht - A~DVA Summary table ••••••••• 165 

fllid-term and Prr::sent Height - MJJVA Simple :nain effects 166 

45 f:lid-term and Presor:t Hoight - f:iultiple corn;:iarisons 
between means CII o a. Ci o •• (J • a ...... o" e." •• "'~ o J a es • (t (i"' o c .., , " l,l ., °' (I , •• ~ " 166 

46 Early, Mid-term and Present Height in Fed and Fed control 
groups•••••••••••••·•••••••••••••••·····••··•·••••·•····•• 167 

47 Early, mid-term and Present ht in Fod and Fad control 
groups-· ANOVA Sumrr:al'y tablG 1;,t•o-•,••coC<(l•oc~e'1c-~••v••coo1lc J.67 

48 Early, f7id-term and Prr?.sent Height in FPd and Fed control 
groups ANOVA main effects ••••••••·•••••·••••••••• 

fYlid-term and Present Weight - ,~eans for the four groups • , • 

50 Mid-term and Present ht - P.f·JOUA Sur;-:ma:ry table ~ ,e o.,., e •• ti 

51 filiid~-term and Present ht - ANOVA Simple main effects 

52 L'lid-torm and Present UJei~:iht ., r:1ultiple comparison 

168 

171 

171 

J.72 

between rr1cans ••••• " •••••••••••••• , .•••••••••••••• • •••••••• o 172 

53 Early, mid-torm 6nd present weight - mea~s for d and 

54 Early, mid-term and present weight ANOVA Su~mary Table -~ 174 

55 Early, mid-term and present woight - ANOVA simple main. 
effects O •. ♦ 0 0 ff.~$ 0 C. II; 4l. ft O IC' e ti fl-•. 4:i If f ,«I f.q, t Ill ♦ • et. C Ill~~ ♦ O O ~ ♦ ♦ 4. fl 0 175 

APPENDIX I: PAill DATA 

56 Age and Social Variables 

57 Index of Sibship 

58 Income 

59 Physical Data 

60 Intelligence Scores 

61 NSAIS sub-test scores 

62 Harris Drawing Test sco~es 

63 Harris Drawing scores in 1968 and 1g73 

64 r:lachover Rating on Draw-a-PGrson Conflict Indicators 

65 Bender Gestalt Test - Raw scores 



j 

! 

66 

67. 

68 

69 

70 

71 

72 

73 

74 

75 

76 

fable X 

Figure 

1 

2· 

3 

5 

6 

7 

8 

9 

GRAPH: 

Correlation M□ trix of ell Groups 

Kwashiorkor Group 

Kwashiorkor Control Group 

Fed Group 

Fed Control Group 

Correlation co-efficients between Fed ahd Fed Control· 
Groups 

Correlation co-efficients of Fed Group 

• Correlation co-efficients of Fed Control Group 

Correlatiori co-efficients. in Intelligence, Scores, 
. Age and Income 

Correlation matrix of Fed Group 

Correlation matrix of Fed Control Group 

APPENDIX II I: f·l['JDIFIU\TICFJ DF l<OPPITZ SCDHP.!G Oiv 
OE.f'![1rn GESTtlLT TCST 

Ex tropol2.t ed means and Standai· d Dovi2. ti ons 

FI Gun ES 

mean Intelligence Scorqs ec,~ •• ·ec••~eri'••oll•~olCl<t"c•o• ·117 

Distribution of Ful1 Scale Intelligence Scorns . . . . . 128 

Distribution of Verbal IntaJJ.i13ence Scores •. oc. •• • • 13tt 

Distribution of Non-Verbal Intelligence Scores .. ; . . 139 

mean sub-test scores ••••••••·•••••••••••••••••••••• 153 

Height. means for four groups at sarly mid-term and 
present ~ges •••••••••••••••••••••••••• ••••••••~·••• 175a 

Uleight. rneans for four groups 3t early mid-term 2nd 
present ages ~ ••• ~ ••••••• ~••••••••••••••·••••·••·••• 175a 

rnean Intsllig8nce ScorGS otteoot.••·@•co•Oe6." ••• ri •• c.(I 1778. 

NSAIS sub-test ~,cores rsnked 3ccording to dogree of 
abstractability required •..••.•. , ..•••.••••.•••..• ,. 186 

modific2tion of Kop~itz Scoring fer 
Sendor Gostalt Test - Appendix II! 



Af:;STHACT -~----

This investigation atternptad to examine the reletianship 
between malnutrition and rGterdstion of intellectual dovelopm~nt 
by comparing children drai.:m f:rarn the sa,ne fumi1ies who ;:rr:st1nt.r:,d 
voryi11g deg reos of protein-cE,Jorie m,:: lnu t-c iti on during infancy. 
From each of 14 families 4 children were drawn and assigned res­
pectively to the fol1ou;ing groups: 

a) kwashior!~or group composed of children who had been admitted 
to hospital during the first 4 years of life for tre □tment 

of acute Pcm; 

b) kwashi.o:rkor control g:mup consisting of the nearet,t s:Lb.ling 
in zge to the kwashiorko:r chiJ.d having no history of ~ictite PCii1; 

c) the fed group consisting of a later sibJ.ing in tho family in 
whom malnutrition had been prevented by supplemontary feeding 
during the first 3 years of life; and 

d) the fed control group consisting of the sibling in each family 
just preceding the child who was given supple~entary feeding. 

A battery of psychological tGsts was adm:i.nistt:n'ed u1h13n the ,nmrn age 
in the~ kwashiorkor group was 13,0 yGar-s, and 8.9 yec:;;r.'S in thee: fsid 
group, with the two control Qr.oups taking in ➔-.,:rrnediatg :-:iositions. 
On mean full-scale int~lligenca ac □ re th2 f0d group showed a sig­
nificantly higher difference (p less than 0.01) when compared with 
the other three groups, The sa~e trend was fou~d for verbal score, 
although the difference was not quite significant statistically. 
On non-ver6al score the fed group was not significantly highar than 
its own contr:oJ. group, but W8S sign1ficantly above tha ktucshicr:!:or 
group und kweshiorkor control group.. The f,,d ccnt1'ol group was 
significantly higher than the kwashiorkor group. 

Analysis of the sub-scale intelligence scores suggested th2t 
whilst nutritional factors play an isportant part in the determina­
tion of the verbal score, an equally important p~rt is played in 
the determinatio;, of the non-verbal score by :nerJi.c.:al care and en­
vironmr:n tal sti mu.lo ti □n. The sub- test rssul t5 suggec;tcd a 1:eJ.ation.,. 
ship b □ twsen malnutrition ond G specific d2ficit in abstract reason­
ing and learnin; abilities, b~t thi conventional ~□Gsures of 1brain 
damage' did not discrimina.t0 between the four groups. The deficit 
in intell□ctual development appeared to be rel3ted to the durction 
of chronic m2lnutrition rather than to the severity □ F tho insult 
as indi.csted by an acute s;iisode of kwE,sh~.orkor. 

The rssults ore discussed in terms of tha failure of campen­
m:itory sducaticnal progrmns to provide sur,tc,ined elr~v2tion in t:-,e 
IQ scores of undsr-privilagad children, ood tho suggestion is-~ada 
that this failure could at least in p8rt be attrib~ted to the 
operation of nutritional factors .. 

J!. 
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In a world in which population is increasing 2t an Gnnrrnaus 

rate, wo find that 50 - 7 □% of the populotion is inadequa nou-

rished. Furthermore, it is this vory section of the popubti:::,n 

thzt is multiplying most rapidly. Several hundred thous2,nd chil­

dren a re born each day,· the maj ori t.y of whom Lui 11 be e;-<pos0d to 

severe undernutrition during their mcist formative years. In some 

areas only half will survive the period of childhood, and mal­

nutrition will be a mGjor contributing cause of death in rn:ist of 

tllese ch:i.ldr:en. Others will die of infectious disec.ses which are 

reletiveJ.y harmless in well-nourished populations, b.ut which are 

fBtal to children rendered vulne by undGrnutri tion (~inick, 

1970; menckebcrg, 1972). Over the past 15 years a better unde~- • 

standing of the bio-chemical pathology □ f malnutrition hos resul­

ted in more effective treatment, ond s consequent pronounced .re­

duction in the mortali ~y rate. However, over the sarn.e period 

evidence has been acGumulating th2t an inf~nt who survives a 

period of ssvere malnutrition, may bu seriously handicapped not only 

in h:i.s physical development, b~t also in intellectual clcvDloprnent. 

This is ~ost likely if the nutritional insult occiurs during the 

period of maximum brain growth (Dobb5.ng, 1970). 

1/ 

Several reviewers have called attention t:::i the self-perpetuat­

ing cycle which is sl.!t ·i.n motion, and which continues from grmer2t1on 

to generation with a spiral effsct (C:r:avioto, 1970; mon , 1971; 

Birthi 1972). The malnourished child, developing in a ~ulture of 



poverty, is unable to acquire the ::,kills and knowledge necessary 

for satisfactory adaptation to the increasiny complexities of 

modern society. He raraains poor for the rest of his life, and 

joins a large pool of survivors whose functional level is sub-

optimal and u;ho become the victims of their own poor. socio­

ec~nomic environment. It is likely that he will ~hoose a m2te 

from a similarly impoverished background, and his children will 

be born into and reared under the same conditions. The family 

does not have the resources to adequately nourish~ nsw infant, 

who is at birth already at risk under the insult of maternal 

undernutri tion during foetal life (UJi.nick et o.l., 1973). He in 

turn becomes seriously malnourished, and i.f able to survive, is 

handicapped in a way which may prevent him and his off-spring 

from extricating themselves from the plight of their parents. 

The culture of poverty contributes to the poverty of culturr~, 

and the condition of poverty is perpetuated and passed from one 

generation to the next. The ·genetic endowment is presumably_ 

normal, but the environment prevents achievement of the genetic 

potential (montagu, 1971). A pool of such handicapped people 

not only exists but is increasing _in almost geometric proportions 

with the present day population explosion. The socio-economic 

implications are obvious - th~ section of the population ruhich 

c~ntributes least to its own and society's maintenance and develop­

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

DEFINING THE LIMITS CF MALNUTRITION: 

In its most specific sense, malnutrition refers to a broad 

2 ✓ 



clinical spectrum of nut rttion3l disease n,ferred • to as protein-

calorie malnutrition (Pcm). The opposite ends of the continuum 

are represented by kwashiorkor and marasmus respectively, the 

calorie deficiency in kwashiorkor being not as severe as the pro­

tein deficiency. The majority of cases of PCM do not show either 

the pure syndromes of kwashiorko r or ma rasmus; the; pre,rnnt a 

mixed picture and occupy an intermediate position on the Pcm 

spectrum, the typical di3gnosis being the. t of marasmic-kwashiorkor.. 

Whilst the nutritional aetiology of PCM is of paramount im­

portance in the developmant of the syndrome, it is clear that c1 J 

complex of interrelated non-nutritive factors contributes signifi­

cantly to its occurrence. In general the synergism of malnutrition 

and infection is well recognised. Because of poverty, tradition, 

or lack of parental understanding, the quantity and/or quaU t~, of 

the food available to the child is marginal or at best inadequate. 

Since the physical environment is unsatisfactory, the child suffers 

from repeated and, often, almost continuous episodes of infection. 

Illness decreases his appetite and undernutrition itself contributes 

to anorexia. Malnutrition renders him mars susceptible to a variety 

of infections and therj is again vicious cycle which accentuates his 

already precarious nutritional stote. Added to this is a frequent 

lack of timely and appropriate therapeutic intervention, and the 

illness is prolonged and severe. Finally because the child is ill 

a large proportion of the time he has little opportunity to learn, J 

and may miss out on critical pe~iqds for the development of various 

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



intellectual stimuli in his onvironnent are minimal, and whether 

or not permanent intellectual disaGilities are imposed by mal­

nutrition per...§.(;:. or. by the impoverishment of non-nutritive stimuli / 

is at present an unanswered question. 

Emphasis on the r8lative importance of the various contri-

butory factors to the PCrn syndrome has passed through various 

phases since the nutritional aetiology was realised in the 1940s. 

Recognition of the nutritional aetiology was naturally followed 

by a preoccupation with the nutritional factors, and led t□ th~ 

postulation of a direc~ causal relationship between nutritional 

deficit and the sequelae of physical retardation end intellectual 

dysfunction (Stach and Smythe, 1963, 1967; mBnckeberg, 1968). 

f!lost authors begin by discussing 'deprivation I but end up refer-

ring only to malnutrition. Cravioto (1970) still questions any 

emotional basis for the behavioural regression and apathy which 

is a constant feature of the clinical syndrorne; and regard$ con~ 

sideration of these as a distraction to research progress. Ho11J-

ever there appears now to be a tendency among workers in the field· 

towards a more balanced recognition of the interrelationship be-

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

I 

wide syndrome of cultural deprivation in which_malnutrition is but / 

one aspect coinciding with a l8ck of usual middle-class benefits. 

This awareness probably arises out of the difficulties in control­

ling the non-nutritive variables exp8rienced by all attempts to 

study the problem in human po~ulations. For example, m~nckeberg 

who in 1968 wrote with a degree of certainty that permanent brain 

damage results from early malnutrition, states in 1972 that 



"it is obvious that the mental aMd motor retardation observed in / 

this under-privileged group is not only due to nutritional factors 

but perhaps ta many others, i.e •• cultural, educational and socio­

ecunomic that affect the intelligence and developmental capacity 

of the child." (frlllnckeberg~ 1972). 

Except in the instances of cystic fibrosis, coeliac disease / 

and other malabsorption syndromes, malnutrition; never exists as an 

isolated problem. Its co-existence with other debilitating social 

and environmental factors is now well recognised. The relative 

aetiological significance of non-nutritive factors in the develop­

ment of the syndrome is emphasised by Hepner and maiden in the con­

clusion of their report on under-privileged children as follows: 

"An organised, functioning maternal - child relationship promotes 

normal nutrition even with the rigors and handicaps of poor diet 

and welfare existence in the slum, and ••• a disorganised, poorly 

functioning maternal - child relationship negates the advan 
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of adequate nutrient intake to the vulnerable .rapidly growing. child 11 

(quoted by Hegstad, 1972). This stat~ment harks back. to the original 

descr:ii±,ion of the causes of kuiashior:kor given by Cecily Williams 

which included not only the loss of the mother's milk, but the loss 

of the mother herself. The name kwashi □ rkor meaning 'displaced 

child 1 , which she gave to the syndrome, speaks for itself (Trowell, 

Davies and Dean, 1954). 

In an investigation o~ the factors related to the ~etiology of 

undernutrition, Chase and martin (1970) found a significant relation­

ship between parental separation during pregnancy or soon after birth 

and undernutrition in the child. These authors suggest that the term 



'psycho-nutritional daprivation 1 could be used for the syndrome 

in which rejection of the child may be an important aetiological 

factor. Again Gopalan (1968) failed to C:elll □ nstrate a significant,/ 

difference in the diets consumed by children who subsequently de~ 

veloped kwashiorkor. or marasmus and those who did not. The sup ... 

position that kwashiorkor results from a restriction in total 

caloric supply is probably an over-simplification of a complex ✓ 

situation, and the development of marasrnus on the basis of ana­

clitic depression in institutionalised infants has received ample 

documentation by Spitz, G~ldfarb, Levy, Ribble, Bowlby, and Dennis, 

and was reviewed by Var.row in 1961. Bskwin (1949) and Talbot 

(1963) found the evidence conclusive for emotional and stimulus/ 

deprivation as causes of infants' failurG to thrive, and grow 

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

the absence ~f individual personalised nurture t~s the effect of✓ 

a disease. 'The· studies of Powell, Brasel and Blizzard (1967) 

demonstrated growth retardation closely resembling idiopathic 

6 ,./ 

hypopituitarism as a consequence of emotional and social deprivation. 

Even here however it is necessary to heed the warning of Whitten 

et al., whose study of the relationship between emotional deprivation 

and growth failure indicated that the parents I parception of the diet✓ 

fed to their children at home~s not always accurate. The children 

were thus underfed as well as un1oved; "the mothers 1 affects were so 

consumed by the emotional or social p·roblems that they had not accu­

rately perceived what they 1..Bua ily offered the.i r infants. 11 The per­

ceptual distortion is not Gnlike that found in anorexia nervosa. 

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

by Montagu (1971) who proposes the term 1socio-genatic brain damage' 

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

learning ability and intelligence, of a syndrome characterised by 

maternal and infantile malnutrition, social deprivation and finally, 

damage to genetic potential of ensuing generations. 

UJHY STUDY mALNUTfi.ITI_m~_Jil\JJLjJHELLECTUi~L DEVELOPfrlCf\JT? 

fro~ the foregoing a connection is apparent between conceptions 

concerning the aetiology of ths syndrome of deprivation and the pos­

tulation of its effects. Those who see rnalnutri tion as the most 

important factor in the aetiology of the syndrome tand to postulate 

malnutrition as the direct cause of the physical and ihtellectual 

deficits demonstrated in it~ victims. Th6se who give equal weight 

to undesirable emotional and social factors in the aetiology of 

the total deprivation syndrome recognise the relative importance 

of lack of adequate social, emotional and environmental stimulation 

in the production of cognitive deficits. Questions rnlating to the ✓ 

value of attempting to separate the relative strengths af the various 

contributory factors may be.raised. 

The first concern in studying the relationship between malnutri­

tion and intellectual development is its implication for prevention 

and treatment. If malnutrition as such is the single r.mst irr:porbnt 

causative factor in the development of cogn.i tive deficits in under.­

privileged popul~tions, then a relatively simple sol~tion to a wide 

spread problem of enormous consequence would be provided in large 

scale dietary supplementation. One reviewer comments on this aspect 



of the problem as follows: 

"If we are to know whether dietary deficiencies 
££~ are the cause of subHequent poor mental 
performance, then studies will have to be con­
ducted which will separate the nutritional var­
iable from genatic factors and frorn many environ­
mental variables. High priority should be given 
to res0a-rch of this kind becausB the results haue 
great practical importance for under-privileged 
people evGrywhere. 11 (i1Jutr. Rev., 1969)0 

MBnckeberg (1972) is pessirni~tic about achieving this: 

"Bscause human malnutrition is nmrnr an isoleted / 
problem, it is almost impossib~ to analyse sep­
arately the importance of each factor and thus ob­
tain a definitive, clear cut answer. The import-
ant thing seems to be, not so much to know one me­
chanism that produces psychological retardation 
in the lower socio-economic group, but the fc:;ct 
that this situation exists and that it intevf0res 
severely with the individual 1s development and 
therefore upon society's development~ 11 

In 1969 Jensen stirred a controversy by suggesting that the 

failure of compensatory education programmes in reducing tha 

achievement gap between disadvantaged ('majority') children and 

middle-class ('minority') pupils was predictable on the basis of 

genetic, racial differences in intelligence (Jansen, 1969; Ey~enck, 

1971). The role of nutrition in the production of the phenotype 

may have been under8stimated in the past; perhaps the benefits of 

compensatory education could be rendered more stable and psrmanant 

if combined with more adequate nutrition. 

Academic concerns also justify any attempt to single out the 

variables. It has often been stated that the value of any theory 
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lies not so much in whether it is valid or invalid, but in the amount 

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

ments on this aspect of the problem as follows: 



* "Research workers should •. , be concerned·about the/ 
false assur~ptions thst are mac!e which indicate that 
all the facts are kno~n regarding the relationship 
of malnutrition to mental devGlopmsnt. This could I 
stifle or preclude the necessary research being un­
dertaken which will help on sci many difficult ques­
tions. There is cleirly still a need for compre­
hensive longitudinal studies using a variety of 
strategies before we can really estimate the role 
of dietary deficiencies per se in the retardation 
of intellectual dev(3lopment cf chj_ldren. 11 

9 

( Nu tr . Rev . , 19 71 ) • 

Research in this field has already resulted in a large body of 

information about tha normal bio-chemical and morphological de­

velopment of the central nervouseystem in man and several animal 

species. Furthermore there is at present a large group of men-, 

tally retarded children whose condition is 'without known aetiology'. 

Pressnt and futuro studies may well provide insight and clarification 

of aetiology leading to more effective treatment and prevention. 

Only fifty ye_rs ago phenylketonuria was an untrsatabls and un-

preventable cause of severe mental subnormality. 

The whole field 6f mental subnormality and 'brain damage' re-
. . 

presents common grouhd for the discipJ.ines of psychology, psychiatry, 

neurology and paediatrics. In such multi-disciplinary areas of study, 

progress is fostered by mutual interdependance and contributions from 

any single discipline have beneficial effects on inter-disciplinary 

relationships and enrich the entire field. Within the discipline of 

psychology alone, as in otror human sciences~ the reciprGcal relation­

ship between the experimentalist and the clinician through mutual 

involvement in a common research area contributes to the ~evalopmant 

~nd progress of the science. Theories tested in the laboratory can 
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be applied in the field, and those dsveloped from direct observe-

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

• unwarranted inter-species extrapolation can ba minimised. 

Current world-wide research in the field of malnutrition and 

intellectual development addresses itself to the problem of whether 

the association between protein-calorie malnutrition in early child­

hood and subsequent retardation in intellectual development is one 

. of direct cause and effect. If the findings pr.ov(;i to be positive ,j 

it will be important to know at what age malnutrition has its most 

disturbing effect, and what degree of malnutrition in terms cf du­

ration and severity results in intellectual retardation. The re­

sults of this study will hopefully contribute towards the formula•• 

tion of answers to these questions. 
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Hypotheses considering an association between early infantile 

malnutrition and later impairment of intellectual development and 

function have two sources of origin. Firstly, even the earliest 

descriptions of kwashiorkor laid stress on symptoms of central 

nervous system dysfunction during the acute stage of the disease. 

The descriptions typically include apathy, misery, peevishness, 

lethargy and anorexia. Improve~ent in the child's mental state 

has long been considered a favourable prognostic sign, and is 

genorally regarded as the turning point in the course cf the 

illness. This observation has been strengthened by reports of 

generalised EEG dysr·hythrnia during the Dcute stage of the illness 

suggesting an encephalopathyJ and persistence of focal dysrhythmia 

long after recovery (Engel, 1956; Nelson, 1959; 1963). 

The second sour~s from whi6h these hypotheses derive is the 

accumulation cf animal experimental evidence for r.educt_ion of total 

brain size as consequence of the occurrence of malnutrition during 

the period of maximum brain growth~ For a long time it illBS accept-

ed on the basis of evidence available from animals studies that 

post-natal nutritional deprivation thot led to en appreciable re­

duction in the weight of the body and most of its organs, lspared' 

t~e brain in the sense that its weight and chemical composition 

remained unaffected (Donalds□ n, 1911). The idea of 1sparing 1 of 

the br~in has gradually been questioned on the supposition that in 

lJ. 



terms of physicol de\1elopment, th,3 brain and central nervous sys­

tem is not uniquely different from any other organ or system end 

is likely to fo.llow a biologically comparable sequenti21l d9velop­

ment. Ab~ndant evidence indicates a reduction in physical develop­

ment in terms of final body site as a consequence of malnutrition 

imposed during the developmental process, and this could logically 

apply to the brain also. Human studies over the past decade have 

therefore sought evidence of impairment of intellectual function 

as an expression of reduced brain size or of structural damage 

related to previous nutritional insult. Some of these studies 

have correlated head circumferences as an index of brain size with 

IQ as an index of brain function. 

The relationship between physical growth and intellectual 

development was reviewed in 1930 by Patters.on. A relationship 

between height and intGlligence has since been generally accepted 

(Tanner, 1966). Fourteen years later Kugelmass, Paull and Samuel 

(i944) made a clear formulation of the relationship between mal­

nutrition and intellectual function, suggesting a difference bet­

ween the reversible effects of temporary starvation and possible 

permanent retarding effects of malnutrition whereby anatomic and 

biochemical lesions are produced. These authors analysed the 
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effects of nutritional improvement 6n psychological test performance 

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

institutionalised, and the sample was divided into two groups each 

consisting of 50 normal and 41 mentally retarded children. One group 

was malnourished at the time of first tasting but well nourished at 

initial and final testing. The groups were equated for chronological 
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aget IQ and inter.\/al Ll8twsen f<c..!hlmsn-Binet or Stanford-,Binet tests. 

In the previously malnourish:_d :;;roup E,fl GVc~rage in:pr.ovement of 10 

points for retarded c:hild:rnn and 18 points for normal children Das 

noted, while no change was found in the initially well-nourished 

group. A correlation was found between age at first testing and 

IQ rise: the younger the malnourished child when treatment was 

instituted the greater the chance of improvement. A sharp decline 

in the improvemEmt of IQ was found when treatment began after the 

age of 4 years, suggesting that irreperable ~amage had occurred. 

The flexibility of IQ change before this age and the relative lack 

of IQ change in the older children denotes irreversibility in men­

tal development following prolonged m~lnutrition. 

The resurgence of research interest in the relation of nutri­

tional factors to int~lligence and learning over the past decade 

' ., 
.1.J 

is a reflection of the fact thct, whilst rnalnutri tion :remains a 

major world public health problem, its most significant consequence 

is no longer death but the survival 6f massive populations of in­

tellectually handicapped subjects. The socio-economic and political 

implications have already been discussed. One reviewer goes so far 

as to suggest that whereas physical stunting of growth is not un-

desirable because subsequent nutritional needs are reduced without 

apparent reduction in adult physical function, and death of pre-

school children due to malnutrition is the most widely used method 

of population control, the possibility that malnutrition in child­

hood has lasting effects on human mental potential would call for 

a re-assessment of economic priorities in that nutrition progiammes 

may prove to show a greater return on developmental capital through 
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the creation of a more adaptive and capable work force (Klein 

et al., 1971). 

FIELD STUDIES: 

The pioneering and moat frequently cited field study was semi­

longitudinal and begun by Stach and Smythe in Cape Town in 1955. 

14 

The authors selected 20 of the most grossly undernourished (maras­

mic} Cape Coloured children that could be found. e1rth weights were 

said to have been no:r.mal ap,-irt from 3 children who were below 2.5 kg. 

The subjects were matched for age and se~ with 2b children whose 

early nutrition had been supervised in a creche. The groups wer.e 

comparable in respect of parental intelligence, but there was a very 

marked disparity in their living condi tians: 11olcoholism, iJ.J.e9i­

tamacy and broken homes were the rule in the undernourished ~p~oup, 

whereas the control group lived under more stable home conditions. 

Only six of the parents of the undernourished group were gainfully 

employed." Intelligence• head circumference, height and wei were 

recorded ~pproximately every two years. Significant differences on 

all these variables were .found consistently through to the 11th 

year of follow up reported in 1968. The authors regard the reduced 

head circumference together with the defects of visuo-motor and pat-• 

tern pstception on the non-verbal sub-tests as evidence that lower 

intelligence scores in the undernourished group may be due to organic 

brain damage resulting from gross undernutri tion in e.arly infancy. 

A follow up study of rnerasmic children in Yugoslavia was reported 

by Cabak and Najdanvic in 1965. The children had been admitted to 

hospital for rnarasmus between the ages of 4 and 24 months of age du 
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the years 1951 - 1957. Chronic diseases of the CNS and tuberculosis 

were excludec:, and no child was more th;:rn 73% of the expBcted weight 

at the time of admission to hospital. One-third of the group had 

parents who were army officers or in.the professions; the rest were 

children of skilled or unskilled workers living in an urban area. 

Thirty-six children aged 7 - 14 yesrs were tested on an ada d 

Binet-Simon scale. Fifty percent of tha group scored within the 

1normal 1 limits of ~l - 110. One-third scored in the 'below normal' 

range of 71 - 90, and the remaining 6 children had IQ scores of 70 

or below. Thus half the group were below the limits of normal in­

telligence and the difference between the number of children having 

normal and sub-normal intelligence was significant. No local stan­

dards for the dispersion of IQ were availables so the results were 

compared with those of Ss1·bian children, of whom 21% l!IBro below 

normal intelligence as againit 5 □% of the undernourished group; 

and 32% of Serbian children were above the range of the undernourished 

graup. The mean IQ of the undernourished grcup was 88, compired 

with a mean of 93 for children from families of 1non-qualified 1 

workers. The undernourished group did not differ significantly in 

height or weight from the local healthy school children. No corre­

lation was found between the age of illness and the subsequent IQ, 

but there was a correlation between the deficit in the expected 

weight for age on original admission and subsequent test perfo=mance, 

A similar study on Indonesian children reports comparable results 

in 1967 {Liang, et al. Ji· 1951). The subjects ranged in age from 5 - J.2 

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

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



classified as malnourished during an earlier investigation in 

1957 - 1959; of these, 17 had shown in addition symptoms of 

Vitamin A deficiency. The remaining children were regarded as 

healthy. Intelligence quotient was assessed using the WISC and 

the Goodenough technique._ It was found that children's intellec­

tual development, as well as their physical development, could 

be predicted with a high degree of accuracy on the basis of their 

nutritional status during_ the pre-school years. The lowest IQ 

values were found in children who had been malnourished and had 

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

year age period, and the higher scores were attained in those 

who had never been diagnosed as malnourished. The average IQ 

for the whole sample was low on both tests, the scores on the 

WISC and Goodenough being 75 and 77 respectively. The coefficient 

of correlation between the two tests was 0.58. There were 10 cases 

where the Goodenough score was more than 10 points lower than the 

WISC score, and 13 cases with the revers~ situation. When the 

results were analysed with reference to nutritional st3tus at 

the time of testing there was a good correlation between I .Q. and 

clinical condition. The group rated 'poor' was much ~elow the 

group rated 1fair 1 ; the mean IQ for the 'satisfactory' group was 

the highest but was not statistically different from the 1fair 1 

group. Analysis of the data with reference to expected height· 

for age revealed a 12 point difference on the Goodenough test in 

favour of the children above the 95th percentile of the Indonesian 

standard. There was little vari2tion in IQ up to the 95th percen­

tile of sta~dard weight, but above that weight were a significantly 

16 
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larger number of children with IQ abovs 90 on the Goodenough test. 

There was a significant difference in the average score cf the groups 

below and above the 95th percentile of standard weight in both WISC 

and Goodenough tests. A more significant di ffarence was observed 

if the children were grouped according to their weight in 1957 - 1959. 

At the time one-third of the children wer.e at expeicted WBight for 

age, and this group was an average of 14 IQ points higher than those 

who were below their expected ~eight for age at the beginning of 

the study. EEGs were per.formed on 43 children and no relation be­

tween EEG and nutritional condition was found. · Thirty per cent 

of the total had a mildly abnormal pattern, but the proportion 

was no higher in the malnourished than in the healthy children. 

Perhaps the most complete studies ·were those that have emanated 

from Cravioto and co-workers in mexico since 1960 (Cravioto and 

Robles, 1965). Reports by Geber and Dean in Uganda, Barrera-Moncada 

in Venezuela and Robles in mexico all indicated that undernourished 

children tested with tlu Gesell scales showed a m2 rked retardation 

ih all four areas of behaviour sampled by the technique. A fur-

ther study by Berrera-moncada showed that intelligence tests given 

2 years after ~ischarge to 20 rehabilit~ted cases who wer.e all older 

than 2 years 10 months at the time of admission showed normal IQ 

scores. On the basis of these findings Cravioto an.d co-workers 

hypothesised that the effect of severe malnutrition on the mental 

development of human infants would vary as a function of the period 

of life at which malnutrition was experienced. To test this hypo­

thesis all severely malnourished children admitted to the nutrition 

ward of the lfospi tal Infanti .l de r;1exi.co during 1959 were studi.ed. 



Twenty infants hospitalised for severe PCfil uiere ·examined on the 

Gesell scale every two weeks during treatment and rehabilitation. 

1f] 

On the first exami~etion, conducted just after the acute electrolyte 

disturbance and infectious processes had been corrected, all infants 

scored. considerably below age norms. During rehabilitation 14 chil­

dren uiho had been admi ttGd for treatment between 15 and 42 months of 

age came progressively closer to age expectation. However, the 

developmental deficit shown on admission by the 6 infants whose mal­

nutrition led to hospitalisation before the age of 6 months was 

still present after complete nutritional rehabilitation. Cravioto 

(1970) also quotes unpublished data of Brockman and Ricditi who 

studied cognitive functioning in a group of 20 Peruvi.un children 

aged 12 - 42 months who had been hospitalised because of severe 

marasmus when they were between 2½ and 42 months of age. The test 

performance of the infants recovered from malnutrition was signifi­

cantly below that of a control group of children who had no history 

of severe malnutrition and who were taller than the childrnn re-

covered fro~ severe marasmus. Further evidence cited is from a study 

by Pollitt and Grenoff who compared 19 marasmic chiJ.dren and 8 sib­

lings on the Bayl•y Infant Scales of mental and motor Development. 

All tUere below 3 years of age at the time of study and the siblings 

were of similar age but with weights, heights and head circumference; 

within normal limits. It was found that whi 1£...:i the siblings were 

developing according to age expectations, 17 of the 19 chi ldrsn 

recovered from marasmus had severe mental and motor retardation. 
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Cravioto (1970) deriv8s the general conclusion from these 

studies th2.:t 11 protE:in c2lorie malnut:riticin occur'l'ing in the first 

year of life, if sovere enough to_ rncrkedly retard physical growth and 

to force the infant to b8 ad:nitted ta z hospitc:l, may have adverss 

effects of men~l development. If the duration of the untreated epi-

sode is longer than 4 months, particul8 r.ly during the first months of 

life, the effects on mental perfc nnance may. be so intense that it will 

produce severe rnen-t8 l ret,:irdati on incornplo tely corrected by nut ri'cion­

al rehabilitation." In subsequent studies £ravioto (1970) compared 

children who hac been hospitalised b£.1 c::1use of severe malnutrition 

before the age of 30 months with the sibling closest in □ge to the 

index case. Viewing the hurnz;n or:g;rnism 8S an agent that processL,s 

informoU.on; and recognising the importance of leerning to read Dnd 

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

of auditory-visual and visual-kinesthetic intersensory integration, 

Cravioto studied these functions according to the techniques of 

Birth and Belmont rather than making use Df conventional tests of 

intellectual function. Tho functions of intersensory integration 

had the additional advantage of showing c :r.-cut developmental 

cause in normal chiJ.dren during tho first i-Jchool ye3rs. The group 

was stratefied according to social class into high, middle, and 

low urban class, ancJ rural low class. On auditory-visual integro-

tion the siblings in the low urban soci3l cl□ ss had scoras below 

those c □ rrespon~inQ with children of the same age but of a better 

socio-econor:1ic condi ti □n. Thi2 imp rovoment in 2uc'.i tory-v:i.sua l 

competence i;;i th ago w2.s □ bvious for 8·11 socia 1 classes and for 

rural and urban environments. 1i1i1en thE: performance 



age by age of siblings and index cases was comp21red, it became 

apparent that children recovered from severe malnutrition were 

well below their siblings, thus scoring well below their expected 

values for their class. Equivalent results UJere obtained in a 

study of visua-kinesth~tic intersensory integration. 

In 1966 Craviota and associates published the results of a 

study in Mexico which related height to inter-sensory organi~ation 

(Cravioto, Delicardie and Birch, 1966)~ A cross-sectional study 

was carried out on all primary school children aged 6 - 11 years 

living in a rural village of Guatemalia. malnutrition was defined 

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

ed significant diminution of stature reJ.ati ve to his age in the 

total village population was assumed to have an increased likeli­

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

an experimental group was identified representing the lowest 
., 
quartile of the height distribution and was compared with the 

group consisting of all children in the tallest quartile for age. 

Information on the stature of the parents of both groups was ~b­

tained to control for genetic factors. A second control sample 

drawn from an upper cl ass urb,m population was selected ·consist­

ing of children of the same age who exhibited the equivalent 

differences in height but mho had little or no. likelihood of 
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ever having been at nutritional risk. BroGd details on the socia1~ 

economic and educational state of all families was colJ.ected. For 

the rural children a difference in height was accompanied by a 

difference in the inter-sensory integrative ability. This relation­

ship was not found j_n the upper class urban sample. The authors 
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discussed the findings in ter.ms of two possible ·schr;mes, viz., 

1) that both inter-~ensory development and malnutrition arise 

out of social impoverishme~t where poor stature is an incidental 

sequel to the malnutrition, and 2) that both poor inter-sensory 

development and low stature are sequelae of malnutrition, itself 

arising out of poor social conditions. On the basis that poor 

inter-sensory functions and low stature were not significantly 

associated with adverse social conditions, the authors favour 

the second scheme, thus relating reduced inter-sensory ability 

directly to the possibility of early malnutrition as guaged by 

reduced height for age. 

The Wechsler Intelligence Scal8 for Children in its Mexican 

form was administered to 37 index cases and 37 siblings. Full 

scale IQ 1s averaged 13 points lower for the index cases than for 

their siblings. Verbal and performance IQ were also significantly 

lower in the previously malnourished group. Cr.avioto concludes as 

follows:- "irrespective of the presence or absence of a previous 

admission to hospital because of severe malnutrition children 

developing in this milieu have a higher probability of showing 
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poor performance on intelligence testing, as well as in other types 

of testing relating to basic mechanisms for learning. The presence· 

of an episode of malnutrition occurring early in life and of enough 

severity to force the child into the hospital increases the chance 

of scoring in the low range" (Cravioto, 1970). 

Using the same m,,thods for the asf;essment of inter-sensory in-

tegration together with a suitably constructed intelligence test 

battery, Champaken et al (1968) studied Indian children who had been 



treated successful.ly fo:r: kwsi-,hiorkor in infailcy. Nineteen chil-

dren between the ages of 8 and 11 years were tested, having bean 

admitted during the period 1959 - 1962 at the ages of 18 - 36 

months. For every experimental child three matched control chil­

dren were selected taking account of age, sex~ religion, caste, 

socio-economic status, and educatj_onal background. In addition 

the intelligence test was standardised on a group of 50 children 

of the same age range and derived from the same socio-economic 

group and geographical area as the experimental and control groups. 

This difference was particularly m□ rked in the younger age group 

(B - 9 years) and tended to diminish in the older age group 

(10 - 11 years). Inter-sensory organisati □ il was poorer in the 

experimental subjects - markedly so in the younger age group, 

with a tendency to improve in the older age group. The deficits 

were particularly marked with regard to perceptual and abstract 

abilities.· Heights, weights, and head ci rcumfe:rences of the e>:­

perimen ta l children were generally similar to thosG observed in 

the matched controls, though the wt">ights tended to be somewhat 

lower in the experimental group. Intelligence score, head cir­

cumference and height were correlated in the control subjects. aged 
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8 - 9 years, but no other significant correlations were found. Al• 

thought~ findings are clear cut, the authors are extremRly_cau­

tious in their interpretation and question whether they are direct­

ly attributable to the earlier episode of PCM. Further factors they 

suggest are 1) whether the prolonged i:1imobilisation before and after 

hospitalisation resulted in a loss of 1 learning time 1
1 togethGr with 

the emotional stiess and anxiety incidential to the hospitalisation. 



2) UJhether: the poor. perforrre r1cc3 of t.he expe:r.imenta1 group is 

merely a reflection of the low level of intelligence, motivation 

and resourcefulness - factors which determine the development of 

full-fledged kwashiorkor in the children. 

In 1968 B □ tha-Antoun reported an investigation of 22 childrsn 

aged 4 - 5 yearsi whcse early nutritional status had been well 

defined~ BGth experimental and control groups were drawn from a 

large sample tuho took part in a longitudinal growth study from 

birth to 3 months of age. Children in both groups had normal 

births and normal neo••nata! periods. The· nutritional status of 

most children was satisfactory while they were breast-fed in the 

first 3 months of life. Thereafter PCM appeared in the exp~ri­

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

percentile for height and weight at some stage during the first 

18 months of life. Mean differences of IQ on a revised Standford-
' 

Binet Test were found between the experimental and control groups 
lit 

and the di ffere:nce was reflected in both verbal and performance 

scores. The groups also differed nificantly in age of start-

ing to walk and talk, but U1e scores were within the normal age 

range on the Gesell Scale. Although intelligence scores of the 

two groups of parents did not differ significantly, the authors 

recognise that the experimental and control groups were exposed 

to qualitatively diffe:;:-ent environments and maternal attitudes. 

Sibling control~ were uaed in a study of the effects of 

kwashiorkor and intellectual development in Cape Colou~ed children 

in 1968 (Evans, 1969; Evans, moodie and Hans~n, 1971). Forty 

children between the ages of 9 and 14 ye~rs were studied 1 having 



been admitted to hospit~l with kwashiorkor between the ages of 

10 - 49 months. ThB control group consisted of 40 siblings aged 

8 - 15 years, each being the nearest in age and of the same sex 

as the experimental subjBct but without any history of acute 

nutritional disease. On the New S.,'L Individual Scale (South 

African equivalent of the WISC) no signific~nt differences were 

found between the experimental subjects and controls on full scale 

intelligence score, verbal score or non-verbal score. There was 

a positive correlation of 0.62 between subjects and siblings on 
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the full scale scores. A low negative correlation between in­

telligence score and degree of social pathology was found. A 

significant difference was found between subjects and c6ntr~ls 

on the Harris revision of the Goodenough Drawing Test. (~ less 

than 0.02). Of 14 drawings selected as indicating marked emotional 

disturbance by machovers criteria, 9 were from the experimental 

group and 5 from the control group. A low negative correlation 

occurred between the age of the child on admission to hospital 

and the full scale intelligence score in the experimental group~ 

When the data were analysed according to age of admissi en to 

hospital, the difference between the experimental and control 

groups was not significant in either of the two sub-samples being 

admission age 10 - 15 months and admission age 16 - 48 months 

respectively. There was however a significant difference between 

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

cantly lower scores in the late onset group. Because the sub­

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

Inter-group differences in test scores were therefore sought and 



significant differences betwesn the late-onset kiJJashiorkor 

subjects and their siblingi were found on the Harris-Goodenough 

score and the Arithmetic Problems sub-test of the NS~IS. Thia 

finding correlated with nificantly poor scholzstic achiev0nent 

in the late onset sub-sample when comparsd with the control group. 

This study concluded that whilst an acu opisode of Pcm did not 

significantly lower intelligsnco score, the possibility that pro­

longed nutritional depriv3tion r.etaI:ded intellectual developrn8nt 

had not been excluded .. This retardation could hava been caused 

by interference of emotional foctors in the children 1s cognitive 

processes. 

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

Seventy-four Jamaican boys who had been trested in hospital for 

severe infantile malnutrition during the fir~t 2 years of life 

were tested on tho ~ISC at the age of 5 - 10 ys~rs, These were 

compared .wH.h 38 male siblings (Le. children having the same 

biological :i1other as tho index ~asG),. In addition to the sibs a 

class-mate or index case being the neorest in age of t.hE; sarna sex 

was selected. This resulted in 71 matched pairs of index and com­

parison children. For full scr:le, verbal and performance IQ the 

index cases have the lowest sc\res, the sibs occupied. inter:nediate 

position, and the cor1parison childrt::n h::d the highest scores. 

The index childrnn uJGre 7 - 9 points lower than ths com:Jarisons 

and each of the diff0ren6es was statistically si cant (p less 

than 0.001). For full scale lQ, 23% □f the index cases compar2d 

with 11; cf the comparison children rmed at or below the floor 

of the test. (p less than 0.01). ,The proportion of minimalJ,y 
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functioning cvses in the si.b gr.-oup wr::s not signi hcantJ.y di fft:ireni:. 

from either the index or comparison gr□ups. No correlation was found 

between age of hospitalisation arid IQ, and Pearson cor.rel2tions in•­

dicated a random relationship between the age at hospitalisation und 

the IQ at school aga. There was no nificant difference in the IQ 

between the two groups of children admitted bek1een th0 ages of 

8 - 12 months and 13 - 24 months respectively. 

Another prolific wri on the subject is mUnckeberg, who in 

1968 expressed certainty in his conclusion that permanent brsin 

damage results from early m2lnutrition. Fourteen Chilean children 

admitted to hospital between the ages of 3 - 11 months were follow­

ed after treatment, c □ rroction of the undernutrition being attBmpt-

ed by an adequate free supply of milk to the families. The children 

were tested by Binat and Gesell methods when the aga range of the 

group was 3 - 6 years~ The average Binet IQ was found to be 62 

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

average of Chilean pre-sch~ol children of low socio-economic level. 

On the Gesell test, only 1 child attained 42nd month in.all. 

4 areas. The best development was usually in the personal-

social area; the most retardation was seen in language. Head 

circumferences were definitely below normal; heights were all 

below average (3rd percerttile) whereas weights all were found to 

·be above average (3rd percentile). The relction of weight to 

height was above normal, in some cases so much as to giv£., the 

impression of obesity. The author attributes the low test scores 

of the group to brain damage dirGctly :resulting from a disturbanco 

of protein synthesis du:ri ng brain growth, and likens the effect of 



malnutrition during the first month of life to thet of hypo­

thyroidi~m, galact□saemia, and phenylk8tonuria. The irreversi­

bility of the brain damage is saen in the lownEss of the scores 

despite improved nutrition as indicated by th:l . above average body 

weights~· 

m6nckeberg derived further evidence from a study of the rela­

tive influence of social class and melnutrition on psychological 

deficit. He tested 153 pre-school children within three social 

groups. Group A included middle-class childten; Group 8 and 

Group C were from the lower class with the sa_me average income 

per caei ta and simi.lar· educational levels of parsnts. Group B 

was from a population with no malnutrition, due to free distri­

bution of milk and medical assistance over the period bf 10 

years. The proportion of children with normal intelligence was 

essentially similar in Groups A and B, whereas in Group Conly 

5□7i were n~rmal. The author recognises that a supplemental feeding 

programme affects the environment, metarnal motivation, and nu­

tritional state, so that the differences in intelligence level 

cannot be ascribed entirely to .the nutritional factor. 

A further study of the epidemiological type W6S published by 

MHnckeberg and co-workers. The group consisted ofi a random sample 

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

Santiago where living conditions and housing were sub-standard. 

Under-nutrition in this group was prevalent with different degrees 

bf growth retardation 1 but none of the children had oedema or 

severe malnutrition and none had a weight of less than 6 □% of 

standard for age. Group 8 consisted of 90 children from the 
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Chilean middle-class with a similar ,'lge rcnge to Group A. Thoir 
( 

nutritional status was considered norm~l according to tha Iowa 

standards with weight an~ t not loss than 80% of the standard. 

Developmental quotients 1;1ere der:i.vecJ on each child ~' 
1 rom scores on 

the Gesell. and Ter:~,:m:--fi18r.-rill sCciles, and thr:i intGllectual levels 

of the mothers was obtained from an abbreviated form of the LlJechslar-

Belle11:.1e Scale. A nutritiorn:,l survey was mac'.e in every home, .with 

a chemical analysis of s of food consumed during a Eeven day 

period. There wtne substanti.31 differences between the tl:Jo groups 

in terms of femily inqome 1 3tional status of the par~nts, and 

especially in tha intellectual level of the mothers, which show-

ed a significant difference (p less than O .001). ,The percentage 

of the children with an IQ within normal limits for theii age was 

also significantly different (p less than 0.001). Group A children 

had nificantly lower developmental quotients in all areas of 

function tested. In order to determine whether a relationship 

existed between the DQ and nutritional conditions, two sub-groups 

fr□m Group A wore allocated according to their nutritional stctus: 

those whose weight for age was below the 3rd Iowa percentile and 

those whose weight for age was over the 10th Iowa percentila both 

showed a marked difference in DQ in every area. Even children 

with an acceptable nutritional condftion (weight EJbove the 10th 

percentile) presented lower· values in oll areas than pre--school 

chihken belonging to Group B. However a si gnj_ ficent correlation 

was observed between grouith retardation end low intellectual level 

in Group A and also between the frequency of retardation of psycho-

motor developrnHnt and the aiilount of· animal µrotein consumed by each . 
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child. There was also o positive correlation bGtween deficit in 

head circumference_ and DQ level. This correlation ceased to be 

significant when Ci:ani.aJ. ~11-'□ wth was normal. A further significant 

correlation was noted between the maternal IQ and nutritional status 

of the child (~ les:, thon OoOOl). rntlnckeberg states that: "we 

c~nnot assert definitely that undernutrition is a fa~tor in the 

lolU development quotient" and "it is possible that malnut:cition 

could be a concomitant factor ind not the cause of an impairtd 

development quotient.,: He concludes by noting that 11 the degrt.')8 

of retardation was dirt3ctly related to the EJmount of animal p:ro-

tein consumed and also to the retardation of physical and cranial 

growth. The results, although they do not allow the formulation 

of definite conclusions$ suggest that chronic undernutrition in 

the child acts in a negative way upon mental and psycho-motor 

ma·turation. 11 It appear<' therefore that rnt.lnckebtlrg accepts a 

statistic~l-correlation between two variables as indication of 

a causal relationship, and does not allow for the possibility 

of the operation of a third independent variable - with the state-

ment that "it is almost impossible to analyse separ.atr-,ly the·im-

portance of each factcr and thus obtain a definitive, clear-cut 

answer. 11 

By fer the most penetrating study to date is that of Chase and 

martin in 1970. Nineteen urban slum children aged 2 - 3½ years 

were studied having been admitted to Denver Genetal Hospital bet­

ween 1962 and 1967 at lsss than l year of age with a primary diag-

nosis of generalised undcrnutrition. The sample included two sets 

of twins, one dizygotic and ans monozygotic; Children with any 



evidence1 of organic dimJa,,8 leading t,J unr!ernutT:i,.tion, and those 

with neo-natzl difficulties were excluded. With the exception 

of one child from each pair of twins, birth weights were all above 

2 kgs. Nineteen childre~ of similar socio-economic status to the 

test children were chosen as controls on the basis of birth date 1 

weight, sex, race, and having been born and followed at the same 

hospital. In addi ti.on the siblings of both control and test chil-

dren were screened on the Denver Developmental Screening Test. 

maternal intelligence mas estimated with the ~ocabulary sub-test 

"of the Wechslsr Adult Intelligence Scale. Chilp/parent interacbion 

was evaluatec.i in the children 1s homes using the Home Stimulation 

Inventory Scale, and social conditions were evaluated in the home 

' 

by means of the San Mateo County Family Social Functioning Scale. 

All families were rated by the same. social worker on the basis of 

direct observation and enquiries. The index and control children 

were tested blindly on the Yale Revised Developmental Examin2.tion. 

At a mean of 3~· years after admission for both control and test 

children the developmental quotient t:JoS significantly lower in the 

test children (p less than 0.01). The test children were lottJer in 

all five areas of the developmental quotient, but were particularly 

low in language. Control children were also low in language but 

not as impaired as the test children. These children admitted tp 

hospi ~al with .a duration of under-nutt-i tion exceeding the first 

4 months of life were mostly severely impaired with a mean OQ of 

70. All 5 areas of development were statistically lower than either 

the control children or the children admitted with undernutrilion 

before the age of 4 months (p Jess than D.01). The DQ of the test 



children admitted to hoDpital within the first 4 months of 

life was not significantl~, different fro:n that of the control 

children. Physical growth also correlated negatively with the 

duration of undernutrition in the first year of life, with the 

children admitted to hospital after the age of 4 months of age 

particularly low in all indices on follow up (Height, weight, 
I 

head circumference)~ Tho group admitted tq hospital after the 

. age of 4 months contained significantly more children below the 

3rd percentile in weight and height(~ less thaG 0.001). Dif­

ferences w~re not significant for weight or head circumference 

betme~n children admitted prior to 4 monthi of age and tha con-

trol chilclren. In social functioning the families of the test 

and control children differed only in the category 11 health ste tus 

ff 'l th th th •.• t 11 (··, -"' t· 0 0,,5) o am1. y o er an e pa1,1en ,p .1 ... :.ss nan .•.. ,. • A similar 
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number of families in both the con tr-ol and test groups demonstrated 

severe problems in community relations, family relations, and eco-

nomic functioning, but thi Home Stimulation Inventory Scale dis­

criminated between the two ~toups and the difference was signifi­

cant (~ less than 0.01)~ There was no statistital difference bet­

ween the values for mother~ of children admitted prior to the age 

of 4 months and rnothsrs of children admitted after that age. The 

• proportions of control and test mothers w:i. th low intslligence was 

not significant. Thirty-three siblings of the test group ancl .19 

control siblings wire examined. No significant differences between 

the two siblings groups were found for h.sight, weight 8nd hGad cir_­

cumference. Of 27 pre-school test siblings assessed on the Denver 

Developmental Screening Test, throe fei d and in two of these 



cases other siblings in the ferniJ.y besides the index case 

vrnre known to have bfmn under-nmirir,hsd. Of 17 pr.e--school con­

trol sibJ.ings assessed on the DDST there was one failure. Ap­

parently no comparisons were mzde betuieen the nourished or con-

trol children and their siblings. 

The authors acidL'ess themselves to the investigation of fac-

tors relating to the aetiology of undernutritioh and attempt to 

discover why the test children mere allowed to become undernourish­

ed to the point of requiring hospital treatment. Maternal age, 

parental height and education<'Jl attainment, maternal low IQ, and 

social deviant behaviour octurred with similar frequency in the 

tuio groups. Hou1ever the number of siblings under the age of 2 

years at the time that the ~ndex case was born was greater in the 

test than in the ccintrol families. Parental separation during 

pregnancy or soon after birth occurred with a higher frequency 

in the test families, and in four out of eight cases ths index 

child bore the exact name of the absentee fathe~. There was also 

a higher evidence of unwanted pregnancies in the test families 

than ih the control families. The au~hors conclude that: "five 

factors were found that probably resulted ih environmental stress 

to the mother at the time of the under-nutrition: parental separa­

tion; alcohol-re.lated problems; imjdequate finances; larger 

family; and the stress of one or two additional chiJ.dren under 2 

years of age." The eight mothers of test children whose husba~ds 

deserted them during the pregnancy or soon after the birth were ell 

believed to have been emotionally upset at the time that the child 

became undernourished~ The tL1thors recognise an analogy between 
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child-batteting and infantile undernutrition in~ select pro­

portion of cases, and in view of the multi-factorial problems 

in the production of undernutrition suggest that the term 

'psycho-nutritional deprivation 1 could be used to describe these 

children. 

mETHODOLr;&JCAL PROBLEfnS 

T~s investigations reviewed above illustrate the difficulties 

attending the study of the relationship between malnutrition and 

intellectual development. Cobos (1972) conceptualises the diffi­

culties under three headings as follows: 

l. Lack of p sion in the definition of malnutrition. 

2. Occurrence of malnutrition within the context of massive 

depri va tior,. 

3. Lack of precision in the me8surement of psychological deficit. 

Nutritional status is generally established anthropemetricelly 

by measuring deficits in physical growth. H6wever, the v6riations 

in anthropometric measurements and their relation to the effects 

of nutrition are not fully understood. Some studies (Cravioto, 

1966; Stach and Smythe, 1963) have selected children who showed 

poor growth and were therefore assumed to have been chronically 

malnourished. Cobos suggests that a more accurate way of assess­

ing nutritional status w □uld be to measure food intake. This 
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however, particu1a rly in a retrospective study such es ''f;lJnckeberg 's, 

is likely to be unreliable. Protein-calorie malnutrition is usually 

blamed for deficits in psychometric scores, but it is recognised 

that it is extremely difficult to isolate pure forms.of protein 

deficit without associated deficits in other nutrients. ThG study 



Df Liang {1967) is the only one which singled o~t a specific 

vitamin deficiency, and it is intF.Jrest.ing to note that the subj etts 

deficient in Vitamin A showed a greater deficit in IQ score compared 

with those who had suffered from PCm alone. 

All authors have recognised that malnutrition does not occur 

in isolation but exists as part of a rnider syndrome of deprivation. 

No-one has succeeded in controlling the multiple variables that 

indspendently affect both orthodox tests of intelligence and other 

psychometric tests of cog~itive function. The use of siblin~s 

• is probobly the most satisfactory way cif achieving this contI:'ol, 

but as noted introduces the problem of chionic sub-clinical mal­

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

Martin (1970) has clearly shown that the status quo within the 

family is not necessoI"'ily maintained from sibling to sibling~ and 

that psychociynamic variotions. within the family· are in fact among 

the very factors which determine the occurrence of an episode 

of acute malnutrition in a particular child within a chronically 

sub-nourished family. 

lack of prncision in the measur·er.ient of psychological deficit 

I"'~fe~s to the possibility that malnutrition affects differentially 

severnl areas of psychological function. Th:i.s differential impact 

may be further complicated by the possibility that the severity of. 

the insult as well as the age at which it occurs in r~lation to 

critical periods of b8havioural and/or organ development may de­

termine the significance and the reversibility of the psychological 

deficit, and also the paI:'ticular area of behavioural function affec­

ted. Apart from the us.uaJ. difficulties in the clefini tion of 



intelligence and the reco~niseci 
. . . . 
l.lltJ:""tCCJCJ..ES of the methodology 

of measurement, the populstions undor consideration bre generally 

sub-cultural and trans-cultural, and the tests applied are in 

general d~signed for, and standardised on 1 culturally different 

populations. To avoid th~ necessity of applying test norms de-

rivod from a culturally different population 1 various types of 

contrcil groups have been selected which in turn h,Jve introduced 

the problems of the effects of socio-cult.urcil background on test 

performance, as for example in the Stach and Smythe study wheie 

~,e control group had the bensfit of nursery school experience. 

The scientific value of this and other studies is further reduced 

by the fact that assessments were not conducted blindly. Canosa 

(197l)s reporting on two pilot studies, observed that tests of· 

short-term memory which had previously discriminated between well-

and undernourished children failed to do so when the children 1s 

group assignment was not revealed to the psychologists administer-

ing the tests. 

The need for a comprehensive modGl of m3lnutrition is stressed 

by Cobos who proposed that the multi~factoriai causation of an un­

balanced food intake, that. leads to the identifiable alterations 

in body r,1easurernents by which malnutrition i~, diagnosed, should 
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be thought of as a com;-:lex system of. interactions or a network of sub-

systems. This could ba rep~esented in a simplified manner as follows;-

Nutritional status (food nsed/food intake)= f ((FA),(H)J(Ps.F),(F.F.),(S.F)) 

This indicates that the perceived nutritional st~tus is the outcome 

of biological processes depending on the equilibrium between food 

needs and food intske, the latter being a fl'nction of 1 2t least 1 . 

food availabiiity (FA), physical health (H), psychological (Ps.F) 



and familial (r.F.) and sociological (S.F.) factors. 

The elements in this system are r~lated to each other and to 

the total system in ways not yet well specified, Each element 

in itself is also a sub-system, the ex?.ct. composition of which is 

generally unknown. For example the avc1i.labili ty of foorJ is usually 

linked to factors such as economic status, family size and food 

habits, which in turn may be .relab3d to Gsper.:ts of social dis-

organisation such as alcoholism, parental separation and 

ment. malnutrition 1s thus the.result of thG mutual interaction 

y-

of many factors, some or aJ_l of which are present at vari.ous J.evels 

in varying rees, 

A detailed analysis of the functions of food and the effects 

of decrease in such' functions is provided by Cobos 1 in terms of 

which food has mechanical, biochemical; physiological, psychologi­

cal, and sociological significance. In terms of this analysis, 

reduction at mechanical level ab poor development of perception; 

at a biochemical level as im□ airment and alteration in CNS functian 
, • . l. • 

and structure; at a physiolog 1 level as increase in the risk 

of infection and illness with consequent reduction of conc~ntration 

ability; at intra-individual psy~hological level as the activation 

of mechanisms to increase survival with heightened attention to the 

1self 1 and less attentibn to the extra-individual factors; at an 

inter-individual psychological le~el as maternal deprivation with 

consequent damage to all areas of psychological development and 

primary socialisatio□; at the intra~familial psychological level 

as syndrome offumily deprivation leading to damage of psycho-social 
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developmont and secondary socialisation; and th8·saciological 

level as identificaticn with a marginDl grou~ and im~overishment 

of psychological and social s~vi~onment and ~orformonce. 

Cobos (1972) de3cribes the design of a proposed study known 

as the Harvard-I.C.B.F.-Cornell Projoct. The ~reject aims t~ ex-

plore the question of whether malnutrition causes deficit in de-

fined psychological ,:ir_eas, and if possible to clarif~1 the extent 

to which the psychological deficit may bs prevsnted or reversed 

by food supplementation. An attempt is being m~di to discover 

whether the possibls nutritional causes of ~sychological deficit 

can be d.i.stinguishod from oth9r Gausss b>' determining the nature 

of the interaction bt:1tween nutritional and other non-nutri. ti,mal 

factors offsctin~ psychological function. A basis for the de~ign 

is the well-known fact thst siblings havo highly correlated 

psychological scores, a fact which has been confirmed in the pilot 

study. A further basis for the design is thgt in the local area in 

which t'.is project is being conducted, it is a common finding thDt 

a child who is malnourishoci has one well-nourished sibling, Food 

supplementation of th3 family should lead td a recovery of the 

malnourished child and the ~revention of malnutrition in the well-

nourished child. This allows a comparison to be made between the 

sibs in order to identify the effect of a history of rnslnutriti.on. 

In order to separato the effect of birth order from nutritional 

effects, different groups of siblings will be studied. The 

Griffiths Scale of f;l3n tal f\1e~isurer~ont wi 11 be used to cl!::r:i. ve a 

"Cognitive Developmantal Quotient," 
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Preliminary results of the pil □ t study published in 1972 in­

dicated that various combinations of the social variables significant­

ly accounted for a considerable part of the variance in the indivi­

dual psychological test scores, and suggested a considerable over-

lap between the nutritional scales and the combinations of sociologi­

cal variables. Howevor even after the measured social variables 

had been accounted for, nutritional factors had an impact on the 

psychological test scores. The study promisss to be the most de­

finitive one so far undertaken. 

A study ofl novel design and with particular relevance to the 

present study is that of Yaktin and mcLaren (197□, 1971). Prelimi­

nary findings of the study conducted on Arab children in Beirut were 

published in 1970. The study aims t0 assoss the improvement in be-

haviour~l development during recovery from marasmus, with and without 

the added effects of stimulation during the rehabilitation period. 

Thirty children in the study all suffered from acute and severe 

nutritional marasmus at the time of their admission to hospital 

and ranged in age from 2 - 16 months. These children were divided 

into 2 expeiimental groups matched for age and sex. One group 

consisting of 17 children was provided with an enriched environ­

ment and referred to as the stimulated grou~. They were treated 

in decorated ward~ and provided with toys and music. Nursing 

staff were instructed to play with them, sind to them, and establish 

a warm nurse-child relationship. In contrast the 13 children in 

the unstimulated group were treated in an ordinarily furnished hos­

pital ward of about the same size. Both groups of children received 

identical medical and dietary treatment. At the beginning of the 



unstimulated group 30 weeks, The mean weights were 3J.D% and 

52.9% of the 50th percr-mtile of tho Boston stanci2.rc1s respective1,,. 

AJ.l children were tested over a period of four months at 2 wee!, 

intervals on the Griffiths mental Development Scale, The stimula-

ted group had a mean OQ of 51 at the beginning of tbe study, and 

the µnstimulated group a mean ~Q of 46; the difference ~£snot 

significant~ Significant correlations however were fo~nd ~etween 

the OQ and weight (p less than 0.01) and between DQ and head cir-

cumference (p less than 0.001). Both groups showed improvements 

in the DQ scores as they recovered physically, the stimulated group 

to a significantly gre.::1ter extent than the uhstimubted group. iH 

the seventh testing ~sssion the mean OQ was 70 and 75 for the sti-

mulated and ~nstimulated groups respectively. At the eighth sessioh 

the mean for the unstimulated group dropped to 66 whereas the mean 

for the stiniulated group rose to 78. The authors do not £~xplain 

this change in direction 9 which raises q~sstions about the relia-

bility of the test employed. Over the entire period the greatest 

improvement was in the aroa of person3l-social function in both 

groups, At the end of the observation period the greatest remain-

ing deficit ~as in the area of he □ ring and speech, 

I t (y It • t ' •10 71) ,, n a more rccen paper a< .in e. ai., ~J ~n□ autr.ors re-

port on a stimulated group of 28 chilcren, an unstirnuJ.atocJ :;;roup of 

27 children and a control grnup of 35 healthy chLldrnn from the 

same co~munity and m2tched in age and sex, but significantly diffe­

rent from the experimGntal groups in terms of weight, being 1 □ 6% of 

the standard. At the ini t.ial test session the control group hod a 
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for the unstimulated group. Analysis of variGncs was carried out 

using 20 subjects from each group. Ths ~srf □ rmance of the control 

group was significantly superior to both experimental groups (p lass 

than 0.01). A difference between stimulated and unstimulated groups 

became significant only from the third session (p less than 0.05); 

at the 4th to 7th session the difference increased (p less than O.Ql) 

and at the 8th sGssion the difference became less pronounced (p less 

than 0.05). Again th8 greatest deficit appeared in the language 

area. There was no ~gnificant difference between sessions in the 

control group. When analysed in terms of age on admission to hos-

pital, 30 children admitted before the age of 6 months had a mean DQ 

of 82 on discharge, 18 children admitted over the age of 12 months 

had a mean DQ at 61 on discharge. The differentes between the three 

age groups ~ere significant (p less than 0.01) indicating a relation-

ship betweeh duration of malnutrition and severity of impairment. 

Follow-up experiments of 33 experimental children and 20 con-

trols are being co ntinuGd at 3 monthly intervals. The rec,ul ts indi-

cate that the two experimental groups became progressively more si-

milar, the control group remaining more or less constant. At one 

year follow-up, four previously stimulated children. h:; d a mean DQ 

of 83, and five previously unstimulated child had a mean DQ of Bl, 

compared with 5 control children with a ~ean DQ of 105. The signi-

ficant difference in mean D[~ between children who LUere less than 6 

mbnths of age on admission and children from th~ older age group 

remained signi~icant. The results suggest that any benefits accrued 

from stimulation a.re lost tuhen the child retur·ns to the honie 

. ... envi ronrnen". 
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A similar study is reported in abstract by Vftale (1970). 

Over a three year period there was a significant increase in the 

Gesell DQ of children betweeri l - 4 years of age fe6 food supple­

ments and provided with medical care. A comparable age group pro­

vided with only medical care showed no significant increase. Coupled 

with the increase in DQ was an increase in head circumference, sta-

tistically greater in the food supplement group. Medical care and 

medical care plus food supplement had varying effects on the reduced 

DQ of children aged 6 - 16 years on Porteus, Goodenough, and Raven 

Tests. There wa~ no increase, a slight decrease a significant 

increase for medical care and medical care plus food supplement groups 

respectively. However only the medical care plus food supplement 

group had a significant increase in the DQ on Dearborn Scale. The 

infant mortality rate·and the death rate for the l ~ 4 year group 

fell si~nificantly without any apparent effect of food supplement. 



CHAPTER 3 

Af\JirAL EXPEF:HnE~!Ts rn NUTRITI O~JP.L [JEf.?RIV)TIO'.'l Ar.JD 

NEURAL DEVELOPMENT 



~1:!l!:l'll.- .EXPQllfilQHS HJ NlJfRIH O:H\L OEPRIV:HIOM A~·JD 

1'!.:UFML CEV[~DP1:1E'.JT 

more than 50 years h3ve elapsed since Jackson Dnd Stewart 

(1920) published thoir findings on the effect of v2rying periods 

of i.nanition and subsec:urant nutritional rnhabilitation on new-born 

and weanling experimental animals several species. One of their 

m~in conclusions was that nutritional deficiency imposed shortly 

after birth held permanent and obvious effocts on the subsEquent 

growth of the animal, u;hilst transient malnutri t:ton occurring at a 

later age depressed growth only for the duration of depriv2tion 

without affecting ultimate size after nutritional rehabilitation. 

The stage of development at which.the young animal ceased to be 

vulnerable to permanent impairment of the growth potentiel could 

not be precisely defined and evident1y varied amongst speciGs; 

however it usually occurred shdrtly after the end of the normal 

suckling period, Since then it has been demonstrated experimen-

tally in many species that if an animal is deprived of the assen~ 

tials for growth during critical stages of post-nctal development, 

it will remain physically retarded, notwithstanding later correc­

tion of tho dietary deficiency. (lliaterlow, Cravioto and Stephen, 

1960; Widdowson, Dickerson and m~Cance, 1960). Mccance has shown 

in experiment2l animals that whether malnutrition has temporary 

or permanent effects on body size depends on the severity 1 duration., 

and timing of the insult .. Differences exist between species, but 

in general 11 t.ho earlier in its development c:in animal receives a 
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riutrit:i.rmal set-back, the less likBly it is to reach its fuJ.J. 

genetic stature." (mccance, 1968)" The critical phase Gf mf­

trHional vulnerability can. thus be identified u1i th the period 

of maximum growth, which in many infrahuman multiparous species 

takes place prodominently during the pre-natal period of develop-

rne nt. 

Hypothetically this knowledge ca~ be applied specifically 

to the growth of tha brain ·and development of the CNS. The con­

cept of 1sparing 1 of the brain from the effects of nutritional 

insult based on fhe work of Donaldson (1911) was challenged in a 

series of pioneering investigations during the 1960 1s by Dabbing, 

Widdowson, and Davison which demonstrated that both severe and 

~ridest degrees ~f nutritional deprivation experienced by the ani­

mal at a time when its nervous system was·deveJ.oping most rapidly 

resulted in reduced brain size and in deficient myelination. The 

deficits were not made up by subsequent n0tritional rehabilitation 

(Birch, 1972). 

Two main overlapping hypotheses about the vulnerability of the 

deve ng brain have already been extensiv~ly tested. Dabbing 

(1970) states that "the brain is likely to be most vulneroble to 

permanent restriction from undernutrition ~uring the period of the 

1brain growth-spurt', the transient period during.which it is 

passing through the rapid phase of its sigmoid growth trajectory . 11 

Dabbing adds two corollaries, firstly, thit the nearer the growth­

spurt, the milder need be the. undernutrition to produce p~rmanent. 

restriction, and the fu;:-ther away, the more severe until in the 

adult there is no great effect on brain composition from very 
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severe starvation. Sec~nd , in view of the different rates of 

growth in diff8rent brt,in ragions and along d5.fferent pa!'amete1:s, 

undernutrition at any ones will produce different effects in 

relation to the regional velocity obtaining at the time. Another 

main hypothesis is pr-opo$ed by Winick and !~oble (El66) that 11 u;ider­

nut rition during t!-e growth pe:ciod in any tissue whon cell division 

is taking place will lead .to rmanent reduction 5.n the numbers of 

calls 
1
attained. Later undernutrition, at a time when growth consists 

mainly of an increase in the size of cells, will result in a reduc-

on only of cell size and this will be recoverable on restoration 

of normal nutrition." This would explBin the phenomenon of 1c:atch­

up 1 on rehebilitatio~ s~bsequent to relatively late ~nset depriva­

tion. 

Dabbing (1972) sees a superficial resemblance between these 

hypotheses and the hypotheses relating to britical periods in the 

development ·of motoric and cogni skills during which experience 

and environmental stimulation have an optimal effect. The critical 

periods for imprinting, socialisation, and acquisition of cognitive 

skills are described by the developmental behaviourists as periods 

of increased activity in that the organism is more susbeptible to 

developmental progress. By contrast, th0 use of the term by neuro­

biologists tefers t6 sensitivity in terms of vulnerability of de­

velopmental phases to interference with developmental processes. 

The field of teratology has accumulated knowledge of very precise 

moments of susceptibility· during periods of or·gan development at 

which specific insults may result in gross disturbances of final 

shape and form. In experimental animals, viral disease, drugs, 
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specific nutritional deficiencies, X-irradiation, ~nd even a short 

episode of mild pyrexia, will produce deformities in the CNS depend­

ing on tha precise timing of the insult in relation to embryological 

events. 

The growth end maturation of an organ 2t cellular leve.l comprises 

four stages:- proliferation, migration, differentiation and death~ 

This sequence of e\Jents is observed in all parts of the brain, but 

the timing differs from one cell typo to another, and from tegion 

to region. The cellular composition of the brain is relatively 

heterogeneous, and this contributes t~ ~n extremely complex pattern 

of development when the br2in is regarded as a whole (Herschkowitz 

and Rossi, 1972). Velocity curves for brain growth have been con­

structed for a variety of animal species using whol~ brain weight, 

total brain cholestrol and tissue deoxynucleic acid - phosphorus 

(D.N.A.-:P) content as indices of ~Jevelopment by Dabbing (1970s 1972). 

The majoi brain growth-spurt may be said to begin in all species at 

~bout the time the adult number of neurons is virtually achieved: 

by the end of the second trimester of gestation in humans (25 wee ), 

or at birth in the rat. This pciint however cannot be regarded as 

the end of cell multiplication, and the hetarogeni~ty of brain cells, 

and the different times at which they divide causes difficulty with 

the cell division hypothesis. Neurons multiply ven1 early, mainly 

before the oligodendroglia be~in to do so. Thus adult members of 

neurons are virtually achieved before the growth-spurt begins. 

However, the gr8atest number of brain cells are the glia, and these 

begin their own mitotic growth~spurt after neuronal division has 

ceased and.coocurrently with the growth of dendritic processes and 



connectivity. Experim8ntAl testing of both hypotnesas so f2r has 

imposed nutritional restrictio~s at 2 stage later than the period 

of neuronal division, and the cell deficits achieved ar~ therefore 

likely ta be almost exclusively glial. If glial number is a func­

tionally important brain parameter, this would be important and 

might account for subsequent specific daficits of myelination; 

but if the period of rtpid bio-synthetic activity concerned with 

myelination is in itself vulnerable, this would open up the further 

possibility that other non-mitotic processes will be vulnerable 

simply becausG they are occu:rring rapidly at the time. The con­

sequent establishment_ of synaptic connections, which are not direct­

ly concemed with cell div:i.sion, but are important in the growth of 

neuronal processses, may be interfered with as a direct consequence 

of interferences with the previous division of glial cells ■ 

The broad generality of the vulnerable ~eriod hyp;thesis hes 

been effectively tested and proved in animals; and its corrolaries 

that a vulnerability related to the rcte of growth implies a com­

parative invulnerability before the brain r.irowtl")-spurt, and an in­

violate adult brain~ have been well demonstratedo Furthermore it 

can be shown that growth retardation in animals does not alter 

the timing of the growth-spurt in the brain, but causes a reduction 

in the extent of the process, which nevertheless occurs at its pro­

per ordained time. Thus none of the individual l1eloci t~, peaks of 

wet weight 1 DNA or cholestrol accumulation are shifted; they are 

reduced in height 1 and because no 1catch-up 1 occurs on the restora­

tion of ~d.libitum food, the effect is a perman~mt reduction. It 

seems clear then that the brain is an organ which has a once-and-for-all 



opportunity to accorniJlish cortain 

ment. If this-opportunity is lost 

(Dabbing~ 1970}. 

rtar1t pr0Gesse2, of develop-

can never be fu recovered 

IJihilst Zamenhof (1968) t Winick (1968) 2nd Dabbing (.1968) have 

shown that permanent alterations in the number of cells and thEJir 

distribution among brain structures are produced only when the or­

ganism is malnourished du:r-ing the period of rapid growth of the 

CNS, biochemlcc;Jl and physiological abnormalities havs also been· 

reported. C_nzymati~ maturation and development in the. brain is 

also affected; Chase ot al •. (1967) have demonstrated defective 

enzyme org3nisation in the brains of malnourished ~~imals. 

In order to avoid confusion in the interpretation of evidence 

from different species and to alloUJ speculative extr-apolation to 
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man, it is ifilp □ rtant to consider that the cri tica.l periods of maxi­

mum organ growth occur at different times in different species·but 

demonstrate an identical pattern. Thus in pig 1 s brain, growth and 

differentiation occurs most rapidly in the period prior to birth, 

whereas in the rat the most rapid growth occurs when the anim~l is 

suckling. Deprivations that are experienced at the sa~e chronologi­

cal ages and life stages will. therefore have cli ffer.ent effects in 

different species. Thus rivation during early post-natal life 

will have little or no effect on the brain 1s size and structure in 

an organism whose brain growth h8 s largely been completed during 

gestation. Conversely intrauterine malnutrition is likely to have 

only minor effects in species in which the most significant period 

for brain growth occurs post-natally (Gobbing, 1970). 



. Attempts hove br~en msde in expe:!.'iments to select an animal 

species where the brain gro~th characteristics ~re knGwn, and 

nutritional deprivation has been imposed at the supposed vulner­

able time for. that species. The majority of· experimental work 

has attempted to exploit the post-natal timing of the growth-spurt 

in rate during their suckling period. The most widely used design 

retards growth by increasing the size of the suckling litter so 

that when weaned, the rats are about half normal weight. Thay are 

then given .££..illll1::!.8. food Lmti 1 mDturi ty 1 and the meturs brains 

are than examined and ccm;:iared with the brains of an5.ma ls fed we11 

until weaning in an avetage size litter, but und0rnourishad later 

by restriction of food. 

An alternative experimental design involves the underfeeding 

cf the mother during the pregnancy. Stunted offspring as well as 

normal control nc~wborns are then cross fostered at birth to well­

fed and undernourished lactating females, the litter size being 

standardised. Thus four groups are achieved.accbrding to whether 

the gestational peribd or the suckling period or both or neithGr 

was nutritionally restricted. Any of these groups can be weaned 

to a restricted or adequate diet, and in this way all combinations 

and permutations of growth restriction can be imposed in the pre­

growth spurt, the growth spurt, or the ppst~grQwth spurt periods. 

Numerous experiments based on the above two designs indicat9 

clearly that deficits in brain growth are confined to those ani-

mals undRrfed in the suckling 6d. Growth retardation confined 

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

brain does not indLJce permanent stunting of either the whole body 

or the brain. 
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rt has besn recently shown that the timing of the sr:iver.al 

major cor.iponents of tha brain grnuit.i,-spurt is determined by 

chronological rather than doveloprnental age (Dabbing, 1972). 

Vulnerability of the growth programme may thus reside in failure 

in growth-retarded animals to accomplish proper growth at ths fixed 

chronological age which is their only opportunity. 

The effect of nutritional depriv~tion during· gestation have 

been demonstr~ted by Nelson and Evans iri 1953. A significsnt d~~ 

crease in reproductive psrformance of ,rats occurrfJd when dietary 

protein was reduced to 5;/o. If the protein restriction was comm9n­

ced after a delay of seven days after m~ting, the effects wers not 

as severe. In 1964, VenkatachaJ.am and Ramarethan showed that a ?7; 

protein diet during gestation only, resulted in reduced growth and 

a 40% post-natal mortality. Taking the above findings a step fur-

ther, Zeman and Stanbrou~3h {1969) demonstrated thcit a 67s protein 
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diet during gestation resulted in reduced OMA, RNA/Df·JA and Protein/ON;~ 

ratios in 16 and 20 day foetuses, and newborns. Compared with con­

trols fed a 30%.protein diet a primary reduction in cell number 

in most tissues occurred in the malnourished animals. Similar re­

sults were obtained by Zamenhof et aL in 1968. An B% protein diet 

fed from before .mating through gestation resulted in reduced DNA 

concentration at birth compa::ed with control animals fed a 27'}'~ 

protein diet. 

The work of Winick and co-workers (1966, 1967, 1968, 1969) has 

demo~strated clearly the aftects of nutritional deprivation during 

infancy in animils. In general the findings in rats have demon­

strated that increase in litter size reduces cell number (total size) 

in all organs. Refeeding after weaning has been inefrective in 
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improving the DNA contGnt. A restricted protein· diat from weaning 

to t.12 days of age resulted in re:,duced IJ!eight, total protein, Df~A 

and RNA in all organs except lungs and brain, where cell size was 

smaller but total number of cells was unaffected (i.s. total DNA 

was not reduced). Refeeding of such animals allowed the brain and 

lungs to regain normal size, but other organs show~d no recovery. 

Restricted diet from 65 to 86 days of Gge reduced total protein 

and RNA but had no effect on DNA, indicating that cell size was 

affected but that cell number remained unchanged. These ndings 

=lead to the general conclusion ·th2;t the brnin appeared to be ir­

reversibly damaged only by nutritional deprivation prior to weaning. 

The effects of nutritional deprivation after weani~g was further 

inves ted by Dickerson and Walmsley (196?), who confirmed that 

rats undernourished from weanin~ ta 11 weeks of age could be re­

habiliated successfully in 2 - 8 weeks, and thereafter showed no 

reduction in DNA/pr·otein concentration in the brain, indicating 

. normal cell size. Guthrie and Brown (1968) found that brain 

cholestrol levels were normal if nutritionally d~prived animals 

were rehabiliated immediately after weaning, but remained irreversibly 

depressed if ~ndernutrition extended to 5 weeks of age. This suggests ,• 

a second vulnerable period during myelination after which the brain 

becomes resistant to dietary deprivation .. Dabbing in 1968 confirmed 

that a 45% reduction of body weight in mature rats achieved by im­

posing a 5 week starvation diet had no affect on brain weight. 

These findings suggest that the mature brain, unlike the developing 

brain is indeed 1s pared I under severe nutritional deprivation. 



The experiments so far rsvie~sci have not takin into account 

regional differences in the relative timing of the growth-spurt. 

Although overlap occuri, it is well recognised that development 

of the brain stem is completed relatively early and development 

of the cerebrum relatively late with tho cerebellum taking an 

intermediary position. If it is accepted that the periods of in­

creased neuronal hyperplasia, gli2l multiplication, and myelina­

tion represent periods of increased susceptibility, then timing 

of the nutritional insult takes on a selective significance. The 

cerebellum passed through its growth-spurt at the same time as 

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

faster. Thus the effect of generalised growth restriction is impo­

sed ctively upon the especially fast grGwing cerebellum. This 

has been well demonstrated by Dabbing (1970) who exposed the heads 

of infant rats of varying ages to X-radiation. 
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Regional brain differences in vulnerability· ta malnutrition have 

been studied by Culley and Lineberger (1968), Howard arid Grano ff 

(1968), Cheek et al. {1969), and Chase et nl. (1969). Rest:r.ictsd 

feeding affected most severely the weight and DNA of the cerebellum; 

when body weight was imp:r.0 11ed by refeeding from 57J~ below normal 

to 17% below normal, the cerebrum achieved a weight ?'ji below nor­

mal, whereas the cerebellum rema:i.ned 22;; below no:rmal in tueight. 

This indicates that a reduction of cell size occurred in the cere-

6rum, but that cell number in the cerebellum had been reduced~ 

Fish and Ulinicl< (1969) demons.trated that the brain stem was Httle 

affected ~t 6 - 21 days, but the cerebellum was again more affected 

than the cerebrum and hippocampus in rats r.1c1ared iii large litters. 
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Altman (1971) suggests the distinction of three ci:·.itical phases 

ih the developme~t of ~1e mammalian nervous system after birth. 

These three phases ere reJ.ated to the formation of three major 

classes of cells which arise from three proJ.iferative sourcBS during 

three successive periods of growth. The three major cell types are 

1) macroneurons, 2) microneurons, and 3) neuroglia. fllacroneurons 

are long-axoned narve cells that form the afferent, relay, commissural) 

and efferent elements of the peripherol and central nervous system. 

As such they are responsible for conveying sensory messages from 

the receptors to the CNS, for rela~ing afferent impulses from one 

brain region to another, aid for transmitting motor commands from the 

brain .to the effector argons. These rnacroneurons form th0 gross 

circuitaiy or 'course wiring' of the narv□us system. The micro-

neurons are short-axoned interneurons with regional or local input 

and output connections. It is presumed that their function is pri­

marily· modulatory or associative in nature, and they represent the· 

1fine wiring I of local brain regions, The neuroglia are suppottive 

elements which are responsible for the rnyelination of axons and for 

linking the differentiated neurons ~ith the fine capillaries of 

the brain. As such they are responsible for the s1Jstenance and 

fixation of the developed brai~ circuitry. macroneurons, micro­

neurons and neuroglia tend to differentiate in any brain region 

sequentially, and it is possible that a hierarchic inductive re­

lationship controls their successive regional differentiation. 

for example, the microneurons of the cerebellar.cortex migrate 

and differentiate after the Purkinje cells with which they esta­

blish synaptic contacts, have begun to differentiate. The di f­

ferBntiation of neuroglial cells, as judged by myelination of 



the cerebellum, is the last, event in t.hE, mat:.i:rotion of this 

brain region. 

It is of great practical import2nce that in al tricial mammels 

(e.g. the mouse, rat, cat, or dog) the r::acroneu:tons differtomtiate 

largely during the period of embryonic development; the bulk of 

. 53 

the microneurons come into existence post-natally during the suckl­

ing period; the bulk of th~ neuroglial cells are termed during the 

early post-weaning period. Accordingly, nutritional deorivation 

duri rg the suckling period could be expected to inflict less harm 

o~ the elements already fotmed, viz. the long-axoned neurons, but 

would interfere with the formation of the microneurons and thuo 

the 1fine wiring' of the brain. The great reduction produced in 

the cell population of the cerebellar cortex by early ~alnut~ition 

in animals supports this view. Nutritional deprivation during the 

early post weaning ~eriod would interfere with the final stag~ of 

the mature tion of the brain such as myelination, by prsventing 

the f-0rmetion of neuroglia. 

The· use of chemical indices for components for brain structure 

provides a comparatively simple method of ass~ssment and is now 

widely used. Thus total tissuG DNA provides an index of total 

cell number, and DNA concentration per gram of fresh weight is an 

index of cellularity. Cholestrol content represents myelination; 

RNA/DNA ratio and protein/DNA re.tics are used as an index of cell 

size. Difficulties; however, occur in the interpretation of these 

indices, and their use is sometimes of questionable vzlue. Thus 

Grano ff (1969) indicates that a deficit in cholestro.l per mg. of 

tissue might reflect reduction in either myelin or total cell 



surface area ~ssocistsd with a selective suppression of certain 

neuron types, and is net necessarily an irreversible interference 

with myelin synthesising cells as .sug£1ested by UJinick (1969). 

Similarly Wigglesworth (1969) suggeots that impairment of myelina­

tion ma.y be due to a decrease in the number of cells m.1ailable and 

lowered activity of enzymes invdlved in myelin synthesis. Further-

more Dabbing (1970) nts out that th8re are many areas in the 

brain (including the br9 in stern) tuhere much of the protein content 

is related to the axons of cells in a completely different region. 

Protein/Df·JA r1:1tio is thE,refore. difficult to interprete in a tissue 

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

metre in length. Nevertheless the use of the various indices has 
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made ex mental investigations in animals possible and must there-. 

fore be applied to qefining normal human brain growth and the in­

vestigation of the effecis of nutritional deprivation on the de­

velopment of the human CNS. 
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HUMAN STUDIES GF BRAIN GROWTH IN NLITRITICNAL DEPRIVATION ---------- ----- ----

The first detailed description □f the organs of unde~nourished 

6hildren was given by Parrot, a French paediatrician who studied 

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

degeneration of the brain, and abnormalities of other organs 

(Naeye, 1970). rnore sophisticDted studies of ,early childhood 

undernutrition have only recently been undertaken, and are still 

incomplete• probably due to the fact that the arrival of severely 

malnourished children on the autopsy table is now occurring with a 

diminishing frequency. As noted previous1y, the fact that more and 

more undernourished children survive has given rise to interested 
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concern about long-term effects of early maln~trition. The emphasis 

of research is no longer on de~th but on_ possible long-lasting ef­

fects of survival. 

Hypotheses considering the possibilities that maln0trition in 

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

and CNS either quantitatively or qualitatively derive from an in-

creasing body of information on the effects of malnutrition on 

physical growth. 

Physical growth retardation following infantile malnutrition 

has been thoroughly docu~ented in numerous populations. There re-

mains however some doubt about its permanence, and in human studies 

at least, there is some evidence for the occurrance of 1catch-up 1 

growth which is self-stabilising and occurs with high velocity 

during rehabilitation until the child's hatural trajectory is 



react1ed. A pre-pubertal groLuth-spud; !:iay also occur. (G8rrow 

and Pike, 1967; moo die et al., 1971). 

For many years the concept of 1spa~ing 1 of the brain and 

CNS was generally heldi but more recently it has beeri suggested 

that the brain is not fundamentally different in its growth pat­

tern from other organs; the CNS is not a psrfectly insulated sy­

stem which grows well independently of its particular needs for 

nutritional support (Birch, 1970). 

Howevtir the brain is a peculiar organ in that eventual neu• 

ronal cell number is defined early in life. Thus the brain reaches 

its final cell population number whilst most other tissues, organs 

and systems are continuing to engcge in cell replication for con-

siderably longer periods of time (Birch, 1970). A further ~istinc­

tive feature of the brain is its relative functional indispensibility 

in comparison w h other organs. Whole sections of gastro-intestinal 

tract or laige proportions of liver m~y be structurally damaged or 

surgically remrn, ed with out serious consequences for the furic tiona l 

capacity of the individual. In contrast, it is virtually impossible 

to interfore significantly with brain structure without producing 

pronounceli alterations in the functional integti ty of the organism 

(Coursin, 1967). Studies of human brain growth by D6bbing (1968, 

1970, 1972) have demonstrsted clearly the occurrance of a human 

brain growth-spurt with'essentially the same sequential characteris­

tic~ as these found in other mammals. 

Data (Dabbing, 1970) from the analy~is· of 200 normal human 

brains hc:110 allowed three main conclusions: 

reveal a separate growth-spurt from 15 - 20 

1) DNA estirnationj 

weeks of gestation 
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which is distinct from ths main period of cell division. The 

latter e>:tends from about 30 weeks of gr:istation to at J.s.sst· the 

end of the first pos~-natal year, and probably until 18 months 

of age. Thez,earJ.y g:rowti1 period is almost certainly neuronal; 

the later glial. 2) Regional differ~nces in grdwth rate and 

the general sequence of events in human brain growth are identical 

with those in all animal species studied except for the timing of 

events in relation to birth. The wide spGcies var:i.ati.on in this 

has already been noted and must always be considered in the i~-

terpretation of the effects of nutritional insult. 3) The mejor 

growth-spurt period in the human brain is predominantly post-natal 

and applies particularly to the bulk of myelin which has to be laid 

down before the ariival of the glial cells which make it. These 

findings indicate that in the human infant neuronal cell number is 

mos~ probably fully defined before the end of intra-uterine life, 

Thereafter cell replication is that of 1 cells through the first 

9 months of life, the process terminating by the end of the first 

year. However, my.elination continues for many years thereafter, 

as d~es the proliferation of dendrite branchings and.other features 

of brain organisation, and adult brain weight in humans is achieved 

during adolescence (Dabbing, 1970; Winick, 1970). 

Jackson pointed out in 1909 that in atrophic infants the brain 

continues to grow, so that emaciated infants ~an have normal brain 

weight. Donaldson (1911) formulated the concept of 'brain sparing' 

on the basis of evidence which indicated that brain ht wss un-
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affected in the presence of an appreciable reduction of body weight 

achieved by post-natal nutritional depri. 1rn tion. Suppa rting evidence 
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for the concept of 1brain sparing 1 was provided by Brown who showed 

in 1965 that although the brains of malnourished children at post•~ 

mortem weighed absolutely less than those of the well-nourished 

children, when the brain weight: body weight was calculaterl the 

malnourished group had higher ratios, Alleyne and co-workers (1969) 

reported similar findings in a post-mortem study of 11 children 

who died of severe PCr\1. The brain contributed a rger percentage 

to the total body weight .:i.n the more severely malnourished children, 

and the authors repeat the suggestion that the brain is relatively 

well preserved in malnutrition. However, the water content of the 

brain was higher than in other tissues, and the b~ain : body weight 

ratio may be a reflection of over-dydration of the brain, or could 

be explained by relatively gre3ter wasting of the body. Thompson 

(1970) points out that changes in body or organ weight may reflect 

changes in body water and fat and have nothing to do with growth; 

the above results may therefore be misleading. 

The most striking eviden6e ag~inst the concept of 1brain sparing' 

is provided by Winick and Rossd (1969) who compared the brains of 9 

children who had died of severe malnutrition before the age of 12 

months with the brains of 10 well-nourished children who had died 

acutely of accidents or poisoning, and brains of two foetuses ob­

tained from therapeutic abortions. The children who had died from 

severe malnutrition were all below the 3rd percentile for both 

height and weight and showed clinical evidence of severe nutritional 

marasmus. • The brains of the 9 severely marasmic children all had 

reduced weights and reduced quantities of DNA, R~A and protein. 

In three cases the DNA content w~s only 4 □% of the~ expected, 
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but these th:r.ee had wsighed lsss than 2 id rsrns at birth,. In 

all cases the Dl'JA/RNA 0mj DNA/protein ratios were normal, suggust ... 

ing a reduction in the number of brain cells in the malnourished 

children. It appeared that the younger the child when he developed 

malnutrition, the more rnarked the effect on the brain. The data 

indicate that very little cell division took place fro:r1 the time 

these children were exposed to severe ~alnutrition. 

A study of the brains of four malnourished infants aged 2 - 22 

months is reported by Fishman et al. (1969). In three of the in­

fants birth weights rconged from 2.5 to 2.8 kilograms and the effect 

of intra-uterine malnutrition can therefore not be separated from 

maln~trition during infancy. Estimations of cerebral lipids close­

ly linked to my2lin membrane were consistently reduced in the white 

matter of malnourished brains when compared with controls. 

Studies of brain growth and prematurity provide further rele­

vant informotion reviewed ·by Birch (1972), Thomson (1971), and 

Winick (1973). In popul~tions of undernourished wcimen placentas 

are smaller and contain fewer cell~, and some of the tissue changes 

sociated with unde:rnutrition in ani:nals have been found to occur 

in the placentas of undernourished wcirnen. Data concerning the ef­

fect an the foetus are meagre and indirect, but show that in 

small-for-dates infants from undernourished populatior.s who died 

shortly after birth the cell number. was I.'educed in all organs in­

cluding the bl'ain. In infants who died during the first yqar of 

life of severe undernutrition, by far the greatost deficit in brain 

cell nur:iber was present in the group weighing lsss than 2 kilograms 

at birth. When placentas from infants with intra-uterine growth 



failure fror.1 well-nourished populations are studied, they can 

be divided into two groups; in one the placentas are normal 

• in size and contain a normal number of cells even though the 

infant is small; all of these infants had a major congenital 

malformation. In the second group the placentas were small 

and had a reduced nuinber of cells; all these infants were 

physically normil except for their small size~ 

The first situation is caused by intrinsic abnormalities 

which manifest in both growth failure cJnd congenital defects 

of struct~re and form; the placenta is not affected. The 

second was caused by extrinsic factors (other than malnutrition), 

.possibly by placental vascular in~ufficiency. The cellular de­

fects in these infants having small plac~ntas were similar to those 

produced in rats by ligation of a branch of the uterine artery with 

consequent reduction of blood supply to som~ of the foetuses. 

A 20,~ reduction in body weight at term tuas accompanied with a 50;~ 

reduction of liver weight whereas brain weight was not r2duced at 

all. The brain contained its full complement of cells whri!reas 

. liver cell content was reduced to 50% of expectation. Only mild 

transient changes in tissue enzyme activity occurred in the brain 

in contras.t to marked lasting changes in placenta and foetal liver. 

Similar effects have been demonstrated in monkeys when placental 

vascular insufficiency was achieved by partial placental ablation 

(UJinick, 1973). 

A study by Davies and Davis (1971) divided 120 infants with 

birth weights b~low 1.5 ki16grams into two groups, viz. those who 

were small-for-dates (SFD) and those whose .birth weights were 
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approptiate-for-dotes (AFD). A comparison of food intake and body 

temperature while in the nursery showed that under mori optimal 

post-natal environment.al conditions 1 the growth of the AFD group 
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was capable of 1catch-up 1
1 while the retardation (ptoduced in utero) 

of the SFD group was not reversible. This clearly focuses attent-

ion on the foetal environment during ths second and third trimesters 

of pregnancy. In this study the indices of growth were height~ 

weight and head circumference, but no psychological test evidence 

was provided for the assertion that "reversibility of retarded brain 

growth in infants of low birth weight depends on gestational age at 

the time of birth ·and the vigour of post-natal care," Another study 

by Naeye and co-workers (1971) of organ and cellular growth in dif­

ferent groups of infants born in New York City showed that the growtb 

of the foetus of the poor mother had been impaired. A racial classi-

fication did not account for the differences in organ sizes between 

poor and non-poor groups, except that the mean brain weight of i~-

fants b □ rn to poor Black mothers was significantly less than that 

of the infants of the Puerto Rican or Whits mothers. The cellular 

abnormalities observed were similar to th □se reported as resulting 

from placental insufficiency, and maternal undernutrition was iden­

tified as the important probable factor in the insult to ~he foetus. 

This may be related to reduction of pituitary growth hormohe 

(Nutr. Rev., 1972), The effect of gross maternal starvation such 

as occurred in Leningrad and Holland s~d Japan in the Second World 

War was a significant fall in infant birth weight, but there was no 
/ 

apparent effect 00 the length of gestation. Birth weight increased 

to pre-warc:levels tui th post-war economic improvement (Altman,, J.971). 



This evidence indicates that the fo0tus is not a 'perfect V 

par~site 1 ; foetal growth as indicated by birth weight is im-

paired by mateinal nutritional deprivDtion, and the foetus is ~ot 

entirely spared (Th6mson, 1970). Nor can it be stated with confid-
. . . 

ence that the brain is fully spared over and above other organs 

and systems when the organism is exposed to nutritional deprivation 

during pre-natal or early post-natal gro~th. 
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CHAPTER 5 

f..lNH?AL EXPERE!E2JLS IN THE STUDY OF !JRAI~ FUf~CTI ON HJ 

NUTRI TIO f1JA L DEPRIIJ.L.T IO:·! 



ANWPIL EXPERimfi'JTS :nJ THE STUQ1.J1E. BRU.N FLJ[•,JCTI □ f\J IN 

NUTRITIONAL DEPRIVATION ----------
Whilst the evidence of biochemical and structural alterna-

tions in the brains of experimental animals that have been mal­

nourished during critical developmental periods is clear-cut, 

the importance of these changes in terms of CNS function and 

the behaviour of the animal lws not been clearly established. 

In human studies very little data are available concerning the 

effects of maln~trition on physico-chemical structure, but there 

is considerable evidence which suggests that brain function, in 
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terms of performance an conventional tests of intellectual function-

ing and specific tests of perceptual motor functioning, is interfered 

with in children who experienced malnutrition during early infancy. 

Some of t~e evidence so far suggests that there is a relationship 

between the a~e at which the nutritional insult occurred and the 

deg.res of functional deficit, but a definite causal relationship 

between the malnutrition and the subsequent functional handicap has 

been difficult to establish. Apart from difficulties in inter-

species extrapolation there are major difficulties in forming 

'cause-effect relationships between deficits of brain structure 

and deficits in brain function, and between the occurrence of 

malnutrition and subsequent deficits in cognitive function. 

The majority of investigations so far have been conducted 

either by paediatricians with an interest in psychological function-

ing or by psychologists with a bias towerds behaviourism. Both 

favour a mechanistic viewpoint. This explains the attempts of 



most workers to find a dira~t cause-effect relationship in 

machanistic terms bGturn2n d0ficient nutrition und structural 

deficit en the one hand, and between. structural deficit and 

functional deficit on the other. If 11.1s accBpt Birch 1s (1964) 

definition of 'brain 1 as referred to Hcl behaviour syn-

drome and not to the fact of 1brain damage 1 as such 1t, then we 

can hypothesise that the functi~nal expressions of this type 

of brnin damage are deficits in behaviour, motivation, learriing 

ability, and intGlligence, pr~duced n □ t only by the organic, 

biochemicsJ. or somatic aspects of m:ilnutrition. (montagu, 1971). 

The parameters of this type of 1brcin damage' are difficult to 

delineate in humans; behavioural expression of cortical. and even 

sub-cortical functions in man is both qualitatively and quantita-

tively far removed from some of the animal es studied indica- • 

ting a nesd for the utmost caution in interpretaticn and extrapo-

lation. Clarke (1968) states: "It is possible that, with rapid 

64 

maturation in a hostile natural world, early l2arning may have a 

very different function in animal as opposed to human development." 

Added to this is the difficulty introduced by the well recognised 

fzct that severe growth retardation together with the syndrome of 

behaviour al, in tellecb..1a1, and. cognitive retardation wh.i..ch closely 

mimics the syndrome frequently c:.1ssodJ,ted with malnutrition, can 

result from social and emotional deprivation in the presence of an 

adequate diet (Bakl!iin,. 1949;. Powell et al., 1967). Interprntat:i.on 
/ 

of the animsJ exper:i1:mntaJ. work is further confounded by the wel.l 

known work of Rosenzweig, Krech, Bennett and D.i.amond (1968) and 

Levine (1968) demonstrating the effects of early stimulation on 

Ci'JS development. 
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Experiments aimed at Examining the influence·of early drive 

deprivations upon later beh2viour have been conducted by psychologists 

using several animal species over 8 long period of time. Investiga­

tions of this type reviewed by Bronfenbrenner in 1966 have shown in 

general that the deprived animals have an increased drive for food 

or water, which is particularly noticeable if the animals mr~ not 

satiated at the time of testing (Barnes, 1967). The tendency to-

wards an increased drive for food or water lessened or even dis­

appeared completely on resumption Jf an ad libitum diet if the food 

deprivation had been ini t:i.atEid twelve days or more after weaning. 

Several investigatibns led to the concl~sion that the drive depri­

vation, rather than altered learning capacity, enhanced the animals 

general activity level and its .ability to solve drive-relevant pro­

blems. Another type of drive deprivation involves an increase in 

the size of litters being nursed by a lactating female rat so that 

the suckling pups are relatively depriv~d of milk. Adult animals 

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

successful in competition for food, and hoarded significantly more 

food than .control ani~als. D'Amato reared rats in litter sizes of 

4, B, and 16 per nursing female and using :rewards o.f drinking wate:r 

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

discrimination or discrimination-reversal learning when tested 

soon.after weaning or in. early adulthood. L't et al found that rats 

raised in litters of .three were physically more active, moved about 

and groomed themselves more freiuently, than rats reared in litters 

of 15 - 20. 

Attention was given to the specific nutritional effects of 



lysine deficient diet to a group of r5ts from ~5 days of age, and 

artificially underfed anothsr group with a diet adequate in pro­

tein. Both the protein restricted and the underfed rats made more 

errors in a maze than the controls. After ref~eding with a good 
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diet, the differences in maze performance disappe~red. Bsvan and 

Freeman (1952) fed a diet low in lysine from 30 days of age and found 

no difference in maze performance with a group of rats whose food 

intake had teen restricted ao as to provide a body weight equal to 

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

indicoted that when the regular diet and the reward diet were the 

same, there were no demonstrable differences in maze performance 

between rats fed l~w protein and normal protein diet. 1n 1954 

Griffiths and Senter reported that rats receiving a protein-free 

diet l!Jere suporiot in maze performance to rats being fed 2; protein•~ 

rich diet when the protein-rich diet was used for reinforceLlent. 

If the protein-free diet was used as a reward, the deficient rate 

showed inferior performance. 

An early study by Cowley and Griesel (1959) has provided one 

of the clearest demonstrations oj impairment of learning behaviour 

in rats foll□ l!Jing on nutritional restriction. These investigators 

fed groups of male and female rats on diets of nutural food ingred­

ients which differed in percentage of total protein; the high 

protein diet contained 2 □ .1% protein, the low protein diet contained 

12.9% protein. The rats were tested in Hebb-Williams dry maze which 

employed a food reinforcement. No significant differenco in th~ 

maze performan6e was found between the. original oroups of rats, but 



after breeding, the first filial generation showed a highly sig­
"' 

nificant lowering of scores in the male rats receiving the low 
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protein diet. No significant differences were found in the females. 

Because the two diets wen~ fed throughout tile life span of the ani-

mals, it is possible that the effects on behavioural performance 

were due in part to maternal deprivation, although this was mini-

mised by ad libitum feeding thrcughout the preservation of litter 

configuration. It is also possible that the differ~nces in maze 

performance were due to differences in drive~ the rats receiving 

the higher protein diet not cnly showed better maze performance 

scores, but their lapsed time to reach the goal was much shorter 

and .there were fewer signs of emotionality, which suggests that 

an increased drive in these animals may have led to their superior 

performance. 

In order to avoid the confusion of the use of a food reinforee-

ment in animals that have an altered drive ·for food as a consequence 

of early nutritional deprivstion, some investigators have made use 

of the water maze for measuring le~rning behaviour. In 1936 

Berhardt fed diets containing casien in proportions varying from 

0 - 17}~ to groups of rats. When testeci in a water maze, the rats 

receiving the 01; casien diet mace more errors than those receiving 

the 17%, but the differences were not significant. Pilgrim et al, 

(1951) compared rats fed on low and high protein ·diets from the 3!,th 

to the 50th day of life. No significant difference in performante 

was found on water maze trials at 74 days of age. 

A further approach to the investigation of the effect of early 

malnuttition on later behavio~r has been tho attempts to stimulate 
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human pheny lke tonur.ia by feeding excess.i\1e phenyh,lanine to young 

animals. A re1J5.ew by Karrer and Ca hilly in 1965 1nc1c0tes that 

attempts to develop a permanent behavioural abnormaJ.i ty by feeding 

phenylalanine to rats for short pericds of time after weaning have 

been unsuccessful; the results have been variable when the phenyla­

lanine was fed during.early post-natal lifet but a positive Tesult 

was obtained when excessive phenylalanine was fed to female rats 

both before and after parturition. This result was in agreement 

with the hypotheses of increased vulnerability during critical 

periods of development reviewed in Chapter 3. However, the behaviour­

al changes resulting from a dietary excess of phenylalanine in rats 

could be attributed to specific toxic effects of phenylalanine 

metabolites rather than reflecting an influence of PCM. 

The relationship of specific vitamin and mineral dietary defi­

ciencies to CNS performance ha~ also been investigated (Coursin, 

1967). Particular attention ~as been given to the 86 grcup of 

vitamins because of the.i :r vital enzymatic function in amino-acid 

metabolism. Experimental vitamin 86 deficiency results in gross 

behavioural abnormalities including hyper-irritability with a 

lowered threshold of stimulation, and convulsive seizures. Be­

havioural changes are reversible provided sufficiently large doses 

of the vitamin are administered bafore the onset of irrev~rsible 

secondary alterations in cerebral fuhction occur. The preferential 

protection of the brain at the expense of other tissues was illus­

trated in 1963 by UJeber and li/iss who demonstrated that experimental 

vitamin B6 deficiency in rats may produce a reduction of the vitamin 

content in liver to 9% of normal values, while the level in brain 



In spite of this evidence of 1broin spa I it 

is important to note that the control ~nd low-protein diets ussd 

by Cowlsy ~nd Griesel (1959) differed alsc in concentrstions 

of vitamins and minerals, type 2nd amounts of fat, carbohy,fr8te, arid 

bulk, and differed in protein quality. Specific amino-acid defi-

ciencies can cause structural and functional lesions of the CNS. 

Scott in 1964 reported that a synthetic valine-deficient diet fed to 

young male rats for 22 days, ond to older male rats for 70 days 

producod inco-ordination and circling beh~~iour as f~nctional 

manifestations of CNS alterations demonstrated histologically as 

rnyelin deg@nerat;i.on, and ne:.Jronol deterior&ti en of the deep nuclei. 

Functional signs of CNS which was verified by histology 

have been observed by Platt, StsUJart, and co-i11orl<ers in 1-ats, pigs 

and dogs, weaned fro~ well-nourished mothers end then allowed 

ad libitum feeding of low-prbtein diets (St~wart, ¢Iott, 1968). 

In pigs, this regime retarded physical development ,.J • anu progress1vs-

ly reduced the a te until a marasmic condition dove This 

could then be converted by assiduous f~ading of cerbohytrate or 

fat to one resembling kwashiorkor with oedema. After only four 

days of restricted diet, the rats developed spasmodic trembling of 

head and fore-paws. The be~an to walk on tip-toe with a 

1hobble-skirt I gait with evidence of inco-ordination of .the hind 
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legs. The dogs became hyper-irritable; EEC changes were demon­

strated~ and periods of loss of consciousness and convulsive seizures 

were reported. The clinical condition of these animals irnpr0ved 

after a short period of rehabilitation. 
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Sirni10r obsGrvations c.::,:-e repo;.-t,:::d by Barnes \1967) •. Ci~S 

function was evaluated using classical Pevlovian conditioned-

response develcpmGnt followed by extinction of the response in 

pigs. No difference in the speed of dsvelopmont of the conditinned 

response in m□lnourishad nnd control was noted, but whon at-

tempts were made ta extinguish a well established conditioned-response, 

it was found that the control Hnimsls extinguished qui rapidly, 

whereas the previously malnour1.shed anim2ls had a great prolonged 

period of trials before the c.;ondi tioned-rr:)sponse disappearerj, 1:;nd 

some anima did not distingui~h at all. (The conditioned-stimulus 

was a change of light _intensity and an electric shock provided the 

unconditioned stimulus). In order to refine the test procedure and 

obtain a more quantitative estimate of conditioning and extinction, 

a modified Skinner bcx was used to establish a c:egree of condition­

ing quantitatively. The results clecJrly confirmed the ear.lier 

investigation; the early-restricted and control pigs developed the 

conditioned response at the same rate, but the control pigs extin­

guished the conditioned response much more rapidly than the experi­

mental animals. Interp:tetation of this behaviournl change is not 

clear~ but the author notos a more pronounced subjective response to 

tho shock in the expe:ri:nentDl animals which could not be accounted 

for by differences in pain threshold, cltbough difference in elec­

trical resistance of the body to the .i.rnposed vol tege did occur 

between the experimental snd ths conti~l animals. The elevated 

emotionality of these animals could bm expected to have had an 

effect on the qu~ntitative aspects of the conditioning; it is 

tempting to suggest that the resist2nce to extinction in these 
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animals is akin to the 1experirnental neuroses 1 pjoduced in animals 

by Masserman and others in the 1940 1s. Reference to Oobbing 1s 

(1972) demonstration that the timing of the pig brain growth-spurt 

paralleled that in humans more closely tha~ any other animal species 

highlights the significance of this work. 

Barnes and Frankovn (1967) have reportad on an investigation 

using rats that has provided evidence that nutritional deprivation 

• 
in early life may result in long lasting and possible permanent 

learning-behaviour abnormalities. An experimental design for the 

production of nutritional growth retardation which provided four 

experimental groups was carried out as follows: litter size was 

adjusted to 8 and 16 neonates per lactating female respectively. 

Im~ediately following weaning both groups were split and given 

diets containing 3.5% and 221{ casien respectively for a period of 

8 weeks, after which the nutritionally deprived groups ware rehabi­

litated completely. Control groups were suckled normally and fed 

a normal diet after weaning. Males and females were studied sepa­

rately but exposed to identical treatment. Growth curves of the 

rats showed that some permanent retardation resulted from the early 

nutritional rivetion. Visual discriminative learning-behaviour 

was assessed using a Y~shaped water maze. A significant difference 

in error scores was found in the male rats representing the two ex­

tremes of treatment, i.e. controls versus those deprived both pre­

and post-weaning; the pre-weaning restricted rats also made more 

errors than the controls. No significant difference was found 

between the groups in female animsls supporting the findings of 

Cowley and Grissel. Increased expression of emotionality was 
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observed in the rats nutritional d;z;prived prio·r to weaning only; 

the two groups that had been fed the protein-deficit diet post-

meaning were, in contrast,. calm when exposed to miw test procedures. 

The same pattern of imotionality was observed in male and female 

animals, although the females appeared to be less affected. Since 

there was a motivational difference between the two groups, the 

authbrs conclude that early nutritional depriv~tions in thesa 

animals have resulted in a decreased learning capacity as well as 

changes in other behavioural characteristics. Ths clear-cut sex 

di~ferentiation in effect is interesting and awaits interpretation. 

more recently these authors have extended their investigations 

using .a similar design combining and separating the variables of 

pre-natal and post-natal nutritional deprivation, followed by com-

plete rehabilitation (Barnes and Frankova, 1969). Evidence of ex-

aggerated anxisty on the basis of ~rive deprivation was aga~n found 

to occur to a significantly greater degree in male rats that were 

nutritionally deprived both pre- and post-weaning compared with 

females subjectmd to the same dietary reg All rats suckled by 

protein deficient mothers showed increased exploratory behaviour; 

after weaning the explorotory activity in the deprived males was 

intensified over .that of the controls while protein or calorie 

restrictions were still being imposed. The intensification ~as 
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even greater in females, and highar in the calorie-restricted than 

in the protein-deprived rat. After rehabilitation, exploratory 

activity of all previously malnourished groups tended to decrease, 

the tendency towards reduced exploratory activity being greater in 

the males. At the age of 95 days, rehabilitated rats represent\ng 

all four nutritionally deprived groups were not significantly 

different from the controls in learning of avoidance responses in 

an aversive conditioning situation. However the m~lnourished rats 

exhibited increased excitability, and inability to delay or sx-

tinguish the conditioned-responie, 

The more recent results of Cowley and Griesel (1963) using 

their trans-generational design to establish malnutrition and re-

tardation of physical development in rats, are similar. The off-

spring of previously malnourished female rats were less active 

after weaning than control animals being the offspring of rats fed 

stock diet. Even after a long period of post-weaning rehabilitation 

on stock diet, the offspting of previously malnourished females 

showed significantly higher error scores on the Hebb-Williams maze 

than did the controls, multigenerational effects of inadequate 

nutrition were reported, and the data indic.::,terl that the nutrition-

al envircnment which the mother had experienced in utero and during 

the first five post-m:tal weeks of her life, influenced the rate::: 

• 
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of early physical develc;pment of rl8r: of'fspJ:ing .• Tha study demon-

strated that correction of growth retardation proved an unreliable 

indic&tor of behavioural rehabilitation. 

As in thG human studies investigating the rel£1tionship between 

functiom.d defic5- t and previous nut:ri tiona l deprivati.on, so also 

in animal studies does the deprivation of food produce behavioural 

alterations which are not related to the nutritional deficiency~ 

· se. Thus alterations in drive and ~otivational factors complicate 

the interpretation of the functional differences between well 

nourished and ~reviously malnourisherj animals. Whilst the evidence 

so far is inconclusive~ it does suggest that the behavioural altera-

tions in previously malnourished animals are at least in part due 

to deficiency of fie elements in ~he diet. Protein appears 

to be significant, and the evidence of 1coarse 1 CNS dysfundtion 

in the form of seizures and loss of consciousness is striking in 

; 

spite of the difficulties in the demonstration and evaluation of 

impairment of higher CNS function. Complementary evidence is pro-

vided by flewner et al. (1962) who demonstrated inhibition of 

learning, loss of memory, and disorientation in mice when protein 

synthesis in the brain was inhibited by purcmycin. 

In discussing the disappointing results achieved by experiment-

al animal studies investigating the effects of nut.I-itional deprivation 



in early life upon adult le~rning behaviour Barnes (1967) comments 

that: "It woOld appe6r that a major difficulty has been a lack of 

nutritional knowledge on the part of the experimental psychologists 

who have conducted most of the studies in this area and a lack of 
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knowledge of experimental psychology on the part of the nut:d t.ionists 

who have been responsible for some of these studies. This is certain-

ly one area of research in which we ne:1ed inter-disciplinary team work, 

and hopefully in the future there. wilJ. be more contributions reflect-

ing the joint effort of both psychologist and nutritionist." 

Two main questions ari~ing out of these studies require cla:r.ifi-

cation: What is the significance, in terms of function, of the 

structural CNS deficits demonstrated in animals; what meaning does 

the decreased exploratory behaviour, reduced maze learning ability, 

and defecti vs extinction of conditioned responses have in forms of 

the overall learning capabilities of the animal involved and what 

relevance do these have forhuman intellectual functioning? No one 

can afford to ignore the important body of evidence emanating from 

animal experiments .with their superior techniques of control, and 

the possibilities that they offer for the isolation of single 

variables (Dabbing, 1972a). However, interpretation must consider 

the fact that many experiments impose a severity oF insult which 

would hardly allow survival if analogously applied to human in-

fants (Clarke, 1968). 
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fl!.AP1ER 6 

THE EFFECTS OF FEEDHJG, REFEEDING..:: Ai'JD DVER-l1JUTRITI ON 

The direct causes of irreversible ~Jrowth retardation due. to 

malnutrition are not clear. The presence of regulatory systems 

which are involved in cont rolling the rate of cell division and 

growth in various tissues make the simple explanation of inade-

quate supply of structural materials seem unlikely. For ex21mple, 

in contrast to earlier theories that protein synthesis cannot take 

place at the synapse, Gordon and Deanin (1968) have 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 endings are 

present. Potentially a mechanism is provided whereby neuronal 

structures are protected against at least short term variation in 

the su;:1ply of essential amino-acids to the whole organism. 
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Winick and Noble {1966) found that raising rats in large litters 

from birth to weaning resulted in a proportional decrease in the 

weight, protein, RNA and DNA content of all organs, including the 

brain, indicating a reduced cell number without alteration in ceJ.l 

size. These animals failed to r~cover normal growth when re-fed 

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

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

two organs, the protein and DNA ratios were reduced but not total 

DNA, indicating that the cells were smaller in size but their total 

number was unaffected. Re-feeding fai1ed to restore the number of 

cell~ in those.organs in which cell number was reduced, wherraas 

the lungs and brain regained norma 1 size. Dietary restrictions 

from 65 - 86 days of age led to a reduction in protei~ and RNA 

concentration without affecting D!~A in all organs. These studies 

indicate that nutritional deprivation differentially affects cell 

size and cell number depending on the developmental phase of the 

organ at the time of the insult. The brain app~ared irreversibly 

damaged only by nutritional deprivation prior to weaning in rats; 

when cell size only was affected, recovery took place on re-feeding, 

whereas a reduction of cell number w~s not improved during rehabili-

tation. 

Evidence for the effects of re-feeding on functional changes 

in animals following nutritional deprivation are complimentary. 

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

weaning dietary restriction br Stewart and Platt (1968) were re-

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

learning behaviour using food reinfcr£~ment are ~ifficult to 



interpret bec8use long-term effects ~Jf enrly nutritionai 

deprivation on feeding behaviour on~ food motivatioh have been 

demonstrated to persist beyond rehabilitation. The use of learn­

ing situations based on aversi~e reinforcement which do not in­

volve food, do not remove the difficulties in interpretation 

since early malnutri ti or: modifies sensi Hvi ty to such nE.l'.JC: tive 

stimuli (Levitsky and Barnes, 1970). 

Guthrie and Brown (19GB) showed that depressed cholestrol 

levels in malnourished rats were irreversible if undernutrition 

was extended uritil 5 weeks of age, but were restor~d to ~ormal 

if rehabilitation occurred im~ediately after weaning. This 

suggeats another vulnerable □ d occurring after meaning et 

about 3 ueeks of Bge thst r~l3tes t □ myelinotion of the brain, 

aft2r which the brain b2comas resistant to deprivation. 

Dickerson nnci UJ:::.lr:isley (1967) reported that rE\ts undernourished 

from weaning until 11 weeks of age could be rshabilitstad totally 

if re-fed for 2 - 8 weeks, after which no reduction in DNA-P 

concentration of the brain was found, Evidence of compensatory 

mechanisms was provided by Dabbing and Widdowson in 1965 

(quoted by Altman) ~ho demonstrated that undernourished 11 

week old rats acquired three times the amount of ch□lEstrol 

found in well-nourished control animals over an 8 week rehabili-

tation riod. 
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Studies by Chow and Lee (1972) help in explaining the cornpl8X 

systems controlling the rate of ceJ.l division. These iilorl<ers ob-

servecl that the 1.permanBnt I growth retardation in the offspring 

of rats subjocted to dietary restriction during gestation and lac-

tation could not be corrected by subsequent :refeeding, but was :re-

stor~d to normal if the animals were given injections of pituitary 

extract or growth hormones. Small pituitary glands with a lov, 

concentration of growth hormc~e were reported in the malnourished 

animals. The hypothesis that pre-natal malnutrition could cause 

irreversible undersecretion of growth hormone and thereby growth 

failure of offspring has been fu~ther tested using radioimmunoassay 

and bioassay te(;lhniques • The weight of the pituitary in mal•-

nourished rats was 60% of the controls and the growth hormone con-

t~nt per pituitary was about one third that of the control groupQ 

Plasma growth hormone levels were also found to be lower iA the 

underfed group. The authors suggest that a deficit bf cellular 

growth may· be a primary effect of undernut ri tion of the adreno­

hypophysis, or that pituitary growth hormone .content may.be re-

duced due to abnormal development of the hypothalamus and under-

secretion of growth hormone releasing factor. By means of similar 

mechanisms malnutrition may serve to alter .the ptoduction and ~e-

crl3tion of other hormones, and since relc1tionships between hormone 
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secretions and abnormal beheviour are well established, these 

studies may contribute to an understandi.ng of the functional and 

behavioural abnormalities following malnutrition in animals. 

Consideration of the role of growth hormone and the effects 

• of depressed secretion ·on growth and development may also provide 

a link between, and elucidate the similarity betuieen the syndrome 

of retardation related to malnutrition and the almost identical 

syndrome associated with emotional deprivation and environmental 

under-stimulation. Rosenzweig et al. (1968) and Bennet et al. 

(1969) have shown that rats ·exposed to rlifferent environments show 

80 

characteristic changes in brain weight, enzymatic activity and depth 

of cerebral cortex. Impoverished animals were caged singly, colony 

animals were housed 2 or 3 per cage, and enriched animals 10 or 12 

per large cage with toys. Dry weight, depth of cerebtGl cortexr 

enzymatic activity, and problem solving behaviour were increased by 

exposure to the enriched environment as ·compared with standard colony 

and impoverished conditions.(Henderson (1970) found that an ~nriched 

environment resulted in increased brain weight in mice. Thompson 

and Heron in 195~ showed that pet-reared dogs behaved more i~telligent-

ly in a variety of situations than their litter mates who had been 

caged for the first 8 months of life. Cooper and Zubek (1%8) have 

shown using rats that different environments in different genetic 



Hrn~s may serve to ei tht.:ir d~welop or: depress probh,:11 solving 

capacities. Two lines of animals whose maze solving ability had 

been developed progressively by selective breading were studied. 

When rats from the 1bright 1 and 1dull 1 lines were raised fore 

whole generation in a re~tricted envlronmant which differed from 

the norm&l laboratory environment, no differences betwGen the 

genetic strai~s could be detected, and both performed almost 

equally well when both were raised in the same stimulating 

environment. Ulhen both groups were raised in a normal environment 

the difference in error score was significant. 

Th~ work of Spitz, Goldfarb, Bowlby and Dennis concerning. 

the long term effects of early deprivati~n on cognitive develop­

ment has been examined critically by Glarke (1968) who stresses 

the resilience of children moved from an impovErished into an 

enriched environment. In· 1957 Powell, Brasel and Blizzard des-

cribed the synd~ome of psGudo-hypopituitarism occurring in child-

ren from an emotionally disturbed background in the presence of 

an adequate diet confirmed .by norrna 1 serum proteins. Growth and 

intellectual functions improved during rehabilitation in hospital, 

but lapsed on return to the home environment. Engel et al. (1956) 

described growth failure in hospital in infants fed by gastrostomy, 

contrasted by significant weight gain in an adequate home environment. 



An important ongoing study on the effects of stimulation during 

rehabilitation of malnourished children (Yaktin et al., 1970, 

1971) shows that the benefits of increased stimulation fade 

after return to the home environment (see chaptei 2). It seems 

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

perience are r~versed at least in part by irn~rovement in environ­

mental conditions but lasting gain is dependent on subsequent 

reinforcement, 

Whilst there has been a preoccupation with the effects of 

reduced nutrition, some studies of the effects of early over­

nutrition have been carried out. Extensive studies by Widdowson 

82 

and McCance, and Dabbing have demonstrated that increased con­

sumption of maternal milk during the first days of life would 

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

1971). Animals raised in small litters weighed twice to three times 

normal at weaning end maintained their superiority throughout life. 

Winick and Noble described in 1966 an increased number of brain 

cells in rats reared in small litters compared with those reared 

in normal sized litters. Let, UJiddowson and rncCance (1961) round 

an increased level of exploratory activity in new environment in 

fast growing rats compared with slow growing rats between the 21st 

and 49th day of a_ge. 

fllore recently in 1970 Fra.nk'civa inv0stigated the behavioural 

activities of rats ~erived from litters of 4, B, and 17 animals. 

Animals from litters of 8 were regBrc.led as controls for thos.e from 

small litters (over-nourished) and'those from large (under-nourished). 

One-half of the animals from each group were f~d a low protein, 
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high fat diet from weaning to 56 days of age, th~reby imposing a 

period of protein restriction. These animals were then fed the same 

basal diet as the rest. Spontaneous exploratory activity, habitua-

tion .of the exploratory activity, and ability to develop conditions~ 

responses were examined at various times over a period of one year. 

No psrmanent behavioural superiority was demonstrated in over­

nourished rats. Increased explorato:;:y activity in the over-.fed 

animals w~s recorded duting the early phases of growth coinciding 

with development of CNS and motor structures, but this was reduced 

after the 19t~ day of life. The adult behaviour of the over-nourished 

animals was in many respects similc:1r to th2t of tha undernourished 

animals and usually inferior to the controls. In another paper 
,, 

Frank.ova (quoted by lliinick, 1970) report8d that rats super-nourished 

for the first 21 days of life ~howsd subsequent learning deficits. 

Thus both undernutri ti on and over-nutrition in pre-weaning rats will 

result in persistent functional alterations of the brain, and over­

nutrition prior to weaning did not protect against the consequence 

of protein deprivation after meaning .. The r~sponse to certGin 

pharmacological and psychological stresses was similar in the over­

nourished and under-nourished animals. 

The results of these studies raise· important questions. The 

structural and biochemical changes in the brain following nee-natal 

nutritional deprivation are quite different from those following 

over-feeding. In terms of cell number, they are opposite. In 

contrast, the behavioural changes are quite similar. It may then 

be possible thet the bioc.hemical changes in the brain that have 

been reported to follow on malnutrition imposed in pre-natal and 



early post-natal life have little functional significance 

(Nutr. Rev., 1971). On the other hbnd the environmental changes 

brought about by manipulating litter size may have a significant 

effect on the structure a~d function of the brain and CNS which 

is being reflected in these investigations. 

84 



CHAPTE:R 7 

OVERVlEllJ 

I. 



I 
I 

l 

CHAPTER 7 

OVERVIEW 

An attempt to gain perspective in the study of malnutrition 

and intellectual development must focus attention on two inter­

related but distinctive aspects of the problem: 

Firstly, what are the methodological problems, and what limits do . 

• they place on the reliability and validity on recent research 

findings; how can the difficulties be expected to effect results 

. of future studies and how can thes~ difficulties be overcome? 

Secondly, what conclusions can be drawn from the mass of diverse 

research approaches to the problem, and what further research 

directions are suggested which are likely to produce meaningful 

and useful information? 

rnETHDDOLOGICAL PROBLEi"7S 

Studies attempting to relate malnutrition during early life to./ 

later intellectua 1 development have been both retrospective and pro-

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

children who have been malnourished at an earlier age, end compare 

them with children who were not malnourished. Such st~dies have 

the~advantage of being able to collect relatively large numbsrs of 

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

of poor defi._ni tion of the nutritional state during the critical 

period being examined. Frequently the nutritional status data 

are only available from historical information on hospital charts 

and will vary in reliability. Control populations must also be 

selected on the basis of nutritional history but must match the 
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experimental group in all other respects. The difficulties 

attending the selection of such control groups are obvious in all 

studies so far undertaken; so far no study has successful.ly achieved ✓ 

complete control over all the non-nutritive variables which have an 

effect on the development of intellectual functions. Attempts to 

overcome the difficulty of control by the use of siblings suffer 

from the danger of control.ling out the independant variable. In 

such studies it is probable that the control sibiings suffer from 

a similar degree of chronic sub-optimal nutrition (ttdietary sub-

nut:r.i ti on" defined by Brock in 1961 as any impairment of functional 

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

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

episode of nutritional disease. UJhy some children in a chronically 

sub-nourished population experience an acute episode of nutritional 

illness, and why others who appear equally malnourished when com­

pared in tsrms of deficit in expected height and weight do not 

succumb, is an interesting question introducing a further set of 

variables which are difficult to account for. 

In contrast to retrospective studies, prospective studies usually ✓ 

have fewer children available for study, but the nutritional status 

is evaluated by the investigator himself in both the malnourished and 

contro.l groups. The advantage of this type of approach is that better 

nutritional infor~ation is available and the selection of controls 

is made at the time that the study population is defined. Both 

groups can then be followed concomitantly. The problem with this 

type of study is the economic one - a longer period of time is re-

~Uirecl to study a smaller number of children. 



The serious methodological problems to be faoed in clinic2:1l 

studies of intellectual and motor devslopment in childrnn treated 

for malnutrition have been referred to in Chapter 2. The many 

variables that have to be considered an.d, if possible controlled, 

include: 

1. The conditions and duration and hospitalisation to which the ✓ 

child was exposed. Geber and Dean (Courrier, 1956) stressed· 

the importance ·of the mother/child interaction during hospital­

isation as a crucial factor in the rate and degree of physical 
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and mental recovery shown by children suffering fr.om kwashiorkor. 

Whilst this problem applies more specifically to those studies 

conducted during the i!Tlmediate recovery peri ad, possible long­

term effects of hospitalisation may provide variables in long­

term follow-up studies which are difficult to control. 

2, The age of the child at onset of malnutrition has varied con- ✓ 

siderably in the popJl~tions studied, and in terms of hypo-

theses of critical periods of vulnerability i~ brain and be­

havioural development may represent a crucial condition of the 

effect of the independent variable. In retrospective studies 

it is sometimes impossible to establish the exact age of on-

set. Whilst age on admission td hospital is used to indicate 

the ag~ of onset of an acute episode of Pcm, it provides actually 

an approximation of the duration ~f chronic untreated malnutri­

tion. Cravioto and Robles (1965) found that there was a greater 

persistence of low performance scores on adaptive behaviour on 

Gesell Scales in those infants who were under 6 months of age 

at the time of treatment compared with those who were over 



6 months of age and this was. confirmed by Yaktih (1971). Con­

versely Chase and martin (1970) found that children admitted to 

hospital with severe undernutrition after the age of 4 months 

were more severely impaired than those admitted within the first 

4 months of life, who did not differ significantly from their 

controls. Similarly Evans (1969) found o significantly lower 

mean intelligence score in both ex-kweshiorkor subjects and the 

siblings of the group admitted to hospital aged 16 - 48 months 

when compared with the group admitted between the ages of 10 - 15 

months. These findings suggest that both the age at which the ma­

jor nutritional insult occurred as well as the duration of mal­

nutrition are significant independent factors. 

3. The social, economic, and family ecology from which the child 

comes are perhaps the most difficult factors to control, and 

their effects on the development of intellectual functions, 

cognitive and motor skills have been abundantly demonstrated 
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in psychological, socio-demographic and anthropological studies. 

M~nckeberg 1s {1972) study illustrates this difficulty; even 

c~ildren with acceptable nutritive conditio~s (as evidenced 

by optimal growth) in the low sbcio-economic group showed 

lower IQ values than preschool children belonging to groups 

drawn from a better socio-economic level. The use of intra-

familial controls does not overcome this problem entirely be­

cause of tempor~l variations in the economic stability and in~ 

ternal psycho-dynamics of the family. ~dditonal variations may 

be introduced by geographic mobility. 



4. The intellectu.sl and ec:ucational lev81 of the,pa:rents is/ 

supposedly controlled by selection of comparable groups in 

some studies. At best this methad cannot hope for more than 

minimcl control, and intra-familial control provides the only 

answer to this difficulty with a known expectation for between-

sibling IQ ccrrelations. 
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5. The type of malnutrition present in the· subjects studied has / 

varied across the entire range of the Pcm spectrum. Different 

effscts rr.ay result from a diet deficient mainly in protein as 

oppo::.ed to one deficient mainly in calories. Variations in 

other specific mineral and vitamin dietary elements are also 

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

infection or other supervening factors in precipj_ ta ting the 

acute episode of !'lldnutri tion may also be relevant but uncon­

trolled, Liang 1s (1967) study is the only one which singled 
' 

out a s'pecific vitamin deficiency in a deli tion to Pcm. The i/ 

type of malnutrition prevalent is likely to be rel3ted to 

availability of various food types and will therefore vary from 

one geographical region to tho next. Furthermore the degree ✓ 

of urbanisation and industrialise.tion will also influence atti­

tudes to breast feeding .and the degree of change in traditional 

child feeding and rearing practices. Thus in less developed J 

areas where broast feeding remains rel:Jtively prolonged the on­

set of malnutrition is likely to be relatively l~te and the type 

more typical -:if kwsshiorkor, whereas the urban slum is likely to 

impose weaning and poor nutrition from an earlier age resulting 

in an earlier and more marasmic type of illness. Severity of 
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illness has not been controlled, and in some histological studies 

the children had died of malnutrition (Winick and Rosso r 1969) • 
• " 

A further uncontrolled variable is the degree of maternal malnutri tion.v 

Few studies have taken birth weight into account, but the significance 

cif maternal malnutrition has been suggested by Witkop (1967), Birch 

(1972) and Winick (1973). <~- C\o 

STP.TUS OF Cl)RREr.JT KNOi!JLEDg 

An evaluation bf the current knowledg~ in the field of malnutri­

tion and intellectual development can be addressed to two main 

'questions, viz. 1) what consequences do~s protein-calorie malnutri­

tion in early infancy have for subsequent intellectual functioning 

of the individual and 2) can the mechanisms or processes be iden­

tified whereby the effects of early protein-calorie malnutrition and 

later intellectual functional deficit are mediated. 

The studies reviewed in Chapter 2 leave little doubt of a 

relalionship between PCM in infancy and later deficit in performance 

on tests of psycho-motor and intellectual functions. The causal 

relationship between the antecedent rnalnutri tion p,er se and the 

functional deficit has been inferred but never conclusively demonstra­

ted in human studies because of the difficulty in isolating malnu­

trition as an independent variable. The extent to which malnutrition 

on its own is an effective fadtor in interfering with the development 

of intellectual functions remains an open. question. Attempts to re­

SCll/e this question using animal studies have achieved morn success 

in isola'::ing malnutrition as an independent ve1riable but ·do not 

offer a total immunity to the methodological difficulties of con­

trolling other significant independent variables. 



Drive deprivation alone influences the animals' behaviour, and 

functional and structural changes that have been shown to result 

from increased handling and ta~tual stimulation may confourid the 

issue when litter size i~ modified.· However these studies indi-

cate that there are critical p~riods in the development of the 

CNS and brain as a cellular and biochemical system during which 

its mo:rphological and biochemical structure is vulnerable to the 

effects of malnutrition. Conversely, opposite morphological and 

biochemical effects can be produced by inverting the independent 

variables viz. by overfeeding ot supernutrition. The problem 

arises from the. fact that these ·two Opposi t.e extremes of treat-
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ment in animals produce similar functional, behavioural deficits. 

Thus inference only relates cell size and cell number to function­

al disability in maze performance or conditioned response formation; 

the consequences, in terms of behavioural function, of the mor­

phological, biochemical and enzymatic alterat_ions in the brain pro­

duced by malnutrition during critical developm·ental periods have 

not been fully established. 

Some parallels exist between· the behaviour· of previously, mal­

nourished animals and ptevio~sly maln6urished children. Barnes 

(1967) demonstrated repeatedly that previously malnqurish animals 

showed no difference in rate of developing a conditioned reflex) 

but the rate of sxtinction of the conditioned reflex was signifi- • 

c~ntly prolonged. In humans, Klein et al. (1972) using heart rate. 

as the dependent variable, demonstrated a ~ignificantly different 

pattern and slowerrate of habituation to pure tone stimuli bet1Ueen 

normal infants and those rehabilitated af\er severe nutritional 
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marasmus, Similar differences in h2bituation h~ve been noted 

between normal children and those suspected of brain damage, 

but differences in orienting reflex and habituation have also been 

noted by Levine and mullins (1968) to occur between manipulated and 

non-manipulated animals, and between maternally deprived monkeys a~d . . 

normally rear~d controls .. These differences have been related to 

adrenal steriod secretion. 

In overview it is apparent that severe deprivation of either 

or both nutritional and non-nutritional stimuli is capable of 

producing a degree of· 'damage' to the brain in humans and animals~ 

No strucitural lesion, focal or diffuse can be identified; the 

1damage 1 is a damage to growth a~d function (Dabbing 197□, 1972, 

1972a). A specific biochemical impairment may yet be found, 

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

Difficulties in relating d~monstrated morphological and bio-

chemical ch~nges to observed functional deficits in malnourished 

animals has stimulated a search for mediating mechanisms or pro-

cesses operating between the tmo. The search is still in its 

infancy and as yet no direct functional significance can be at­

tached to such variables as brain cell size, cell number, degree 

of brain myelination, as assessed by DNA, RNA, and cholestrol 

indices for these parameters. 

An interesting line of research is reported by Witkop (1967) 

based on the observation that response of children with kwashior­

kor to phenylalanine and histidine loads are somewhat like the 

response in children with phenylketonuria and hi~tidinemia respec-

tively. Evidence for actual plac~ntal transport of these amino 



acids suggests that children of malnourished mot~ers may be under 

considerable risk in intra-uterine exposure to hi levels of 

histidine and phenylalanine~ Children with histidinemia present 

with a particular type of speech di~order based on inability to. 

pronounce certain words, and associated with an auditory !scramble 1 

manifested as an 'inability to repeat words in sequence added one 

at a time, together with a short auditory memory span. A possi-

ble mechanism for a large componsnt of mental retardation in 

children following PCM is the result of nutritionally induced 

enzymatic deficiencies in histidine and phenylalanine. 

Studies such as described by Witkop are rare, but indicate 

the availability of research approaches which are promising be­

cause they suggest testable hypotheses. For example, Witkop 

suggests that the type of mental retardation expected would have 

clinical feature~ of histidonemia and phenylketonuria, and that 

children bbrn to protein malnourished mothers would have an in-

llsctual defect quantitatively and qualitatively different from 

the child who had only post-weaning PCM. Several studies have in­

dicated that verbal and language functions are consistently more 

seriously implicated and failed to respond to rehabilitation to the 

same extent that rnotoric and non-verbal functions do (Waterlow, 

Cravioto and Stephen, 1960; Cravioto, 1970; Yaktin, 1970, 1971). 

This observation has been assumed over the past to reflect the ef­

fects of m3ternal deprivation and of class differences in verbal 

interaction between mother and child, but it may be related rather 

to a deficit of auditory memory. Some support for this comes from 

the observation bf Canosa (1971) that short-term memory and the 
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availability of short-torm stimuli discriminutsd -betwoen well-

and previously rn2J.nourishec children on psychological testing. 

Future studies should therefore be directed towards identifying 

more pr.ocisely the nature of the fur:ict.ional dGfici t occurring 

as a consequence of Pcm in both animals and children. 
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Phfff II: THE µHESU,JT ~ 

CHAPTER 8 

BACKGROU}~\J.J_ R;.TI OMA LE ANJ HYPQTHE.§.§ 

This study is the logical extension of an investigation 

reported under the title 11 Kwashiorkor and Intelle~tual Develop­

ment" in 1969. l!Jhon, in 1968, th3t investigation was undertaken, 

few studies of its kind had been reported in the world literature, 

and the study was unique in that it was the first reported use of 

intra-familial subjects and controls (sibling~) in an attempt to 

control the many non-nutritive variables which act independently 
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in the development of inte.llectua 1 functioning. The results of the/ 

study indicated th8t an acute episode of protein deficiency disease 

of sufficient severity to necessitate in-patient hospitel treatment 

did not significantly lower the subsequent functional intellectual 

level. The study however did not exclude the possibility that long­

term chronic undernutrition did retard intellectual development, in 

both the subjects and their sibling controls. Whilst the study 

minimised the influence of g8netic, social and environ~ental factors 

on the determinatin rif intellectual devolopment by the use of sibling 

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

independent variable. Thus, a similar degree of physical growth 

retardation was found in both groups, and the group with antecedent 

kwashiorkor differed only from the sibling control group with the 

intervention at some stage of one or more factor(s) which precipita­

ted an acute phase of protein-caiorie malnutrition sufficient in 

degree to produce unmistakable signs and warrant in-patient hospital 
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treatment. In rntrospect it is impossible to identify the intervening ✓ 

factor; . this may have been nutritional in the form of a deficiency 

of a fie nutritional ele~ent e.g. protein or vita~in, or it 

may have been infective, or it may have bean psychosocial or psycho­

dynamic or any cornbinat:i.on of these. The suggestion was therefore 

made that a stu:::Iy of children who had been nutritionally deprived 

by virtue of an intestinal ma1absorption syndrome or fibrocystic 

disease should be undertaken in which their intellectual function­

ing could be compared with that of their siblings, 

The impractability of such a study because of the lack of a 

sufficiently large number of subjects satisfying the experim~ntal 

requirements led to the idea of ~pproaching the problem fr□m a 

different angle viz. by studying the effect of inverting the in­

dependent variable. Stach and Smythe (1963) suggested .that the 

.effects of PCM on intellectual dev~lopment could only be demonstrated 

by the comparison of children representing opposite extremes in 

nutritional condition, and used this argument to justify their. com­

parison of grossly marasmic children with children whose early 

nutritional status had been maintained ~tan adequate level through 

attendance at a creche. The present study aims to stimultaneously 

exploit the concept of st~dying extreme cases of the irifluence of. 

the independent variable in two directions, and also to include 

the advantages of the use <jf sibling controls. The design basi.cally 

operates by the comparison of different children from within the 

same family who respectively 

a) suffered an acute clinical episode of Pcm, 

b) suffered Pcm evidenced by significant physical growth 
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retardation but at no time presented with 

acute clinical symptoms and 

c) in whom PCffi was prevented by dietary sup­

plementation during the first 2 years of life. 

The main hypothesis underlying this study states that if ✓ 

early malnutrition 2er se causes retardation of intellectual 

development, then dietary supplementation during the same de­

velopmental period should prevent the occurrence of such intel­

lectual retardation in a population at risk. A basis for this 

research approach is the known fact that siblings have highly 

correlated scores o~ intelligence tests, reflecting the fact that 

siblings belong to the same genetic pool, have been exposed to 

similar physical and social environments, and have been exposed to 

similar epidemiological hazards. 

Because provision of dietary supplement to an infant within a 

family is likely to provide other non-nutritive stimulatory effects 

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

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

preceding the supplemented sibling l!Jho was exposed to the same social 

stimulatory effects but did not receive specific nutritional atten­

tion. Because of the improbability that the index child only would 

benefit. from supplement issued to the mother, an attempt was made 

to ensure that the control sibling _was beyond the age tu hen dietary 

supplementetion should, in theory, hsve any significant beneficial 

effect on his intellectual development, i~e. after the age of 18 

months according to Dabbing (1972). In an attempt to magnify the 

effect of improving nutrition on intellectual development, the 

fj 1'19 
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other extreme situation was studied in each family by testing an 

older sibling who had been malnourished to a degree sufficient to 

cause an ~cute episode of kwashiorkor necessitating hospitalisation, 

and treatment in a metabolic ward, together with a further sibling 

whose physical growth had been retarded to a similar extent but who 

had not succumbed to acute Pcm. 

The design of this study is unique and was made possible by the 

existence in Cape Town of an unusual group of subjects who have been 

under study over the past 15 years by the r:1.R.C. Clinical Nutrition 

Research Unit at U.C.To The feed-up project was initiated in 1963 

when the new-born sibling in a group of Cape Coloured families 

with a known incidence of kwashiorkor was selected for dietary 

supplementation (rnoodie et al., 1973). Apart from the incidence of. 

acute PCM in the fa~ily, the main criterion for selection was a poor 

growth record in all antecedent siblings (below the 3rd percentile 

in weight and height for age) in spite of normal birth weight. 

The project was conducted by a medics! social worker who .paid 

weekly visits to the family _for 2 years from the birth of the feed­

up siblings. Initially, supervision only was given to ensure that 

breast feeding was well established. illhen breast feeding failed, 

or declined to insufficient levels, feeding was supplemented by an 

adequate supply of branded full-cream powdered or evaporated milko 

When each child was aged 2-~ months s a fortified cereal was intro-

duced regardless of.the status of breast or bottle· feeding. (Pronutio: 

protein content 21.5%, 365 calories/100 grams). In addition, a vita­

min and iron syrup w2s supplied for the duration of .the program. 



Weights and heights of the infants were r.eco reg u l:s r 1 y , 

end any tendency towards failure to thrive was investigated ~edi­

cally. Similarly, any in6idence of illness or infectio~ was treat­

e.d promptly. ContraJ. siblings received the same medical care; 

they also possibly benefi tted from a proportion of thG dietar>1 

supplement, the likelihood of which increased only after the first 

6 to 12 months of su;:,plomentation when they were more able to ob­

tain tho cereal for themselves without the mother's knowledge. 

Apart from this, gener2.l improvement in nutrition on account of 

imp roved ma ternel ;;1oti vatior1 and the· general focus of. attention on 

food within the family is likely to have occurred. The actu2;l 

quantity of food dispensed per child per week was deter~ined by 

the child I s w0ight gain, the limiting factor being only a regard 

to excess which could be put at the disposal of the sibling-control 

child. The feeding l!!as only supplementary - the child otherwise 

participated in the usual eating habits of the fsmily. The dietary 

s~pplementation was discontinued when a mean duration of 28 months 

had been attained. ThereafbJr routine care was continued at the 

local Health and Welfare Centres. 
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The present study aims to investigate the foll□tUing postuJ.Gtes:-. 

Ptaposi ti9D....1.: If malnutrition as such causes retardation of 

intell~ctual and cognitive development, then 

the fed group should show a signifibant!y higher 

i~telligence score whin compared with each of the 

other three groups. 

If social 3nd stimulus depri vat.ion (including the 

effects of recurrent illnes~ and infection) rather 



then molnutri tion ,:;s such is responsible 

for the intellectual ond cognitive retarda-

tiop, then ho significant difference in intelligence 

score would be exp0 c ted between the fed grcup and 

the feci-contro 1 group, but tl1ese two groups should 

di ffor. s nif icantly from the kwashior-kor and 

kulashiorkor cont ro 1 group. 

Pioposition 3: If the severity of PCM is related to the degree 

of intellectual :retarcation then the kwashiorkor 

group should show a nificantly lau1er intelli-

genes score when co~pored with the kw8shiorkor 

control grou;::i, ar.d the fed-control grciup. 

Prooosition ti: If the duration of chronic PCfl1 is related to 'i:.he _1....,.,_, ____ _ 

deg:cee of retsrdation of intellectual developmcrnt 

then no significant difference in intelligence 

score should be expected to occur betweeh the 

kulashi.orkor group and the kwashiorkor control 

group, but both groups should show significantly 

lower intelligence scores than the fed group. 

UJhilst the above propositions are for:nulated in terms of quc:.nti-

tative diffetences in intellectual developmant, qualitative differ­

ences should be shown by differences betwe8n the groups on the sub-

scale intGlligence scores, and by di fferencas. on the BendGr Gestalt 

and Harris Drawing Tests (See Chapter 9). 
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CH.1\PTER 9 

~ETHOD5 AND r~TEFIALS 

THE 5fl.f:,Pi;J;. 

In August 1972, 14 of the feed~up children from an or.i.gtnai 

group of 18 were available for sturly, together with 13 sibling 

controls. Uli thin 9 of these farn.i.lies, kwashiorkor :r.ehabili tees 

and the:,ir sibling controls had been tested in 1968 during the 

previous investigation. By including the remaining 5 kwashior­

kor rehabilitees and thcit· s:i.bling controls, a sample of 54 

children from 14 familias was composed os follows: from each of 

12 families 4 children were drawn and assign~d respectively to 

kUJashiorkor group, kwashiorko;r control. group, fed group, fed 

control group; in 2 additional families 3 children were available: 

asf;ignod to kw2shiorkor grcup, kw2shiorkor contr□ 1, and fed group 

in the one family; and as kwashiorkor grcup, fed group, and fed 

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

• by the dec1th of a control child, one due to a motor vehicle accident 

and one due to accident2l poisoning. 

THE EXPEFI0ENTAL :R□ UPs 

Two· experi men ta 1 groups were formed each containing 14 subjects, 

and each r~presenting an extre~e of early nutritional status: 

Kwashiorkor Gro~p 

The critetion for selection to this group was that the child 
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had been hospitalised at least once during infancy for treatment of _ 

acute kwashiorkor as defined by Hanson (1968). The subjects in this 



group were all males, reflecting the know11 unequal distribution 

of the disease between the sexes, 

Fed Group 

This group consisted of 14 subjects being all the available 

subjects from the feed-up project described in Chapter B. Of 

the original 18 feed-up children, 2 had died from infectious 

diseases and 2 were known to have moved to other areas beyond 

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

THE CONTROL GROUPS 

The sample contained two control groups each consisting of 

siblings of the other, and each matched to one of the experimen­

tal groups which were also sibling groups: 

This group was cor.1posed by the selection of the sibling near­

est in age to the kwashiorkor child, but ilaving no history of acute 

protein-calorie malnutrition. No attempt was made to match the 

groups for sex in the present investigation, but the 9 pairs of 

subjects included from the previous study were se~ matched. The 

group conBi.s ted of 13 chi ldr.en (one having died due to alleged 

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

Fed Control Grouo 
-----'----'-· __,_ 

This group consisted of the sibling nearest in age just pre­

ceding the fed child in each family. The group consisted of 13 

children (one child had been killed in a motor vehicle accident), 

7 of whom were males and 6 fernalGs. This group was a mean of 21 

months (L 8 years) older than the fed group (range of age g@p 
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0.95 - 3.0 years) so that by the time supplementary feeding was 

commenced the group had a mean age which exceeded the theoretical 

critical period of vulnerability in brain growth and were therefore 

not susceptible to significant acceleration in intellectujl develop­

ment resulting from improved nutrition. 

No child was included in the study if there was any doubt about 

maternal or paternal parentage. In all cases children had lived 

within the same family envi_ronment except for periods of admission 

to hospital. This absence from the family· affected mainly the 

kwashiorkor gr~up in which it w~s a constant factor throughout 

the group. A small number of families ~ade moves of residence 

(generally to irnp roved conditions) during the feed-up period. • 

In 8 of tha families a further sibling was born within the feed­

up period. The supplementary feeding was extended to this new 

si~ling, but he was not included in the sample. 

TEST BATTERY 

• The battery of tests w8s essentially the same as that applied 

in the previous investigation with the addition of the Bender 

Visual motor· Gest~lt Test in the present study. The aim in select­

ing the battery of tests was to provide a profile of the children's 

present overall intellectual performance, and the Bender Gestalt 

Teet was included because of it~ value in discriminating 'brain 

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

telligence scale has been standardised for use on Cape Coloured 

children in this age group, and consideration was therefore given 

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



neuro-integrative competence by examining features of neurological 

maturation which follow a known clear-cut development course in 

normal children, and upon fuhich the influence of p~rtic~lar cul­

tural experiences is relatively small (Cravioto, 1970; Birch, 

1970). However, more recent research (Bridger, 1970) has demon­

strated that.poor performance on tests of inter-sensory integra­

tion is related to inability to employ abstract verbal labels 

rather than to perceptual deficit (quoted by Klein, 1972 in dis-

cussion). In spite of disadvantages~ it seems that the conven-

tional intelligence scale remains, at this st~ge; the most useful 

technique of evaluation. The New South African Individual Scale, 

al though stand;1rdised on a UJhi te South African school-going popu­

lation remained the most appropriate test for application in this 

study, and its use provided the additional advantage of making the 

results of the present study comparable with thoss of Stach and 

Smythe (1968) and with those of our previous study of kwashiorkor 

rehabilitees and their siblings, 

THE NEl!J SOUTH AFRICAtl...1!{QJIJIDU/~L SCALf;_,(NATIOrJl~L BURE8l!...Ql 

EDUCATI0i1JAL AfJO SOCIAL RES~AF:CH 2 1964) 

This scale is similar in construction to the Wechsler Intel­

ligence Scale for Children ( the Psycho logical Corporation, New 

York, 1949). The battery comprises nine sub-tests, 5 of which 

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

VocabulGry multiple choice picture-type test using a total of 

30 vocally presented stimulus words; the test thus requires a per­

ception and integration of an a~ditory stimulus with a visual sti-

mulus, but does not requirs a verbal response. The trast is 

J.04 



essentially a measure of abstract verbal labelling. 

Comprehension - ten questions relating to everyday life situa­

tions and customi ar8 presented vocally. Responses are scored 

on 3 levels of qualitative differentiation of increasing abstrac­

tion, and are said to indicate 1judgement 1 or 'common sense 1 

performance in which emotional and intellectual functions play 

a pa rt. 

Verbal reasonin~ - a similarities test of abstract reasoning, 

the first 2 items of which are in analogical form. Responses 

are scored according to Rappaport 1s levels of reasoiling, viz. 

concrete, functional, abstract. Performance on the test depends 

on ability to distinguish between essential and non-es~ential 

similarities, to generalise, and to categorise. 

Preble!!.!§_ - 15 verbally presented (the first 8 presented vo,cally) 

arithmetic problems, considered mainly a test of ability to con­

centrate,· Successful performance is dependent on training, and 

the score therefore reflects the level of school achievement. 

Mernor~ - test of immediate recall of meaningful verbal material 

presented vocally. 

Pattern Comeleti~n - performance requires a free response in the 

completion of 16 partially completed designs; time may be taken 

into account in scoring. Visual orientation as well as ability 

to concentrate is involved in performance. 

Block design - a Koh 1s type test which requires analytico­

synthetic ability.and especially the ability to solve problems 

in spatial relationships. Scoring may include a time factor. 

Absurdities - similar. to Wechs1er 1 s Picture Completion sub-test 

but containing incongruities as well as omissions. 
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Form Board - an adaptation of the Leake-Smiq, Fo;rm Board and 

consisting of 6 figures: 3 of 3, and 3 of 4 loose coloured pieces. 

Scoring is based on time taken to complete each figure. The test 

is regarded as an indication of qualitative aspects of intelligence 

and reflects the effect of temperament factors on the, solution of 

concrete problems. 

The battery uses point scales, so that the same test item can 

be applied all the way through to all age groups, and the standard 

deviation - IQ method replaces the mental age method. Performance 

is indicated in terms of standard scores or normalised scales 

scores. In the present investigation, 'power-plus time' scores 

were used throughout. 

Beceuse this test has not been standardised for the population 

to which it was applied in this investigation, the terms 1veibal 

quotient 1 , 1non-verba 1 quotient 1 , and 'full scale c:1uotient I are 

replaced by the terms 'verbal score', 1non .. verbal score 1 , and 

'full scale intelligence score•, These 1scores 1 represent the 

child 1s performance in terms of the UJhi te standrndisation sample; 

significance can only be attached to this score in terms of dif­

ferenbes between the scores obtained by the various groups and the 

scores cannot be interpreted normatively in 1IQs 1 with reference 

to a particular population. 

THE BG.JDER GESTALT TEST {Bender, 193_8) 

This test, c~~sisting of nine geo~etric figures presented one 

at a· time and which the subject is asked to copy on a blank sheet 

of paper, was used originally as a visual-motor test by Bender who 

pointed out that the perception and the reproduction of the Gestalt 
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figures is determined by biological principles of sensory-motor 

action and varies accor:ding to a) the growth pattern and :-r;atura­

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

either functionally or organically induced. The test remains one 

of the standard and most frequently used in clinical practice with 

both adults and children. 

In the present investigation the administration and scoring 

of the test was carried out according to th~ method of Koppitz. 

{1964) who developed a developmental scoring system standardised 

on a population aged 5 - l□½ years. Koppitz validated the system 

on a group of children aged 5 - 10 years with known brain :tnjury 

and showed that the test has some value in discriminating between 

'brain-injured I and 1non brain~injured I children scoring at various 

IQ levels on the ~ISC. A lack of correlation between IQ and Bender 

score in the 1brain-demaged 1 group was demonstrated. In the ~on 

brain-damaged' samplf, significant correlations were found betUJeen 

the WISC sub-test score and Bender score on all except Information, 

Comprehension, Similarities, and Coding sub-tests. The Koppitz 

Dsvelopm0ntal Scoring System evaluate$ the reproduction of each 

design in terms of errors· of integration, rotation, distortion of 

shape and perseveraticn. The error score is then converted to a 

visual perceptual developmental age level. 

In the present study the age :range of ths group extended beyond 

the upper limits of the original standardisation sample, and the 

range of error scores obtained extended beyond the lower limits 
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of those obtained in the original standardisation sample. A smooth­

ed and extended error score curve was therefore constructed using 



Koppitz 1s original standardisation data (Koppiti, 1964). The 

original Bender scores as reported in the normative data were 

plotted. The plot points started at 5½ years of age and went 

to l□½ years of age. Fram these points the smoothed curve was 

drawn to extend out towards 20 years of age. The original Bender 

standard deviations as reported were included in the graph from 

8 years of age ta 10½ years of age and these standard deviations 

were likewise extrapolated in the smoothed curve to 20 years of 

age. The means and standard deviations resulting from this ex­

trapolation are reported in Table X (Appendix III). For each 

child scared on the Bender in the present study a Z score was 

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

between .his score and the mean on the extrapolated line divided 

by the extrapolated standard deviations. The Z scores were then 

rel.ated to a curve built up from the distribution of the Student 

t to .two degrees of freedom. • The effect of this was to attempt 

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

score i.e. as related to the normai curve was not satisfactory 

because a number of children had such high Z scores (of the order 

at 5 and 7), that no are~ was left under the normal curve. The 

percentile rank approach~d zero after a Z score of approximately 

three. To attempt to give~ meaningful percentile rank to child­

ren with high Z scores, the Z scores were treated as thciugh they 

were t scores with 2 degrees of freedom. Thus, for example, a 

child with a so-:-called Z score of 4.3 had a percentile rank of 

• 5%. A graph was drawn~ the points oft at 2 rees of freedom 

were taken as o.o, 1.0, I.BB, 2.92, 4.3, 6.96 and 9.92. The 
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relative percentiles were taken as 50, 34, 20, 10, 5, 2 and 1. 

The children 1s Z scores were then read onto the graph and their 

percentile ranks were read off from the graph. 

THE HARRIS-GOODENOUGH DRAWING TEST 

This test was included for its value in evaluating 1inteJ.lec-
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tual maturity 1 in contrast to the IQ notion of unitary intelligence. 

Harris 1s concept of intellectual maturity includes the ability 

form concepts of an increasingly abstract nature. The process 

of concept formation comprises three functionals , viz. 

1. The ability to perceive i.e. to discriminate likenesses 

and differences; 

2. The ability to abstract i.e. to classify objects according 

to perceived likenesses and differences; 

to 

3. The ability to generalise i.e. to assign a newly experienced 

object to a correct class, according to the discrimination 

made. 

A child 1s drawing of any object will reveal the discriminations 

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

of his conceptual maturity, and his concept of such a frequently 

and universally experienced object as a human being provides an 

index of a growing complexity of his concepts generally, particu­

larly as it requires integration of af~ective and cognitive ele­

ments. 

The child is aiked to make the best picture he can of 1) a man 

and 2) a woman, and the formal anc structural elements of the 

drawings are scored on 3 levels viz. presence, ~imensions, and 

proportion. Raw scores are converted to standard scores fer the 



age group 3 to 5 years taking account of the sex· of the child; 

standard scores on both scales are averaged to derive a totol 

drawing score. A validation study of this technique using the 

NSAIS was carrie~ out on White South African school children by 

Strumpfer and fflienie (1966), Reliability co-efficients of 0.88 

for the man Scale and 0,92 for the Woman Scale were obtained by 

the split halves method. Low, but statistically significant corre­

lations were found between the Harris scores and the NSAIS sub-

test scores; the highest co-efficients of .61 was obtained between 

the man's scale and the verbal IQ. 

An· att.E:mpt was made in the present study to assess the inter­

ference of emotional factors in cognitive functioning by recording 

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

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

the presence of evidence of emotional disturbance on a 5 point 

scale based on the conflict indicators of Machover (1948) viz. 

omissions of parts, excessive erasures, density of shading, trans­

parencies, and the presence of sexual organs. 

PROCEDURE 

Testing of the children was begun in August 1972 and continued 

through may 1973. 

.llO 

Conditions of the test situation were kept as GDnstant as poss­

ibl~. All testing was carried out in a suitably furnished play r~om 

at the Psychiatric ·Clinic, Red Cross War Memorial Children's Hos­

pital, Each child was tested individually by the same examiner in 

2 or 3 sessions not exceeding 45 minutes ~ach. Tsst sessions were 

interspersed by periods of free play of at least 45 r~inutes duration 



in a well equipped playroom. No incentives were suggested or 

offered before the completion of testing, but the majority of 

children assumed on the basis of past experience that a reward 
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wou1d be forthcoming on comple:tion of the test program. Refresh­

ments in the form of fruit juice cordials, milk, coffee, sandwiches, 

biscuits and sweets were provided during the break periods. All 

test administration and scoring was carried out blindly. In no 

case was the examiner aware of the group to which any particular 

child w2s assigned until his fin~l test scores had been calculated. 

The physical stature of these children is such that it is difficult 

to estimate their age. 

The 9 kwashiorkor children and their controls who were tested 

during the previous investigation were recalled for the administra­

tion of the Bender Gestalt Test, at which time the Harris-Goodenough 

Test was repeated. Of these subjects 2 were .tested on a Saturday 

afternoon in order to avoid interference with their employment; 

for the rest all sessions were held in the morning. An averagi of 

4 children were tested per morning, and with a few exceptions, th~se 

were representatives of at least 2 different families. The order 

in which the children were taken into the test room was determined 

randomly by tossing a coin. 

Standing height and body weight of each child were measured on 

th~ day of testing. In addition the heights and weights of the fed 

children and their controls were available at an early age (during 

dietary supplementation) and at a mid•term age (approximately 2 

years after the sessation of dietary supplement2tion). f:iid-term 

and present heights and weights were available.for the kwashiorkor 



group and thsir controls. The percentages of expected height 

for age, and weight for age as at near comparable ages as possible 

were calculated using the 50th percentile of the Boston Growth 

Charts as standard. 

A multiple Social Index was available for each family composed 

of 4 factors as follows~ 
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a) general environment and occupational censi ty of living conditions; 

b) economic status calculated with reference to the Poverty Datum 

Line; 

c) diet judged by weekly intake of key protein foods; 

d) family stability including illegitamacy, alcoholism .and alcohol-

related problems, conflict with the law, and marital breakdown. 

The families had been rated in 1969, and the rating represented a 

mean for the families over the 10 year period 1959 - 1969. In 

addition, income ratings as percentage of the Poveriy Oitum Line 

(where l00J~ represents the Poverty Datum Line, and 15C% represents 

the effective minimum standard) were available on each family at 

5 year intervals viz. in 1959, 1964, and 1969. The 1964 figure 

therefore reflects the situation into which the feed ... up control 

sibling was born, whereas the 1969 figure provides some indications 

of conditions in the family during the infancy of the feed-up child, 

A relationship between the income rating and food availability within 

the family is assumed; the income rating also reflects the degree 

of social disorganisation as dependent on, the presence or absence 

of unemployment and degree .:of stable employment. 

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

and the age on admission to ho~pital in the case of the kwashiorkor 



group were recorded, c:s 31.so was the number of si-blings in the 

family at present, and the ordinal position in each family of 

the 4 children included in the study. 

THE ANALYSES OF VARIANCE (ANOVA 1s) 

The data were subjectsd to analysis of variance and ~ultiple 

comparisons of means were comp~ted. Both matched techniques 

using 12 sets and unmatched techniques us 14 sets employed where 

appropriate. This anomaly was created by the deaths of two of the 

sibling control children; the particular technique used will be 

indicated by the degrees of freedom. Correlc.1tion matrices were 

also computed. 

Two-way analyses: most of the two-way analyses computed were 

2-way A:·WVA 1s uiith repe.:::ted rneasure:nents on both factors (Kirk, 

1968). Thesn ere referred to by Kirk as "rantklmised block factorizl 

". Where appropriate 2-way Ar~OV A I s with repec,ted :neasures on 
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a singl~ fcctor were used (Kirk, 1968: Chapt 7). Comp3risons between 

the means of the various treatment vels were ciarried out using the 
,, 

Scheffe mul le comparison test, For comparisons of means on the 

N5AIS sub-tes~ scores, Tukey 1s HSD technique was used (Kirk, .1968: 

Chapt 3). In casss where significant intiraction effects occurred 

in the 2-wa~ ANOVA's, si main effects were calculated and their 

~eans compared according to the techniques laid out by Kirk (1968: 

Chapt 7). 

One-way an.::;lzsss: WhGrr:1 approprinte one-way ANCVA 1s with repeated 

measurements were computed. 
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CHAPTER 10 

RESULTS 

The raw data which w'ere subjected to statistical analysis 

are presented in Appendix I. A summary of results is given in 

Tables 1 and 2 and Figure 1. 

The results obtained on each of the variables examined 

were as follows: 



us. 

TABLE 1: MEANS AND STANDARD DEVIATIONS FOR THE FOUR GROUPS 

iANOVA 
I 

I !Significance Kwash Sib K Sib F Fed 
i 

. i 

l Age *** Mean .13.0 12.0 10. 7 8.9 
Sd 1.9 2.1 1.0 0.5 

l Full Scale l ** Mean 70.0 72.0 72.2 81.8 
Intelligence • Score j Sd 13.5 14.6 13.0 13.0 

I l 
Verbal O.Ol>p>0,05 Mean 74.3 75,0 70.8 81.3 

Sd 16.1 17.3 13.9 14.0 

Non-Verbal *** Mean 71.3 74.4 80.5 86.3 
Sd 8.8 9.2 ll.2 .10.4 

,Harris NS Mean 81.3 83.7 75.1 81.0 
Sd 17.6 16.9 11.1 13.3 

Bender (PQ) NS Mean 71.2 62.5 65.7 63,5 
Sd 30.5 21.4 18.5 19. 6 

r•nder 
(t I Scores) NS Mean 29.7 28.2 18.7 17.6 

Sd 22 . .2 20.5 18.8 17.6 

*p<0.05 
**p<0,01 

***p<0,001 



TABLE 2: SCHAFFE MULTIPLE ·coMPARISONS BETWEEN MEANS 

Kwash 

Age 
Kwash 
Sib K 
Sib F 
Fed 

Full Scale I 
Intelligence I 
Score 

Kwash 
Sib K 
Sib F 
Fed 

Verbal 
Kwash 
Sib K 
Sib F 
Fed 

Non..:..Verbal I --Kwash 
Sib K 
Sib F 
Fed 

Sib K 

NS 

NS 

NS 

NS 

*p<0,05 
**p<0.01 

***p<0.001 

Sib F 

** 
NS 

NS 
NS 

NS 
NS 

* 
NS 

Fed 

**'' 
** 
* 

*"'-
* 

NS 

0.05<p<0,10 
NS 
NS 

*** 
* 

NS 
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AGE 'VARIABLES 

The mean age at the time of intellectual testing (NSAIS) 

for each of the four groups is shown in Table 3. The data 

analysis is presented in Tables 4 and 5. The fed group differed 

significantly from the other.three groups, The·kwashiorkor 

group did not differ significantly from its control group, nor 

did the two control groups differ from each other. The 

significant difference between the fed group and its control group 

was an essential feature of the experi~ental design, the 

purpose being to ensure that the control child was too old 

to achieve a brain growth benefit from overflow of the dietary 

supplement provided to his younger sibling. 

The age of each child at the time of this investigation is 

shown in Tabie 56 (Appendix I). In the kwashiorkor group and 

its control group the mean ages at present (Table 1) differed 

from the mean ages on intellectual testing because some of the 

subjects included were tested as part of an earlier project. 

The present age is the age at which all children performed the· 

Bender Gestalt and Harris Drawing Tests. 

The ages of the ;fed cont,rol grou:p at the start o_f the J;eed41p 

project, and at termination of dietary supplementation are shown 

in Table 56 (Appendix I). The mean age of the fed control at 

the start of the project was 21. months (LB years). 

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

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



TABLE 3: MEANS AND STANDARD DEVIATIONS FOR THE 
FOUR GROUPS ON AGE ON TESTING (NSAIS) 

Kwash Sib K Sib F Fed 

Mean 13.0 12.0 10.7 8.9 
Sd 1.9 2.1 1.0 0.5 

TABLE 4: ANOVA SUMMARY TABLE 

One-Way Analysis without repeated measures. 
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Means for the four groups on Age on Testing (NSAIS) 

Source Sum of df Mean F 
Squares Squares ratio· 

Between subjects 135.0 3 45.0 19.Q**i' 

Within subjects 118.0 50 2.4 

*** p <0.001 

TABLE 5: MULTIPLE COMPARISONS BETWEEN MEANS OF AGE ON 
TESTING (NSAIS) 

Scheffe Multiple Comparisons 

Degrees of freedom (3,50) in all cases 

Kwash 

Kwash -
Sib K 
Sib F 
Fed 

Sib K Sib F 

NS 5.1** - NS 
-

*P < 0.05 
**p< 0.01 

**1~p < 0. 001 

Fed 

19 .. l*** 
9.5** 
3.2* 
-
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included in the project at the ages of 6 months (case 6)~ 10 months 

(case 2), and 4 months (case 14). In all cases breast feeding had 

been adequately maintai~ed up to the time of admission to the study. 

Birth weights of the fed group children are shown in rable 56 

• (Appendix I); in no case was birth weight below 12.5 kg. The 

duration of breast feeding of the fed group children is shown in 

Table 56 (Appendix I). The fortified cereal was introduced 

. routinely in all cases at the age of 2.5 months. The program 

terminated when the mean age of the fed group was 28 .1 months 

(2.3 years). 

The age on admission to hospital for the members of the 

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

median was 21 months. In terms of the division used in the 

previous study, the present kwashiorkor group was predomin­

antly 1 late-onset', with only 2 cases being admitted to 

hospital before the age of 16 months .. The age range was 

10 - 48 months. In the population under investigation the 

age of 21 months represents the age of greatest vulnerability 

to PCM, and the nutritional supplementation of the fed group 

extended for 7 months beyond this age. On the other hand the 

fed control group had reached this age of vulnerability by 

the time the·feeding project was started. No significant 

correlations between age on admission to hospital and ft.ill scale, 

verbal, or non-verbal intelligence scores occurred in the 

kwashiorkor and kwashiorkor control groups (Table 6). 



F.S. IQ 
F. S. IQ 
VERB.IQ 
VERB. IQ 
NON-VERB.IQ 
NON-VERB.IQ 
AGE ADM.HOSP. 

12i. 

TABLE 6: CORRELATIOl~ COEFFICIENTS FOR NSAIS INTELLIGENCE SCORES 
AND AGE ON ADMISSION TO HOSPITAL 
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SOCIAL VARIABLES 

Multiple Social Index 

The Multiple Social Index (MSI) for each family is s:t¥>wn 

in Table 56 (Appendix I). .A significantly high correlation 

(Appendix II, Table 67) between MSI and non-:-verbal intelligence 

score occurred in the kwashiorkor group only (:r = .54,. p<0.05). 

Income 

Income ratings (percentage of Poverty Datum Line) other 

than those included in the MSI are also shown; The 1959 

rating corresponds with the period of early childhood (O - 3 

years) of the kwashiorkor group and its control group and the 

fed control group, whereas the 1964 rating assesses the 

financial status of the family into which the fed group child 

was born. Income is an important variable as it will partly 

determine and. reflect food availability in the family. The 

,means show a downward trend for the pericd 1959 (64.7%) to 

1964 (58.3%), and this combined with a steady increase 1.n 

family size suggests a deterioration in socio..,economic and 

hence nutritional conditions over this period. In this.respect 

122. 

the risk of PCM was clearly higher for the fed group control child 

than for the kwashiorkor control child, but maximal for the children 

of the fed group in these families. The chances of succumbing to 

acute PCM were great in both the fed and the fed control groups 

without the intervention of the supplementary feeding program, 

which reduced inter-current infection in the fed control group 

by the concurrent supervision· and medical care .. The ma.rked rise 

in income to 88.5% in 1969 is probably a reflection of the 
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country's general economic inflation, combined with the fact that 

many of the older siblings were engaged in some form of gainful 

'unskilled' employment by this time and were contributing to the 

family income. In the combined fed and fed control groups 

significant positive correlations occurred between Income and 

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

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

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

correlate significantly with group differences in.verbal, non-

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



Position in Sibship 

The ordinal position of each child in the sibship is shown 

in Table 56, (Appendix I), together with the total number of 

children rn the sibship at the time of the present investigation. 

Position in sibship did not correlate with scores on the 

intellectual tests in the kwashiorkor and fed groups (Table 7). 

In 8 families one or more further births occurred during the 

period of dietary supplementation. The full supptement was 

extended to all of these new fapiily members, but they were not 

included in the fed group sample. When an 'Index of Sibship' 

(Table 57,- Appendix I) was calculated for each child taking into 

account both position in sibship and size of sibship, 

significantly high positive correlations (Table 66, Appendix II) 

occurred with full scale intelligence score (r = .29, p<0.05), 

non-verbal inteHigence score (r = .37, p<0.01)~ and the 

arbitary 'Food Index' (r = .68, p<0.001). Thus the younger 

children in the smaller families had the higher full scale and 

non-verbal intelligence scores. 
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TABLE 7: CORRELATION COEFFICIE11TS BETt..JEEN INTELLIGENCE 
SCORES FOR FED GROUP AND KWASHIORKOR GROUP AND 
PROXIMITY IN SIBSHIP 
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Food Index 

As an additional technique for exploring the data and for 

educing meaningful correlations, an empirical 'Food Index' was 

assigned to each group. The hypothetical values given were as 

follows: 

Kwashiorkor group 1 

Kwashiorkor-control group - 1 

Fed control group 2 

Fed group 5 

126. 

These numerical values were based entirely on assumptions 

concerning the nutritional status of the groups during the first 

2 years of life, and are not objectively verifiable.· Nevertheless, 

significantly high positive correlations occurred between 'Food 

Index' and height at midterm (t =· .51, p<0.01) and weight at. 

midterm stage (r = .46, p<0.01). Neither height nor weight at 

present correlated significantly with 'Food Index'. (Table 66, 

Appendix II) .. 

Significantly high positive correlations were also found 

between 'Food Index' and full scale intelligence score (i = .35, 

p<0.01), and non-verbal score (r = .55, p<0.01). 'Food Index' 

also showed a significantly high positive correlation with the 

Index of Sibship (r = .68, p<0.01). (Table 66, Appendix II). 

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

the 'Food Index' showed significantly high positive correlations 

with vocabulary (r = .40, p<0,05), and memory (r = .42, p<0.05) 

sub-tests of the NSAIS. The significantly high negative 

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

.age on starting and stopping must be regarded as artifacts. 



FULL SCALE INTELLIGENCE SCORE 

The distribution of full scale.intelligence scores over the 

four groups is shown in Fig. 2. 

127. 

Table 8 shows. the means and standard deviations for the four 

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

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

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

the kwashiorkor group (p<0.01) and the kwashiorkor-control group 

(p<0.05). No significant differences were found between the 

kwashiorkor group and its control group, or between the two 

control groups, or between the kwashiorkor group and the fed 

control group. 

Correlations between the four groups on full scale 

intelligence score are shown in Table 11. The pattern is that of • 

significantly high positive correlations occurring between all 

groups except between the kwashiorkor group and the fed group . 

. Significantly high positive correlations were found 

consistently in all groups between full scale intelligence score 

and verbal (r "" . 96, p~O .001) and non-verbal (i = .. 88, p<0.001) 

scores (Tables 66, 67, 68, 69, 70, Appendix II}. 

Correlations between full scale intelligence score and other 

variables are shown in Tables 66 - 76 in Appendix IL 

The full scale intelligence score did not correlate 

significantly with ordinal position in sibship (Table 7) 1.n the 

kwashiorkor and fed groups, but a significantly high positive corre­

lation (i = .29, p<0.05) occurred with the 'Index of Sibship' taking 
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TABLE 8: MEANS AND STANDARD DEVIATIONS FOR THE 

Mean 
Sd 

FOUR GROUPS ON FULL SCALE INTELLIGENCE SCORES 
(NSAIS) 

Kw.ash 

70.0 
13.5 

Sib K 

72.0 
14.6 

Sib F 

72.2 
13.0 

Fed 

81.8 
13. 7 

'TABLE 9: ANOVA SUMMARY TABLE 

One-Way Analysis with repeated measurements 

129. 

Mean Full Scale Intelligence Scores for the four groups 

Source 
Sums of df Mean F 
Squares Squares ratio 

Between subjects 6434.7 11 584.0 

Within subjects 2860.3 36 79.5 

Full Scale 
Intelligence 1013.0 3 337.7 6.03** 
Score 

Residual 1847.3 33 56.0 (error) 

**p<0.01 



TABLE 10: MULTIPT...E COMPARISONS BETWEEN MEANS 

Scheffe Multiple Comparisons 

Mean Full Scale Intellig~nce Scores 

Degrees of freedom (3,33) in all cases 

Kwash SibK Sib F Fed 

Kwash NS. NS • 5.0** 
Sib K NS 3.5* 
Sib F 3.1* 
Fed 

*p<0.05 
**p<0,01 

130. 

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

(df 13) 

Kwash Sib K Sib F Fed 

Kwash 
Sib K .75* 
Sib F . 74* . 78* 
Fed .40 .75 . 80* 

p = 0.05* 
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account of family size. No significant correlation occurred between 

the intelligence score and the age on admission to hospital in the 

kwashiorkor group. 

In the kwashiorkor group and in the fed control group the 

intelligence score correlated significantly with the Bender 

Gestalt test score (r = .54, p<0.05; r = .79, p<0.01). 

In all groups except the kwashiorkor group the intelligence 

score showed a significantly high positive correlation with the 

Harris Drawing Score (r = .73, p<0.01 for fed group; i = .56, 

p<0.05 for fed control group; i = .65, p<0.Oi for the kwashiorkor­

control group). 

Significantly high correlations occurred between intelligence 

score and the arbitary 'Food Index' (r = .35, p = 0.01), and this 

was substantiated by significantly high correlations between 

inteUigence score and midcterm weight (i = .32, p<0.05) and 

between intelligence score and mid-term height (r = .33, p<0.05). 

In the fed control group only, full scale intelligence score 

showed significantly high positive correlations with early height 

(r = .57, p<0.05), and early weight (r = .64, p<0.01). (Table 76, 

Appendix II). 

No significant correlations occurred between intelligence 

score and Age on testing, 

Age at start of the supplementary feeding program, 

Age at the ·end of feeding program, 

Duration of the supplementary feeding program, 

Inc6me, 

Multiple Social Index. 



A significantly high positive correlation occurred between 

intelligence score and elapsed time from the end of the supple­

mentation period to the time of testing in the fed group only 

(i = .76, p<:0.01). 

These results indicate that Proposition I and Proposition 4 

should be accepted, whereas Proposition 2 and Proposition 3 

must be rejected for overall intellectual developmental level. 

132. 
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VERBAL INTELLIGENCE SCORE 

The means and standard deviations for the four groups 

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

Figure 3 shows the distribution of the scores. The analysis 

of the data are shown in Tables 13 and 14. The difference 

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

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

differences occurred between the kwashiorkor group and its 

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

between the kwashiorkor group and the fed-control group. 

Correlations between the four groups on verbal score are 

shown in Table 15. The pattern of significantly high inter.;.., 

group correlations between all groups except between the fed 

group and the kwashiorkor group is identical to that found for 

full scale inteUigence score, 

Significantly high positive correlations occurred between 

verbal and non-verbal scores (r = .,]2, p<;0.001) and between 

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

This similar correlations were found consistently ,in all groups 

(see Appendix II). 

133. 
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TABLE 12: MEANS AND STAl'IDARD DEVIATIONS FOR THE 
FOUR GROUJ?S ON VERBAL INTELLIGENcE·scoRE 

Mean 
Sd 

(NSAIS) 

Kwash Sib K Sib F F.ed 

74.3 
16.1 

75.0 
17.3 

70.8 
13. 9 

81.3 
14.0 

TABLE 13; ANOVA SUMMARY TABLE 

One-Way Analysis with repeated measurements 

135, 

Means for the four groups on Verba1·score· NSAIS} 

Source Sums of • df Mean F 
Squares Squares ratio 

Between subjects 7516.7 11 683.3 

Within subjects 3598.0 36 99.9 

Verbal Intell- 699,5 3 232.2 2,65 igence Score 

Residual 2898.5 33 (error) 



TABLE 14; MULTIPLE COMPARISONS BETWEEN MEANS 

ScheffeMultiple Comparisons 

Verbal Score (NSAIS) 

Degrees of freedom (3,33) in all cases 

Kwash Sib K Sib F Fed 

Kwash NS NS NS 
Sib K NS NS 
Sib F 2.55* 
Fed -. 

* 0.05<p<0.10 

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

(df 13) 

Kwash Sib K Sib F Fed 

Kwash 
Sib K .72* 
Sib F .66* .63* 
Fed .44 .70* .64* 

p = 0.05* 

• 136. 



Correlations between verbal score and other variables are 

shown in Appendix II. 

In the fed-control group a highly significant correlation 

occurred.between the verbal score and the time elapsed between 

the end of the supplementation period and the time of testing 

(i - .74, p<0.01). In this group also, verbal score correlated 

with early height (i = .57, p<0.05), and early weight (r 2 .66, 

p<0.01). (Table 76, Appendix II). 

137. 

No significant correlations occurred between verbal score and: 

• _Age on testing, 

Age at start of the feeding program, 

Age at termination of the feeding program, 

Duration of feeding program, 

Food Index, 

Income, 

Multiple Social Index,· 

Mid"':"term weight and . height. • 

In the kwashiorkor group, verbal score did not correlate 

significantly with age on.admission to hospital. 

These.results indicate that Proposition I should be accepted 

whereas Proposition 2 and Proposition 3 must be rejected for 

verbal score. 



NON-'-VERBAL INTELLIGENCE SCORE 

The means and standard deviations for the four groups on 

the non-verbal sub-scale of the NSAIS are presented sho,-m in 

Table 16. Figure 4 shows the distribution of the. scores. 

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

significant differences occurred between the fed group and the 

fed-control group, or between the kwashiorkor group and the 

kwashiorkor-control. group. The fed group was significantly· 

higher than the kwashiorkor group (p<0.001) and significantly 

higher than the kwashiorkor..-control group (p<0,01) on non-

138. 

verbal score. The kwashiorkor group was significantly lov1et than 

the .fed-control group (p<;:0.01).. • 

Inter-group correlations for the four groups 6n non--:-verbal 

scores are shown in Table 19. Although the correlations 

between the kwashiorkor group and the two control groupa do not 

quite reach statistical significance,· the pattern is essentiallt 

the same as that found for full s.cale and verbal intelligence 

scores. The correlations of .51 and .52 are still of the order 

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

the kwashiorkor group and the fed group is contrary to expectatton 

for siblings. 

Significantly high positive correlations were found consistentlr 

in aU groups for non-veroal and verbal (r = .72, p<;:0.001) and full 

scale, inteUigence 'scores (r = ·.ss, ,p<;:0.001) • (See Appendix II}. 
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TABLE 16: MEANS M1D STANDARD DEVIATIONS FOR THE 
FOUR GROUPS ON NON-VERBAL INTELLIGENCE SCORE 

Mean 
Sd 

Kwash 

71.3 
8.8 

• (NSAIS) 

Sib K 

74.4 
9.2 

Sib F 

80.5 
11.2 

TABLE 17: ANOVA SUMMARY TABLE 

Fed 

86.3 
10 .4 

One-Way Analysis with repeated measurements 

11+0. 

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

Source Sums of df . Mean F 
Squares Squares ratio 

Between subjects 2972. 2 11 210.2 

Within subjects ·2965.7 36 82.4 

Non-Verbal 1594. 7 3 531.6 12. 791:** 
Intelligence Score 

Residual 1371.1 33 41.4 (error) 



TABLE 18: MULTIPU~ COMPARISONS BETWEEN MEANS· 

Scheffe Multiple Comparisons 

Non-Verbal Score (NSAIS) 

Degrees of freedom (3,33) in all cases 

Kwash 
Sib K 
Sib F 
Fed 

Kwash Sib K 

NS 

*P <0 .05 
)°:*p <O .01 

***p<O .001 

Sib F 

5.0** 
NS 

Fed 

10.8*** 
7.0** 

NS 

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

(df 13) 

Kwash Sib K Sib F Fed 

Kwash 
Sib K .51 
Sib F .52 .65* 
Fed . 23 . 72* .81* 

·p = 0.05* 

141. 
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Correlations between non-verbal intelligence score and the 

other variables are tabulated in Appendix II. 

In the kwashiorkor group, a significantly high positive 

correlation was found between non-verbal score and Bender 

Gestalt Test score (r = .57, p<0.05). When the fed group and the 

fed-control group were combined this posit;:ive correlation was also 

significantly high (r = .43, p<0.05). 

Non-verbal score correlated positively at a significan.tly 

high level with the Harris Drawing Score the fed group (r = . 73, 

p<0.01) and in the kwashiorkor-control group (i = .77, p<0.01). The 

correlation was also positive at significant level when the groups. 

were combined (r = .47, p<0.01). 

A significantly high positive correlation occurred between 

non-verbal score and the empirical 'Food Index' (r-= .55, p = 0.01). 

Non--:-verbal score also show significantly high positive correlations 

withmid~term weight (r = .3], .p<0.05), and mid:"term.height (r = .39, 

. p<0. 05). In the fed---control group, weight at present showed a 

significantly high positive correlation with non,verbal score (r = .57, 

p<0,O5). In this group the ela:Psed time between the end of the 

supplementation and. testing showed a s_ignificantly high positive 

correlation with non-verbal score (,: = . 64, P<0,O5). 

In the kwashiorkor group, Multiple Social Index correlated 

at a significantly high positive level with non---verbal score 

(r = ·.54, P<0.05)~ 

In the kwashi.orkor group no significant correlation occurred 

.. between _age on admission to hospital and non"'."verbal. score.· 



No significant correlations occurred between non--verba.l 

intelligence score and: 

Age on testing, 

Age at stai-t of supplementation, 

Age at termination of the feeding program, 

Duration of supplementation, 

Income. 

These results indicate that the requirements for the 

acceptance of Proposition I and Proposition 2 and Proposition 4 

are satisfied in part for non-verbal intelligence.score. 

Proposition 3 must be rejected. 

143. 
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NSAIS SUB-TESTS ---··-----

The mean scaled scotes for each of the four groups on each 

of the nine NSAIS sub-tests are shown in Table 20. The analysis 

is presented in Table 21. The main effect of group assignment 

(p<0.001) and NSAIS sub-tests (p<Q.001) was significant, and the 

inter-action was significant (p<o.01) Simple main effects are 

shown in Table 22. Group effects were significant for 

Vocabulary, Verbal Reasoning, Pattern Completion and Form Board 

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

groups. 

Tables 23 to 26 show multiple comparisons between the sub­

test means within each group. 

significantly high differences within the four groups occur 

most frequently between Vocabulary, Comprehension, Verbal Reasoning, 

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



TABLE 20: MEANS FOR THE FOUR GROUPS ON THE 
NINE NSAIS SUB-TESTS 

Kwash Sib K Sib F 

Vocabulary 7.34 7.81 4.58 
Comprehension 6.91 6.41 6.83 
Verbal Reasoning 8.00 7.66 8.58 
Arith. Problems 6.08 7.34 6.67 
Memory 5.16 4.75 4.17 
Pattern Completion 5.33 6.00 7.08 
Block Design 6.58 6.50 8.25 
Absurdities 6.50 6.00 5.67 
Form Board 5.92 7.58 8.50· 

TABLE 21: ANOVA SUMMARY TABLE 

F 

7.08 
8.33 

10.67 
7.92 
5.25 
9.08 
9,17 
6.33 
8.25 

Two-Way Analysis with repeated measurements 

Means for the four groups on NSAIS sub-tests 

Source Sum of df Mean F 
Squares Squares 

Between subjects 

Subj. within group 947.8 11 

Within subjects 

A: Group of child 165.5 3 55.2 14.6*** 
B: NSAIS sub-test 444.2 8 55.5 14.7** 

AX B 244.0 24 10.2 2.7** 
B x subj, within Group 1463.0 385 3.8 

**p..:; 0.01 
***p<; 0 .001 

145. 



TABLE 22: ANOVA SIMPLE MAIN EFFECTS SUMMARY TABLE 

(Analysis taken from Table 21) 

Source 
Sum of df Mean 

Squares. Squares • 

Group at Vocabulary 75.7 3 25.2 
Group at Comprehension 25.0 3 8.4 
Group at Verbal Reason. 65.2 3 21.7 
Group at Arith. Problems 22.8 3 7.6 
Group at Memory 8.8 3 2.9 
Group at Patt. Comp. 96. 7 3 32.2 
Group at Block Des. 61.4 3 20.5 
Group at Absurdities 4.9 3 1.6 
Group at Form Board 48.7 3 16.2 

Sub-test for Kwash 80.7 8 10. 1 
Sub-test for Sib K 99.6 8 12.4 
Sub-test for Sib F 255.9 8 32.0 
Sub-test for Fed 252.1 8 31.5 

385 

*p < 0 .05 
• **p < 0.01 
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F 
ratio 

6.7** 
2. 2 ~ 
5,7** 
2.0 
0.8 
8. 5,1:* 
5. 41'* 
0.4 
4.3** 

2. 7;~* 
3.3** 
8.5** 
8.3** 
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Memory 
Patt. Compl. 
Form Board 
Ari th. Probs. 
Absurdities 
Block Des. 
Compreh, 
Vocabulary 
Verbal Reas. 

Memory 
Patt .Com pl. 
Absurdities 
Compreh. 
Block Des. 
Arith. Probs. 
Form Board 
Verbal Reas. 
Vocabulary 

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

TUKEY HSD 

Degrees of freedom (9,385) in all cases 

147. 

Mem­
ory 

Patt. 
Compl. 

Form 
Board 

Arith. 
Probs. 

Absurd- Block 
ities Des. 

Compre- Vocab- Verbal 
hension ulary Reas. 

? 

*p<0.05 

* 
* 
? 

TABLE 24: MULTIPLE CONPARISONS BETWEEN MEANS FOR 
KWASHIORKOR CONTROL GROUP ON NSAIS SUB-TESTS 

Mem­
ory 

Patt. 
Compl. 

TUKEY·HSD 

Degrees of freedom (9,385) in all cases 

Absurd- Compre- Block 
ities hension Des. 

*p<0.05 
**p<0.01 

Arith. 
Probs. 

* 

Form 
Board 

* 

Verbal Vocab­
Reas. ulary 

* ** 
? 



TABLE 25: MULTIPLE COMPARISONS BET¼~EN MEANS FOR 
THE FED GROUP ON NSAIS SUB-TESTS 

TUKEY HSD 

Degrees of freedom (9,385) in all cases 

. Mem­
ory 

Vocab­
ulary 

Absurd- Arith. 
ities Probs. 

Compre- Patt. 
hens ion Compl. 

Block 
Des. 

Memory 
Absurdities 
Vocabulary 
Arith.Probs 
Form Board 
Compr. 
Patt.Compl. 
Block Des. 
Verbal Reas. 

* ** ** ** 
,·: 

*p<0.05 
**p<0.01 

TABLE 26: MULTIPLE COMPARISONS BETWEEN MEANS FOR 
THE FED CONTROL GROUP ON NSAIS SUB-TESTS 

TUKEY.HSD 

Degrees of freedom (9,385) 1.n all cases 

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

Memory 
Vocabulary 
Absurdities 
Arith.Probs. 

ory 

Comprehension 
Patt.Compl. 
Block Des. 
Form Board 
Verbal Reas. 

ulary ities Probs. 

* 

*p<;0.05 
:1,*p<O .01 

hens ion Comp 1. 

* ** 

* 

. Des. 

** 
** 

* 

Form 
Board 

** 
** 

Form 
Board 

** 
** 

* 
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Verbal 
Reas. 

** 
** 

* 
* 

Verbal 
Reas . 

** 
** 
** 

... 



Table 27 shows the· significance of difference between the 

means of the four groups on Vocabulary, Comprehension, Verbal 

Reasoning, Pattern Completion, Block Design and Form Board 

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

and may be summarised as follows: 

1) The. fed group showed a significantly higher score than 

each of the other three groups on Verbal Reasoning and 

Pattern Completion sub-tests. The same trend was shown 

in Comprehension, but the greatest difference (between 

fed group and kwashiorkorcControl. group) did not quite 

reach statistical significance, 

2) On Vocabulary the kwashiorkor-control group was 

significantly below each of the other three groups. 

3) On the Form Board the kwashiorkor group was significantly 

lower than both the fed and fed-control groups, but the 

difference between kwashiorkor group and kwashiorkor­

control. group was not quite significant al though the 

trend was similar. 

4) On Block Design the fed group had a significantly higher 

score than both the kwashiorkor and kwashiorkor control 

groups. The difference between the two control grqups was 

not quite statistically significant. 

5) Arithmetic Problems, Memory and the Absurdities sub-tests 

did not discriminate between the four groups. 

In order to examine the sub-test scatter the standard 

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

significant differences in sub-test scatter were found between 

the groups.· 

149. 
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TABLE 27: MULTIPLE COMPARISONS BETWEEN MEANS FOR NSAIS 
SUB-TESTS ON THE FOUR GROUPS 

TUKEY HSD 

(Degrees of freedom 4,385 in all cases) 

VOCABULARY 

COMPREHENSION 

VERBAL REASONING 

SF 
F 
SK 
K 

SK 
SF 
K 
F 

SK 
K 
SF 
F 

SF F SK K 

** ** ;"* 

SK SF K F 

SK K 

-

*p<0.05 
*'i'p<O .01 

SF F 

** 'i{* 

** 
* 
.,.. 

? 
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Continued on pg. 151. 



TABLE 27: MULTIPLE COMPARISONS BET'\~EEN MEANS FOR NSAIS 
SUB-TESTS ON THE FOUR GROUPS 

TUKEY HSD 

(Degrees of freedom 4,385 1.n all cases) 

PATTERN COMPLETION 

BLOCK DESIGN 

FORM BOARD 

K 
SK 
SF 
F 

SK 
K 
SF 
F 

K 
SK 
F 
SF 

K SK SF F 

SK K SF F 

? 
** - ** 

K SK F SF 

? 

*p<0.05 
**p<0.01 

* ** 
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TABLE 28: GRAND STAl..'DARD DEVD\TIONS ON NSAIS 
SUB-TEST SCORES FOR THE FOUR GROUPS 

Kwash Sib K Sib F Fed 

Sd 2.42 2.74. 2.72 2.72 

152. 
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Correlations between the NSAIS sub~test scores and other 

variables are shown in Tables 71, 72 and 73 (Appendix II). 

154. 

'Food Index' showed-a significantly high positive correlation 

with both Vocabulary (r = .40, p<0.005) and Pattern Completion 

(r = .42, p<0.005}. 

Duration of feeding showed a significantly high positive 

correlation with Arithmetic Problems (r = .56, p<0.01), Memory 

(r = .54, p<0.01), Verbal Reasoning (r = .48, p<0~05) and 

Absurdities (i =.49, p<0.05}. 

Income showed a significantly high positive correlation with 

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

The length of time between termination. of supplementation 

and testing showed a significantly high positive correlation with 

Arithmetic Problems (r = .44, .p<;0.05}. Significantly high positive 

correlations occurred between the age at whichf.eeding started and 
) 

Pattern Completion (t = .60, p"S'.0,01), 'Form Board (J:'-= .50,p<O,Ol}, 

and Block Design (r = .46, .p-S:0.05}. Negative correlations of a 

. significantly high level occurred between the _age at.termination 

of supplementation and Arithmetic Problems Cr = ~.39 1 p-<0;05), 

and Pattern Completion (:r = :.,.o, 45, ~<;0.05) ~ 

Significantly high.negative correlations also occurred 

between all of the verbal sub"C-tests· and the verbal]non-verbal 

discrepancy (l'able 71, Appendix II}. 

In the fed group only a significantly nigh positive correlation 

occurred between Comprehension and age on. testing Ci = ,. 58, p<0.05) 9 

and duration of feeding (i = .54, p<;0.05}. 
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In the fed control. group the length of elapsed time 

between tennination of feeding and testing showed significantly 

high positive correlations with Vocabulary (r = .82, p<0.01); 

Comprehension (r = . 70, P<o·.01), Arithmetic Problems (r = . 68, 

p<0.05), Memory (r = .63, p<0,05}, and Pattern Completion (r = ~58, 

.p<0.05). 
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HARRIS DRAWING TEST 

Table 29 shows the means and standard deviations for the 

four gro1;1ps on the Harris revision of the Goodenough Draw-a-.Man 

Test .. Table 30 shows the analysis of data. No significant 

differences were found in the means between the four groups. 

The inter-group correlations on Harris Score are shown in 

Table 31. Significantly high positive correlations occurred 

between the.fed control group and both the fed group (r = .54, 

p<0.05) and the kwashiorkor group (i = .49, p<0.05). 

Co~fficients of correlation between Harris Score and 

other variables are shown in Tables 66 to 73 in Appendix IL 

Harris Score did not correlate at a signifkantly high 

. level with the Index .of Sibship. 

Significantly high. positive co:rrelations. occurred. between 

Har:ris Score and full scale intelligence score (r = . 54, 

p<0.01),.Verbal Score (J:= ,50, p<0.01}, non-verbal.Score fr- ~47, 

p<0,01} and the Bender Gestalt Test (i = .50, p<0.01)., in the 

kwa'shiorkor group these significantly high correlations did not . . 

occur, and. in the fed control group Harris Score did not correlate 

significantly with verbal and non-verbal scores~ 

In the fed control group Harris Score correlated at a 

significantly high .level with 'Verbal Reasoning (i = .59, p<0.05), . . . 

and Arithmetic Problems (r = .60, p<0.05}. · In the fed group 

Harris Score correlated significantly with 'Vocabulary (r = .. 66, 

.p<O~Ol). and Comprehension (i = .74 1 p<O~Ol}, and Absurdities 

(i = i,75, p = 0.01). 

,I 
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TABLE 29: MEANS AND STANDARE DEVIATIONS FOR .THE 
FOUR GROUPS ON HARRIS DRJ1WING SCORE 

Mean 
Sd 

Kwash Sib K Sib F Fed 

81.3 
17.6 

83.7 
16.9 

75.1 
11.1 

81.0 
13 .3 

TABLE 30: /iliOVA SUMMARY TABLE 

One-Way Analysis with repeated measures 

157. 

Means for the four groups on Harris Drawing Score 

Source 
Sum of 

df Mean F 
Squares Squares ratio 

Between subjects 4973.4 11 452.1 . 

Within subjects 5366.5 36 149.1 

Harris 
488.1 3 162.7 NS Drawing Scale 

Residual 
4878.4 33 147. 8 (error) 

TABLE 31: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON HARRIS DRAWING SCORE 

(df 10) 

Kwash Sib K. Sib F Fed 

Kwash 
Sib K .41 
Sib F .49* .19 
Fed .19 .32 .54* .,. 

*p<0.05 



When fed and. fed control. groups were combined additional 

significantly high positive correlations occurred with Memory 

(r = .44, p<0.05). 

In the fed group Harris Score showed significantly •high 

positive correlations with: 

Age on, testing (r = .66, p<0.01), 

Duration of feeding (i = .78, p<0.01), 

Age at start of feeding (i= .60, p<0.05), 

Age at termination of.feeding (i = ,68, p<0.01). 

These significant correlations did not occur in the fed­

control group or when the tvm • groups were combined. 

The means for the four groups on the Machover rating 

are shown in Table 32. Table 33 shows the mean discrepancy 

between Man and Woman scales of the Harris Drawing Test for 

each of the four groups. No significant differences were 
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found between the groups on the Machover ratin~ or on the 

discrepancy between Man and Woman Scales, and these variables did 

not show significant correlations with the Multiple Social Index, 

or with total Harris Score. 

The Harris Drawing Test had been administered pr~viously 

to nine of the. kwashiorkor subjects and their nine controls as 

part of an earlier investigation. The means and standard 

deviations on Harris Score for these kwashiorkor subjects and· 

their controls in1968 and 1973 are compared in Taole 34. 

Table 35 presents the analysis of data: no significant differences 

were found 'between mean scores in 1968 and 1973. 



TABLE 32: MEANS AND STANDARD DEVIATIONS FOR THE FOUR 
GROUPS ON MACHOVER RATING 

Mean 
Sd 

Kwash 

0.71 
0.8 

Sib K Sib F 

o. 7 
o.8 

0.8 
1.0 

Fed 

0.8 
0.7 

TABLE 33: MEANS AND STANDARD DEVIATIONS FOR THE FOUR 
GROUPS ON MAN-WOMAN SCALE DISCREPANCY 

Mean 
Sd 

(Accounting for direction of difference) 

Kwash 

-4.6 
7.7 

Sib K Sib F 

0.5 
3.2 

1.6 
6.2 

Fed 

1.7 
9.0 

159. 



TABLE 34: .MEANS AND STANDARD DEVIATIONS FOR' KWASHIORKOR 
• • SUBJECTS AND THEIR CO:NTROLS ON HARRIS DRAWING 

TEST IN J.968 AND 1973 

Mean 
Sd 

(N = 9 pairs) 

Kwash(N:;,,9) 

1968 

80.4 
11.9 

1973 

85.0 
18.5 

SibK(N=9) 

1968 

83.8 
10.8 

1973 

88.3 
15.8 

TABLE 35: ANOVA .SUMMARY TABLE 

Source 

Two-Way Analysis with repeated measurements 
Harris Drawing Scores in Kwashiorkor subjects 
and their controls in 1968 and 1973 

Sums of df Mean F 
Squares Squares ratio 

Between subjects: 

A: Kwash at Sib K. 103.3 1 103.3 
Error B 2024.9 16 314.1 

.Within subjects: 

B: 1968/1973 182.2 1 182.2 NS 
. AX B o.o 1 o.o 

Error 16 110.4 
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BENDER GESTALT TEST 

The means and standard deviations for the four groups 

on Perceptual Quotient are shown in Table 36. The analysis 

is presented in Table 37. No effects were found to be.sig­

nificant. Inter-group correlation co-efficients are shown in 

Table 38. The fed group showed a significantly high positive 

correlation with both the fed control group (r = .60, p<0,05), 

and the kwashiorkor control group (r = .55, p<0.05). 

The means and standard deviations on the.Bender t.scores 

(See Appendix III) are shown for the four groups in Table.39. 

The analysis is presented·in Table 40. No effects .were found 

to be significant. Inter-group correlation co-efficients 

161. 

are shown in Table 41. The .fed group correlated positively with 

the fed control group at a significautly high level (r = . 63, 

p <;0~05). 

Co-efficients.of correlation for the Bender Gestalt Test 

with other variables are shown in Appendix II, Tables 66 to ]3 .• • 

Significantly high positive correlations occurred with full­

scale inteHigence score (i = .36, p<0.01), Verbal Score (i = .38, 

.p<;0.01), and Harris Drawing Score (i = .50, p<0.01). These 

correlations did not occur in the fed group. 

When the fed and fed control group were combined the Bender 

Gestalt Test showed significantly high positive correlations with 

.full-scale intelligence score (r = . 53, p..::;0.01), Verbal Score 

(i = .54, p<0 .. 01), Non-Verbal score (i = .43, p<;0.05), 

Comprehension (r = .51,p<O.Ol), Arithmetic Problems (r = .61, 

.p<0.01), and Memory (r = .62, p<0.01). 

These correlati~ns did not occur in the fed group. 
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TABLE 36: MEANS AND STAJ\.TDARD DEVIATIONS FOR THE FOUR 
GROUPS ON BENDER GESTALT TEST (PERCEPTUAL QUOTIENT) 

Mean 
Sd 

Kwash 

71.2 
30.5 

Sib K 

62.5 
21.4 

Sib F 

65.7 
18.5 

Fed 

63.5 
19.6 

TABLE 37: ANOVA SUMMARY TABLE 

Source 

Between subjects 

Within subjects 

One-Way Analysis with repeated measurements 

Mean~ for the four groups on Bender Gestalt 
Test {Perceptual Quotient) 

Sum of df Mean. F 
Squares Squares ratio 

10596 11 963.3 

13253 36 368.1 

Bender Gestalt Test 550.5 3 183.5 NS (Perceptual Quotient) 

Residual 12702.5 33 384.9 (error) 

TABLE 38: CORRELATION COEFFICIENTS BETWEEN TRE FOUR 
GROUPS ON PERCEPTUAL QUOTIENT (BENDER GESTALT TEST) 

(df 10) 

Kwash Sib K Sib F Fed 

Kwash 
Sib K .13 .,.. 

Sib F .34 .37 
Fed -.o .55* .60* 

p = 0.05* 



TABLE 3 9: MEANS Al'U) STAf.J-UARD DEVIATIONS FOR THE • FOUR 
GROUPS ON BENDER GESTALT TEST (t 1 SCORES) 

Mean 
Sd 

Kwash 

29.7 
22.2 

Sib K Sib F 

28.2 
20.5 

18.7 
18.8 

TABLE 40: ANOVA SUMYiARY TABLE 

Fed 

17.6 
17.6 

One-Way Analysis with repeated measurements 
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• Means on Bender Gestalt Test for the four groups 

Source Sum of df Mean F 
Squares Squares ratio 

Between subjects 8223.2 11 747.5 

Within subjects 10516.7 36 292.1 

Bender Gestalt Test 1418.1 3 472.7 NS. (t '-Score) 

Residual 9098.7 33 275.7 (error) 

TABLE 41: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON BENDER GESTALT TEST (t' Score) 

(df 10) 

Kwash Sib K Sib F Fed 

Kwash 
Sib K =,07 
Sib F . 23 .47 
Fed .17 .51 .63** 

l' = 0.05* 



HEIGHT 

The height of each child expressed as percentage of normal 

expected height for age is shown in Table 59 in Appendix I, 

together with the age at which the measurements were taken. Heights 

were recorded at as near as possible comparable ages within each 

family at two points in time called mid-term and present. Where 

possible the mid-term heights were taken within 2 years following 

the termination of dietary supplementation. Early height in the 

fed and fed control groups was recorded approximately half-way· 

through the supplementation program. 

The means for the four groups on mid-term and present 

height are shown in Table 42. The analysis.of the data are 

presented in Table 43. Significant effects on groups, measurements 

and inter-action were found to be significant. Table 44 shows the 

simple main effects. Multiple comparisons between means are shown 

in Table 45 and Figure 6. 

The results indicate that the fed group children.were signif­

icantly taller than the members of the other three groups at mid­

term stage. At present stage there was no significant difference in 

height between the four groups, the kwashiorkor group and both. the 

control groups having caught'4lp with the fed group. The kwashiorkor 

group and both control groups showed a significant increase in height 

from mid-term to present stages. 

Table 46 shows the mean heights in the fed and fed control 

groups at three developmental levels. The analysis of the data 

is presented in Table 47. Significant group, stage of measurement, 



TABLE 42: MEANS FOR THE FOUR GROUPS ON HEIGHT AT 
MIDTERM AND PRESENT AGES (% normal for Age) 

Kwash 

Midterm 82.5 
Present 90.4 

Sib K 

81.9 
90.5 

TABLE 43: ANOVA SUMMARY TABLE 

Sib F Fed 

84.7 
89.7 

90.3 
90.5 

Two-Way Analysis with repeated measurements 

Means on height at mid term and pres_ent ages 
for the four groups 

Source • Sum of df Mean F 
Squares Squares .. ratio 

Between Subjects 

Subj. within Groups 999.6 11 

Within subjects 

A: Group 196.8 3 65.6 5.4** 
B: Stages of 694.8 1 694.9 65.7*** 

Measurement 91.8 7.5** 
Ax B 275.5 3 12.3 

B x subj. within Groups 943.4 77 
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TABLE 44: ANOVA SIMPLE MAIN EFFECTS ON HEIGHT 
SUMMARY TABLE 

(Analysis taken from Table 43) 

Source Sum of df Mean 
Squares Squares. 

Group at midterm 465.9 3 155.3 
Group at present 6.3 3 2.l 

Kwash at stage meas 'd 378.4 1 378.4 
Sib Kat stage meas' d 442.9 1 442,9 
Sib F at stage meas' d 149,0 1 149.0 
Fed at stage meas' d 0.03 1 0.03 

**p< 0:01 

F 
ratio 

12.7** 
0.17 

30.9** 
36.2** 
12.2** 
. 0.002 

TABLE 45: MULTIPLE COMPARISONS BETWEEN MEANS ON MIDTERM 
AND PRESENT HEIGHT 

TUKEY HSD 

(Data extended from Analysis Table 43) 

Midterm Kwash Sib K Sib F Fed 

Kwash NS NS ** 
Sib K NS ** 
Sib F * Fed 

Present 

Kwash NS NS NS 
Sib K NS NS 
Sib F NS 
Fed 

*p<0,05 
**p<0.01 
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TABLE 46: MEANS FOR FED AND FED CONTROL GROUPS ON 
HEIGHT AT THREE STAGES (% nonnal for Age) 

Sib .F Fed_: 

Early 86.2 91.8 
Midterm 84.7 90.3 
Present 89.7 90.5 

TABLE 47: A.NOVA SUMMARY TABLE 

Source 

Two-Way Analysis with repeated measurements 

Mean Early, Midterm and Present height for Fed 
and Fed control.groups 

Sum of df Mean F 
Squares Squares ratio 

Between subjects 

Subj. within Groups 552.1 10 

Within subjects 

A: Group 260.7 1 260.7 33 .O~'t** 
B: Stage of Measurement 68.6 2 34.3 4.3* 

Ax B 75.3 2 37.3 4~8* 
B x subj s. within Groups 394.7 50 7.9 

*p<0.05 
*:;''*p<O .001 
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TABLE 48: AN0VA SIMPLE MAIN EFFECTS 
SUMMARY TABLE 

168. 

Mean Early; Midtenn and Present height for Fed and 
Fed control groups 

(Analysis taken from Table 47) 

Source 
Sum of 

df Mean F 
Squares Squares ratio 

Group at Early stage 168.0 1 168~0 21.3** 
Group at Midterm 163.0 1 163.0 20.7** 
Group at Present 4.9 1 4,9 0.6 

Stage meas' d for Fed 13.2 2 6.6 0.8 
Stage rneas 1 d for Sib F 130.8 2 65:4 8.3* 

*p<0.05 
**p<0.01 



and inter-action effects were found. ANOVA simple main effects 

are shown in Table 48. I1ultiple comparisons of the means 

were computed and revealed significant differences between 

the two groups at eariy and mid-term levels. The difference 

between the groups in height at present.stage was not 

significant. 
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The means for the four groups at the selected developmental 

stages are shown graphically in Figure 6. The results suggest 

that the growth of the fed control child did not benefit 

significantly from any overflow of food from the fed child. 

Correlation co-efficients between height at the three 

developmental levels and other variables are shown in Tables 

66 to 70 in Appendix II. Mid-term height showed significantly 

high positive correlations with; 

Mid-term weight (r = . 77, p<O .01),. 

Index of Sibship (r = .38, p<o·.05), 

. Full scale intelligence score ( r = .33 p<O .05), 

Non-verbal inteHigence score (r = .39, p<0.05). 

Several significantly high positive correlations occurred 

between height and.weight which. are irrelevant to the present 

investigation. 

In the fed control group only, significantly high positive 

correlations occurred between early height and verbal score 

(r = .. 57, p<0.05), and between early height and full scale 

intelligence score (r = .57, p<0.05). (Table 76, Appendix II). 
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WEIGHT 

The weight of each child (expressed as percentage.of normal 

expected weight for age) is shown in Table 59 in Appendix I, 

together with the age at which the measurements were made. These 

were recorded at as near as possible comparable ages within each 

!amily at two points in time called mid-term and present. Whenever 

possible the mid-term weights were taken within 2 years following 

the end of the program of dietary supplementation. In the fed and 

fed control groups, early weight was recorded approximately half-way 

through the supplementation program. 

The means for the four groups on mid-term a.nd present weight 

are shown in Table 49. The analysis of the data are presented in 

Table 50. Significant effects were found for both groups and 

inter-action . AN0VA simple main effects are shown in Table 51 .' • 

Muliiple comparisons between means (Tukey HSD) were computed on 

·data extended from Table 50 and are shown in Table 52 and Figure 7. 

The results indicate that whilst the fed group children 

.weighed significantly more at the end of the supplementary nutritional 

program than the children of the other three groups, this advantage 

was not maintained for long after supplementation of diet ceased. 

The fed children are at present not superior in weight to their 

unfed siblings. 

The mean weights in the fed and fed conrrol groups at three 

developmental stages are shown in Table 53. The analysis of data 

is presented in Table 54. Significant group and inter-action 

effects were found. AN0VA simple main effects are shown in Table 55. 



-t 

TABLE 49: MEANS FOR THE FOUR GROUPS ON WEIGHT AT 
MIDTE:Rl1 AND PRESENT AGES. (%normal for Age) 

Midterm 
Present 

Kwash 

75.4 
76.5 

Sib K 

71.6 
75.3 

TABLE 50: ANOVA SUMMARY TABLE 

Sib F 

77.0 
78.2 

Fed 

86.2 
78.5 

Two-Way Analysis with repeated measurements 

Midtenn and Present weights in the four groups 

Source. 
Sum of 

df Mean F 
Squares Squares ratio 

Between subjects 

Subj s. within Groups 5611.3 11 

Within subjects 

A: Group 1011.8 3 337.3 6.0** 
B: Stage of measurement 5 1 5 0.9 

AX B 454.6 3 151.5 2.7* 
B X subj s. within Grps. 4291.5 33 55.7 

*p<0.05 
**p<0.01 

171. 



Groups 
Groups 

Kwash 
Sib K 
Sib F 
Fed at 

TABLE 51: Af10VA SIMPLE MAIN EFFECTS ON WEIGHT 
SUMMARY TABLE 

(Analysis taken from Table 50) 

Source Sum of df Mean 
Squares Squares 

at Midterm 1386. 6 3 462.2 
at Present 79.7 3 26.6 

at stage meas 'd 7.9 1 7.9 
at stage meas' d 81.4 1 81.4 
at stage meas'd 8.3 1 8.3 

stage meas'd 361.9 1 361.9 • 

*p<0.05 

TABLE 52: }fULTIPLE COMPARISONS BETWEEN MEANS 
ON MIDTERM AND PRESENT WEIGHT 

TUKEY HSD 

(Data extended from Analysis Table 50) 

Midterm Kwash Sib K Sib F Fed 

Kwash NS NS ** 
Sib K NS ** 
Sib F ** 
Fed 

Present 

Kwash NS NS NS 
Sib K NS NS 
Sib F NS 
Fed 

**p<0.01 
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F 
ratio 

8.3* 
0.48 

0.14 
1.5 
0.15 
6.5 
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Multiple comparisons of the means were computed·and showed 

significant differences between the two groups at early (p<0.01) and 

mid-term stages (p<0.01). In the fed group, present weight was 

significantly lower than mid-term weight (p<0.01). In the fed control 

group mid-term weight was significantly higher than early weight 

(p<0.01). These results indicate that the fed control child gained 

some innnediate benefit from the dietary supplementation of the fed 

child as long as the supplementation continued, but not sufficient 

to allow him to catch-up to the fed child. (It should be noted 

that all groups fall below the 3rd percentile at present). The 

means for the four groups at the three develo1>mental stages are 

represented graphically in Figure 7. 

Correlation co-efficients for the four groups on weight at 

the three developmental stages are shown. in Appendix II, Tables 66 

to 70. Mid-term weight showed significantly high positiv-e 

correlations with: 

Full scale intelligence score (r = .32, .p<;0.05), 

Non-verbal intelligence score (r - .37 ,· p<0.05), 

Index of Sibship fr = .30, .p,-;0~05). 

Several signif ic;mtly high positive correlations occurred 

between weight and height which. are not regarded as relevant to 

this investigation. 

In the fed control group only early weight showed 

significantly high positive correlations with verbal score 

(r = . 66, p.<0.01), and with full scale intelligence score (i = "64, 

p<;O~Ol). (Table 76, Appendix II). 



TABLE 53: MEANS FOR FED AND FED-SIBLING GROUPS ON 
WEIGHT AT THREE STAGES (%normal for Age) 

Fed Sib F 

Early 
Midterm 
Present 

86.0 
85.7 
79.6 

TABLE 54: ANOVA SUMMARY TABLE 

72.0 
77 .4 
77. 9 

Two-Way Analysis with repeated measurements 

Mean Early, Midterm and Present weight for Fed 
and Fed-Sibling groups 

Source 
Sums of 

df Hean F 
Squares Squares ratio 

Between subjects 

Subj s. within Groups 2271.4 10 

Within subjects 

A: Group 1057.8 1 1057.8 25.0*** 
B: Stage of Measurement 104.6 2 52.3 1.2 

A x B 419.9 2 209.9 5.0** 
. BX subjs. within Grps. 210.5 50 42.2 

**p<0.01 
***p<0.001 

174. 
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TABLE 55: ANOVA SIMPLE MAIN EFFECTS 
SUMMAJ:.Y TABLE 

(Analysis taken from Table 54) 

Source S1..Lu of df Mean 
Squares Squares 

Group at Early stage 1079.4 1 1079 .4 
Group at Midterm 383.1 1 383.1 
Group at Present 15.2 1 15.2 

Stage meas I d for Fed 293.8 2 146. 9 • 
Stage meas' d for S1b F 230.8 2 115.4 

*p<0.05 
**p<0.01 

175. 

F 
ratio 

25.6** 
9.1* 
0.4 

3.5 
2.7 
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CHAPTER 11 

The results of this study confirm the centr~l hypothasis: 

the fed group was significantly superior on full-scalG intelli­

gence score to each of the othsr three grouµs (Table 10). 

Whilst it is recognised that an I IQ 1 does not describe 8Vetything 

about an individual's intellectual or cognitive f~nctioning, it 

remains the most frequently used composite index of the intellec­

tual status of an individual or a group. UJhere individual, and 

especially group differonces are the subject of investigation, 

the ~ssessment of intelligence by the use of standard IQ tests 

is the most efficient procedure. The r£~sults shol!.I that e2srly 

ry supple~entation significantly increased intelligence 

test scores of children over and above that of their siblings 

whose life-history hed been characterised by chronic malnutrition 

with or without an acute episode of nutritional di~aase (PCM). 

The physital data on these childr~n provide evidence of the fact 

that the nutritional status of the fed children was significantly 

. superior to that of their siblings for at least the first 3 years 

of life (fables t+S and 55 ) . No significant difference iri expected 

weight or height f □r age occurred between the child who succumbed 

to acute PCm when compared with his chronically malnou shed 

~iblings (Figures 6 and 7) .. 

A more detailed discussion of the intelligence test scores 

is facili. tated by separate consi(!era_tion of each of the two 

experimental groups compared with its own control group. mean 

intelligence scores for the fed group and their control group are 
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sho1:in graphically in rigure B.. The difference between the full-

scale inte ence score means was significantly high in favour 

of the fGd group. Tha difference between the ,;ieans nn 1:1.urbal 

score did not quite reach statistical significance, but the trend 

shown suggests that this difference was necrly so. However the 

mean difference in non-verbal score betweeri these two groups was 

not significantly different (Table 18 ) • This suggests that mal-

. nutrition early ·in infancy h□ s its str□ngBst effect on verbal 

rather than non-verbal skills .. This fincting is in accordance 

with the c,msistent results obtc,ined by several othr,r studies 

since the observation was first made by Wat~rlow and co-workers in 

1960 that, on ghe Gesell Scale malnourished children showed a 

relati0ely greater deficit on the language sub-scale than on 

the oth8r sub-scales when comp2;rad with normal childron (U/aterlow, 

Cravioto and Stephen, 1960). Both fe&and fed control groups 

received the same amount of environmental stimulation coincidental 

to the feod-up program, bnd the same degree of medical care. The 

non-significant difference between the two groups in non-verbal 

score can be attributed to this stimuldion t:ihich was common to 

both groups. However the fed group was significantly suporior 

to its control group in eBrly nutritional status (Figures 6 and 7), 

and the elevation of verbal score in the fed group may thus be 

ettributed to the nutritional advantage, 

When the kwashiorkor group is comp a red with its sibling control 

group, no significant differences are noted between mean full-sc2le, 

verbal, or non-verbal scores (Tables 10, 14 and 18). This indicates 

that an episode of acute Ptm had no particular detrimental effect 
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on the intellectual functioning of a group of chronically rnal-

nourished children. That thG e.:,rly nutri tior,31 status of theo0 

tL:Jo groups of children was equivalent is c!e:r:onstn1ted by the 

percentage of expected weight and height for a~e shown in Figures 

6 an'd 7. It should be noted that the kwashiorkor g:-ou;:1 and its 

control group warn comparable in height and ht for age. u;i th 

the sibling control group of the fed children at rnid-term age 

level; the fed children differed significantly in weight and 

height from each of the other three groups until some time after 

termination of supplementary f 

When the four groups of children ere compared with each other, 

figure 8 illustrates that each pair of experim0ntal and control 

groups show a distinct trend in the pattetn cf their intGlli92nce 
. 

scores. Because of tha small size of the sa~ple, thssa diffetences 

in trend must be considered as important differences which mey 

show higher tistical significant in larger sarnples of the popu-

lations. Superiority of the fad group in mean full scale intel-
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ligence scores ov~r each of the other three groups was statistically 

nificant on 5cheff6 multiple tomparisons (Table 10). This.find-

ing is in accordance with expectation, and can be attributed to the 

significant ori ty of the fed group in early nutritional status 

when compared with the other three groups (Figures~ and 7). The 

non-verbal scores show a similar trend, but show relatively larger 

differences between the fed control group compared with the kwashior-

kor and ku;ashiorkor control groups. 
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The comparison of the means for the four groups 'on non-veroal / 

intelligence score (Table 18) indicates that tho fed group was 

significantly higher than both the kwashiorkor group and the 

kwashiorkor contra 1 group. The fed ccrntrol gm up however; mas 

also significantly superior to the kw2shiorl<or group. This ✓ 

finding suggests that whilst nutritional factors were important, 

a significant contribution to the elevation of the non-verbal 

score was made by the genernl social improvement which coincided 

with the dietary supplementation, together with improved medical 

care. It sEmms plausible that both the fed group and its control 

group were less frequently immobilised on account of illness and 

infection than were the ku.Jashiorkor and its contrcil group. This 

finding would lend some support to the sugge~tion thst loss of 

'learning time 1 on account of chronic ill-health makes a significant 

contribution to the functional retardation of the chronically mal-

nourished child. It should be n □tRd that the mean weight of the 

- fed control group increased significantly during the feed-up period 

(Figure 7), although at mid-term it remained significantly below 

that of the fed group. The findings suggest that whilst increased v 

environmsntal stimulation and improved social conditions brings 

about a significant increase in mn-verbal s~ills, early nutrition 

appears to provi~e an added beneficial effect~ 

A deviation in the trend of patterning of intelligence scores 

of the four groups ·on the verbal score was contrcry to expectation. 

In verb3l intelligence score the means far the kwashiorkor group an~ 

its control group took up an intermediate position between the fed 

group and its.control group (Figure 8). The problem posed was why 
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the trond fer full-scale .:ind non-verb2;l sc3les _in which the kw::rnh-

iorkor and kwashiorkor control groups h2d scored below the feel 

group and its control group, was not consistBnt also on the verbal 

scale. Both in terr.is of the underlying prJstuJ.ates bei.n,;i examined, 

and in ter!Tis of the results on full-scale and non-verbal scale, 

the fed control group should be expected to score at a higher 

rather than lower level when compared with the kwashiorkor and 

kwashiorkor control groups. The possibility that the high verbal 

score j_n the fed group is a reflection of an improved mother/child 

relation~hip from birth was considered, but the fact that verbal 

score did not ccrrelata sighificantly with age of onset of stimu­

lation for the combined groups (Table 71), ~oints against this 

explanation. In the total sample height an~ weight at mid-term 

and the arbitary foo~ index showed significantly high correlations 

with both full-scale and non-verbal scores, but not with verbal 

score (T~ble 66). This suggested thst the verbal scores were in­

fluenced by some other factor. A significantly high positive 

correlation occurring in the combined fed and fed control groups 

betwsen verbal score and the elapsed time between termin~tion of 

the supplementation program 2nd testing suggested that a time fac­

tor may be involved. In terms of this it could be proposed that 

the verb,::l score of the kwashiorkor group and its control group 
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had been boosted above that of the fed control group by a relative-

ly longer period of school experisnce. 

Support for the argument that the mean verbal scores in the 

kwashiorkor and kwashiorkor control groups were boosted by a longor 

duration of school experience may be seen in their significantly 



higher mean age at the -time of testing ·(Tabie 5). The majority 

of these children also had progressed beyond the sub-standards 

in school at the ti:.1e of test.ing, by which time also they had about 

6 years of Gttendance at school. On the other hand the majority 

of children in the fed group and its control group more at sub­

standard school level ~t the time of testing, and had only 2 years 

of scholastic experience at the time of testing.· It should be 

stressed that the severity of deprivation by Western standards in 

this population is such that even minimBl school attendance re­

presents major cognitive stimulation. The power cf sch~ol attend­

ance is thus relatively fer greater in this sample as ~nvironmental 

stimulation tha.n it is for the average middle class child. The 

ability of environmental factors to compensate in even severe and 

acute malnutrition is suggested in the results of our previous 

study (Evans et al., 1971). At the ten-year follow-up, children 

with an e~rlier on~et bf kwashiorkor and their sibling controls 

showed significantly higher verbal and full-scale inblligence 

scores wh,m com;:rnred with late-onset kwashiorkar subjects and their 

siblings. (The differences held for both the subjects and their 

sibling controls). In the present study the kwashiorkor group was 
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a predominahtly 1late-onset' sample: the early-onset sample in the 

previous study a6hievad a verbal level even higher than that of the 

present fed group. It seems apparent that the intervention of active 

rehabilitation of even rudimentary proportions :nay pro:i1ote an ap-

preciable ccJmpensatory effect. The implication appears to be that 

early adversity of short duration was more successfully overcome 

thari prolonged (later) adversity. The present results suggest that 
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the verbal deficit in the l<washicn:kor group Ernd ·its control group 

has at least partially been compensated for by 6 years of schooling. 

If this 1catch-up 1 phenomenon is opsreting 1 it is anticipated that 

the fed control group (which at present ranks J.owest on verbal 

score) will progress to at least tho level of the l<washiorkor and 

kwD3hiorkor control groups. On this b2sis it also seems reasonable 

to assume that the difference botrneen the fed group and the fed 

control group might have been greater at an earlier age than at 

present. ~lternatively, the fed group may maintain its advantage, 

. and these proposals will need to be ~e-tested in about 3 years 

time. 

A review by Clarke (1958) and the observations of Kagan 

(1972) have demonstrated that the effects of stimulus deprivation 

and restriction in infancy are by no means permanent or lrnmutable. 

The effects of early experience, positive or negative, will fade 

unless they are reinforced, In a recent preliminary report of an 

on-going study □ f rehabilitation of malnourished children in Beirut, 

a relatively stimulatin~ environment increased the DQ of children 

compared with those rehabilitated in a conventional hospital en­

vironment (Yal<tin and Mclaren, 1970; 1971). Of all the sub-scales 

measured the least improvement occurred in speech and language 

functions. The gains however were not maintained after the children 

returned to their usual 'home environment. These findings are par­

ticulorly relevant to the present. study because of the reversal of 

the independent vari2ble: in the Beirut study both groups received 

equivalent nutritional rehabilitation but only the experimental 

was exposed to additional ei1vironmentcJl stimulation, In contrast 

the fed and fed control groups in the present stu~y received equi­

valent environmental stifiluloti on but onJy the experimental group 
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receivad addition~l nutritioncl supplamsntation~ The Beirut 

results confirm our findin~s in thct in both studies environmental 

stimulation elevatad the non-verbcl scores. The rslativ8 lack of 

spe~ch and languaQe in the ~eirut study contrasts sharply with the 

mark verbal elevation in the present study. If we discount the 

nutritional factor, the circumstantial evidence suggests that early 

stimulation and medical care have a beneficial effect on non-verbal 
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functions, whereas later stimulation has a more selectively positive 

effect on verbal fun~tions. 

In contradiction it could be argued that th~ fed group's 

increment in verbal score is due to a closer mother/child inter­

action at an earlier age. Be this as it may , it is also reason­

ably likely that thi~ improved relcti □ nship w~s determined at least 

in part by the child. As Rutter and co-authors· (1964) point out, 

environmental influences are to some extent shaped and modified 

by the child, The mothers frequently commented during the feeding 

program on the differences in alertn~ss and brightness between the 

fed infant and their other children. Even allowing for substantial 

Hawthorne effect and the possibility of the moth~r feeding back the 

~ppropriate exp~ctations to tho investigator it seeGs reasonable 

to postulate that the fed child was less disabled by apathy, and 

therefore moro able to contribut.e to the mothsr/child feed-bc:ck 

eye.le. Even if thecbser.ved improve~;en L in verbal scores is accoun-

ted for on a b □ sis of sti~ulation or sscondary interpersonal g□ ins, 

this was still partly dependent on ~utritional improvement, and 

the benefits can therefore be attributed to nutritional factors 

indirectly, if not directly. 



As an alternative it could be suggested thcit the non-verbal 

and, more especially, the verbal scores of the fed control group 

have undergone a more rapid 1fading 1 process than in the fed group. 

Again, however, it would seem to be a reasonable assumption that 

better nutrition in thB fed group promoted a stabilising effect. 

Whatever the interpretation, it seems clear that the children of 

the fed gI".Jup gained an apprecfable 'head-start I over their under­

nourished siblings. 

Significantly high positive correlations in a matrix combin­

ing the fGd grCJup and the sibling control group (Table 71) between 

an arbitrary food index assigned to each group and the score attain­

ed by each child on the Vocabulary and Pattern Completion sub-tests, 

and almost significant Comprehension and Verbal Reasoning sub-tests, 

suggest that conc8ptual reasoni~g and learning (Leval II) as opposed· 

to associstive leerning (Level I) may indeed be related to nutrition~ 

al factors. This would sugg~st th3t nutrition plays a role in 

• Jensen I s finding that thes·e • tw:J levels of functioning are related 

to socio-economic status rather than to gsnetic factors. That 

nutri ti anal .factors may be important in determining func ti anal 

Levels I and II has important relevance to Jensen's belief that 

diffarent neural structures underly these two different functional 

levels. Perhaps the full significance of nutritional factors has 

been overlooked by Jensen. 

!n spite.of the qualitative functional differences described 

in termt of these two levels, in the present study ho significant 

inter-group differences were found in degree of sub-test scatter, 

to be the most reliable index of 1brain damage' (Toble 28). 
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The absence of a significantly high sub-test sca~ter indicated 

by stan.dard deviation of sub-test scores) in any of the four groups, 

together with the findings that the four groups did not differ 

significantly on the BendGr Gestalt Test indicates that the ob­

served intelligence score differences does not support 'brain 

1 as the underlying f3ctor in these differences. H □w~ver 

a high standard deviation on Bender Gestalt test scores in the 

kwashiorkor group must be noted (Table 36), suggesting a higher 

variability in perceptual motor functioning within this ~1roup· 

when compared with the other three groups, in spite of tho fact 

that this group hsd a significantly higher mean age, 

The application of the tr&di lion.al verbal/nan-verbal dichotomy 

to the sam~le of children used in this study is probably of limited 

validity and reliability. A number of the sub-tests included in 

the ~SAIS are unsuitable in concent for this socio~cultural popu­

letian, and their use was therefore inappropric:te. It was decided 

·however not to omit the more culturo-~ound tests. The application 

of these tests to this group was J!ilstified, firstly, in orc!er to. 

allow for compcrison of the results with those obtained by Stach 

and Smythe (1968) on a different sample of undernourished and con­

trol children and secondly, so as not to interfere with the inter­

nal structure of the Scale. The mean differences between the 

groups an each sub-test (Table 27) indicate that the more 

dent a sub-test is ·an socio-cultural or scholastic experience, 

the less it discriminetes between the four groups. Thus equi valrmt 

scores with no significsnt inter-group differences were found on 

Arithmetic, Meraary, Absurdities, and Form Board sub-tests, 
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Jensen (1969) observed ~ifferences in learning ahd problsrn solving 

ability in chil~ren rel3ted to socio-economic status. On tests 

involving associd iv e lGarning ability (Level I), children f ram 

low and middh1- socio-oconoinic groups perform equally well, and 

performancr, is inde;Jendent of IQ. However in tasks in110J.ving 

£22£§:Ptu::,l le::irning and p roblem-so1ving abU.i ty (Level II), large 

social· clc:ss differences show up: the children of middle socio­

economic group show a significantly higher level of parformance. 

Bearing tihiis in mind :i.t is striking that· the fed group in this 

stud>' shouieci significantly higher scores on all of the sub-tests 

involvinl) conceptual leerning or problem-solving ability when 

compared with its control group, viz. Vocabulary, Verbal Reason-

ing and Pattern Compl□ tion. e 9 presents the means for the 

four groupa on the nine NSAIS sub~tests when placed in rank order 

according b t.hG degree of abstraction required. The tendency is 

also present in the Comprehension sub- t which is less abstract 

and more concrete than the Verbal Re8s □ning snd Pattern Completion 

sub-tests. The. Pattern Completion sub-test i;Jas the only non-verbal 

sub-test which discriminat~d between fed and control groups: it is 

the only non-verbal sub-test in wJ:iich the child is re qui red to con­

tribute something which he is not given. Availability □ f cues is . 
reduced and it the~efore differs considerably in the ree of ab-

straction required from the Block Design sub-test in which all the 

elements required ·for the correct solution arc provided in concreta 

form, and h8ve only to be manipulated correctly. The same applies 
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to the Form Board sub-test which, in addition includes a temperament 

factor on an inhibition-impulsiveness continuum. On this sub-test 



the fed group and both the sibling control groups performed at a 

comparable level so th:::it the kwashiorkor group 1s performanca was 

significantly lower. The kuiashiorkor control grnup had an inter­

mediate position, and the trend in this sub-tast parallels that 

found for the total non-verbal scores (Figures 8 and 9). A study 

by Pedersen and Wender (~uoted by Kagan, 1970) demonstrated that a 

child's performance on the Block Design, Picture Completion, and 

maze sub-tests of the WISC was ted to his earlier social be-

haviour on four clusters:- physical contact with adults, seeking 

attention from adults, oral behaviour, and sustained involvement 

in a play sequence with objects. Children who sought physical 

contact and attention cid poorly on the performance tests, u;hile 
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the children who di splayed sustained involvement with tho toys did 

well on the performance tests, Children who sought physical contact 

were more likely to use relational (i.e. Level.I, associative) con­

cepts of a sorting test, whereas the subjects who becam0 more in-. 

•. valved in play showed a preferred use of categoricol (i.e. Level II, 

conceptual) concepts. In the present study the Block Design sub-test 

also reflects a pattern of the means for the total non-verbal scores; 

the fed group differed significantly from both the kwashiorko r group 

and the kwashicrkor ·control group, and the two control groups show­

ed an almost significant difference (Table 27 ) . 

A report on a study of malnutrition and reasoning ability in 

Zambian school-children has just coma to hand (Fisher et al., 1972). 

The authors compared the performance of 74 children who had befm 

malnourished dur the first 2_ years of life with 143 control 

children on two non-verbal tests of general reasoning ability. 
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Although the authors do not provide 8n>1 statistical ana.1.ysis, 

their graphs show clear-cut rjifferences between the two groups 

on both tests. It appears from the graphs that the differences 

onlj' become apparent after the age of 12 - 13 ysars, a finding 

which probably c;:m be e:,-:plained by the ontogenetic developmental 

sBquence of reasoning ability from concrete (Level I) to abstract 

(Level II). The results of this study on Zambion children to­

gether with the results of the present study on Cape Coloured· 

children are in accordance with Witkop 1s (1967) expectation that 

the type of intellectual retardation found in m2lnourished chil­

dren may have specific identifiable features similar to the mental 

retardation resulting from. phenylketonuria and histidinemia, and 

189 

suggests a promising avenue for nel!J research as well as re-analysis 

of previous findings. 

The analysis of the sub-test scores in the present study in 

terms of abstract versus associative functions helps to interprete 

the apparent inconsistencies in the sub-scale scores when it is 

recognised that abstract-conceptual functions contribute far more 

strongly to the so-called 'verbal' score than tJ the 'non-verbal' 

score. 

The ck of signific3nt differences between the four groups 

on mean Harris drawing score suggests that the differences between 

the four groups in intellectual functioning is a quanti tGtive rather. 

than a qualitative one. Doth corre~tion drawing scores occurred 

between the fed control group and the other three groups, and this 

finding combined with the finding that in the fed control group the 

Harris score did not correlate at a significantly high level with 



verbal and non-verbal intelligence scores suggests a possibility 

that this group could show a greater degree of emotional distur­

bance than the other three groups. However this postulate is not 

borne out by the ratings of Machover conflict indicators, the 

means of which showed no significant difforencss for th~ four 

groups. These findings are contrary to those found in the previous 

study in which a significantly lower Harris score in the kwashior­

kor group was associated with a g re<'.lter degree of emotional inter­

ference in cognitive functioning in the kwashiorkor group compared 

with its sibling control group. 

The findings on the Bender·Gestalt and Harris Drawing Tests 
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are i~ agreement with Dobbing's (1972, 1972a) asserti □n that the 

effects of malnutrition during the vulne:rable period of brain growth 

are qualitatively different from the results of tissue destruction 

or of the focal brain lesions familiar to the paedietric neurologist. 
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The results of this study have extended from the results of the 

previous study on the effect of malnutrition on inteJ.le.ctual devol-

opment in the Cape Coloured population. By combin these studies 

~reater clarity~ interpretatioh of the findings of both has been 

achieved, The results cian also be meaningfully related to work 

in other parts of the world ng with the development of intel-

ence and speci fie ally with tho influence of nutritional and 

other envirohmantal variables on intellectual development. 

Tho resuJ.ts i.ndicete that mzlnuhition h:3s a significant ✓ 

detrimental effect on intellectual development~ There appears to 

be a specific effect on theemergence of higher order, abstract­

conceptu2l learning and reasoning processes in contrast to lower 

order, associative processes. It is possible that functional 

alterations in biochemical or enzymatic processes may provide the 

madiEting link between the nutritional deprivation end the cogni­

tive deficit. Al though the effect of early envi rownenta 1 stimu­

lation on ~ntollectual development cannot be excluded in this study, 

the rnsults indicate that nutrition eer se has a significant effect 

on intellectual development. ~edical iupervision and social super­

vision however are also important factors, the effect of which was 

amplified by improved nutrition. It seerr,s reasonable to conclude 

that adequate nutrition during first two years of life enabled 

the children in this study to fulfil to a greater degree the func­

tional intellectual developmental level s0t by their genetic endow­

ment.· Although the adverse effects of early nutritional deprivation 

tended to be at loast partially compensated for in time, and school 

experience promoted some 1catch-up 1 in intell~ctual development, 
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the chronically malnourished children remained inferior to their 

fed siblings at the age of testing; this, in spito of the fact 

that subsequent poor nutrition llJ s caused the fed children to lose 

their substantial eGrly gain i.n physico l dove lop men t. The intellec-

tual 1head-start 1 given them by adequate early nutrition has been 

maintained, even thaugh they are at present no different physically 

from their siblings. 



j 

l 
1. 
j 

l 
t 
I 

i 
1 

I 
!. 

REFERENCES 



REFERENCES 

Alleyne, G.A.O., Halliday, D, & Waterlow, J.C. (1969) Chemical composition of 
organs of children who died from malnutrition. Brit. J. Nutr., 23: 783. 

Altman, J. (1971) Nutritional deprivation and neural development. In Sterman, M.B., 
McGinty, D.J. & Adinolfi, A.M. eds. Brain development and behaviour, 
N.Y.: Academic Press, 1971. 

Anderson, J.E. & Smith,A.H. (1926) J. Comp. Physio1. Psychol., 6:337. 

Bak.win, H. (1946) Emotional deprivation in infants. J. Pediat., 35: 412. 

Barnes, R.H. (1967) Experimental animal approaches to the study of early 
malnutrition and mental development. Fed. Proc., 26:144. 

Barnes, R.H. & Fraukova, S. (1967) Effect of malnutrition in early 1 on 
avoidance conditioning behaviour of adult rats. J. Nutr., 96:485. 

Barnes, R.H. & Frauk6va, S. (1969) Behavioural traits in rats resulting from early 
nutritional deprivation. Nutr. Rev., 2_7:265. 

Bennett, E.L., Rosenzweig, M.R. & Diamond, M.C. (1969) Rat brain: effects of 
environmental enrichment on wet and dry weights. Science, 163:825. 

Berhardt, K.S. (1936) J. Comp~ Physiol. Psychol., 22:269. 

Bevan, W. & Freeman, I.O. (1952) Some effects of an ammino acid deficiency upon 
the performance of albino rats in a simple maze. J. Genet. Psychol., 80:75. 

Birch, H.G. (Ed.), Brain damage in children: its biological a:.nd social aspects. 
Baltimore: Williams & Wilkins, 1964. 

· Birch, H.G. (1970) Introductory remarks, _Symposium: Nutrition, growth, and 
·mental development. Amer. J. Dis. Childh., 120:395. 

Birch, H.G. (1972) Malnutrition, learning and intelligence. Amer. J. Publ. Hlth., 
62:773. 

Botha-Antoun, E., Babayan, S. & Harfouche, J.K. (1968) Intellectual development 
relating to nutritional status. J. Trop. Pediat .. , 14:112. 

Bridger, W.H. (1970) In Perception and its disorders. Res. Publ. Assn. res. Nerv. 
Mount. Dis., 48:255. 

Brock, J.F. Recent advances in human nutrition. London: Churchill, 1961. 

Brown, R.E. (1965) Decreased brain weight in malnutrition and its implications. 
E. Afr . Med. J . , 11 : 584 . 

Cabak, V. & Najdanvic, R. (1965) Effect of undernutrition in early life on 
physical and mental development. Arch. Dis. Childh., 40:532. 



. . 
I 

Canosa, C.A. (1971) Malnutrition and mental development: Paper read at XIIIth 
,International Congress of Pediatrics, Vienna, 1971. 

Champakam, S. & Srikantia, S.G. & Gopalan, C. (1968) Kwashiorkor and mental 
development. Amer. J. clin. Nutr., 21:844. 

Chase, H.P., Dorsey, J. & McKhann, G.M. (1967) The effect of malnutrition on 
the synthesis of myelin lipid. Paediatrics, 40:551. 

Chase, H.P., Lindsley, W.F.B. & O'Brien, D. (1969) Undernutrition and cerebellar 
development. Nature, 221:554 

Chase, H.P. & Martin, H.P. (1970) Undernutrition and child develop~ent. New 
Engl. J. Med., 282:933. 

Cheek, D.B., Graystout, J.E. & Rowe, R.D. (1969) Regional effects of under­
nutrition in rat brain. Amer. J. Physiol., 217:642 . 

Chow, B.F. & Lee, C.J. (1972) Perinatal undernutrition, postnatal growth, and 
pituitary growth hormone. Nutr. Rev., 30:141, 

Clarke, A,D,B. (1968) Learning and human development. Brit. J. Psychiat., 114:1061. 

Cobos, F. (1972) Malnutrition and mental retardation: conceptual issues. 
In Lipids, malnutrition and the developing brain, Ciba Symposium. 

Cooper, R.M. & Zubek, J.P.- (1958) Effects of enriched and restricted early 
envirorm1ents on the learning ability of bright and dull rats. 
Canad. J. Psychol., 12:159. 

Coursin, D.B. (1967) Relation of nutrition to CNS development and function. 
Fed. Proc. -26:134. 

Cowley, J.J. & Griesel, R.D. (1959) Some effects of a low protein diet on a 
first filial generation of white rats. J. Genet. Psychol., 95:187. 

Cowley, J.J. & Griesel, R.D. (1963) The development of a second-generation low 
protein rats. J. Genet. Psychol., 103:233. 

Cravioto, J. & Robles B. (1965) Evolution of adaptive and motor behaviour 
during rehabilitation from kwashiorkor. Amer. J. Orthopsychiat., 35:449 

Cravioto, J. (1966) Malnutrition and behavioural development in the preschool 
child. Courrier, 16:17. 

Cravioto, J., Delicardie, E.R, & Birch, H.G. (1966) Nutrition, growth and 
neurointegrative development: an experimental and ecological study. 
Paediatrics, 38: Suppl. No.2,(II), 319. 

Cravioto, J. & Delcardie, E.R. (1970) Mental performance in school age children: 
findings after recovery from early severe malnutrition. Amer. J. Dis. Childh., 
120:404. 

Culley, W.J. & Lineberger, R.O. (1968) Effect of undernutrition on the size and 
composition of the rat brain. J. Nutr., 96:375. 



' i 
•i 

Davies, P.A. & Davis J.P. (1971) Brain growth and prematurity. Nutr. Rev. 
29:162. 

Dickerson, J.W.T. & Walmsley, A.L. (1967) Effect of post weaning nutritional 
restriction and rehabilitation on brain growth in rats. Brain, 90:897. 

Dabbing, J. & Widdowson, E.M. (1965) The effect of undernutrition and 
subsequent rehabilitation on myelination of rat brain as: measured 
by its composition. Brain, 88:357. 

I 

Dabbing, J. (1968) In A.M. Davison & J. Dobbing, eds. Applied Neurochemistry, 
Philadelphia:Davis 1968. 

Dobbing, J. (1970) Undernutrition and the developing brain: relevance of animal 
models to the human problem. Amer. J. Dis. Childh,, 120:411. 

Dabbing, J. (1972) Vulnerable periods of brain developmenf, In Lipids, 
Malnutrition and the Developing Brain, Ciba Symposium. 

Dobbing, J. (1972a) Personal Communication. 

Donaldson, R.H. (1911) J. Comp. Neurol., 21:139. 

Engel, G.L., Reichsman, F. & Segal, H.L. Psychosomat. Med., 18:374. 

Engel, R. (1956) Abnonnal brain wave patterns in kwashiorkor. Electroenceph. 
Clin. Neurophysiol., 8:489. 

Evans, D.E. (1969) Unpublished M.A. thesis, Dept. of Psychol.ogy, University of 
Cape Town. 

Evans, D.E., Moodie, A.D. & Hansen, J .D.L, (1971) Kwashiorkor and intellectual 
development: a ten year follow-up study. S. Afr. Med. J., 45:1413, 

Eysenck, H.J. (1971) Race, intelligence and education, London: Temple Smith, 1971. 

Fish, I. & Winick, M. (1969) Cellular growth in various regions of the developing rat 
brain. Paediat. Res., 3:407. 

Fisher, M.M., Killcross, M.C., Simonsson, M. & Elgie, K.A. (1972) Malnutrition and 
reasoning ability in Zambian school-children. Trans. Roy. Soc. Trop. Med. Hyg. 
66; 471. 

Fishman, M.A. Prensky, Dodge, P.R. (1969) Low content of cerebral lipids 1.n infants 
suffering from malnutrition. Nature, 221:552. 

Flewrier, L.B., Stellar, E., de la Haba, G. (1962) Inhibition of protein synthesis 
in brain and learning and memory following puromycin~ J, Neurochem., 
9:595. 

Fraukova, S. (.1970) Behavioural activity of overnourished and undernourished rats. 
Nutrition Metab., 12:228. 

Garrow, J. S. & Pike, M.C. (1967) Long-term prognosis of severe infantile mal­
nutrition. Lancet, 1:1,1967. 



Geber, M. & Dean, R.F.A. (1956) The psychological changes accompanying 
kwashiorkor. Courrier, .6:3. 

Gopalan, C. (1968) Kwashiorkor and marasmus: evolution and distinguishing 
features. In Mccance, R.A. & Widdowson, E.M., eds,, 1968. 

Gordon, M.W. & Deanin, G.G. (1968) Mitochondria and lysosomes: A proposal 
on the protein nutr:ition of the synapse .. .±;!. Scrumshaw, N.S. & 
Gordon, J.E., eds., 1968. 

Granoff, D.M. (1969) Malnutrition in infancy and brain development. J. Paediat., 
75:732. 

Griffiths, W.J. & Senter, R.J. (1954) J. Comp. Physiol. Psychol., 47:41. 

Guthrie, H.A. & Brown, M.L. (1968) Rat brain cholesterol following early 
dietary restriction and rehabilitation. J. Nutr., 94:419. 

Hansen, J .D.L. (1968) Features and treatment of kwashiorkor at the· Cape. 
In Mccance~ •R.A. & Widdowson, E,M., eds., 1968. 

Harris, Dale B., Children's drawings as measures of intellectual maturity. 
N.Y.: Harcourt, Brace & World, 1963. 

Hegsted, D.M,, (1972) Deprivation syndrome or protein-calorie malnutrition. 
Nutr. Rev., 30:15. 

Henderson, N.D. (1970) Brain weight increases resulting from environmental 
enriclnnent: a directional dominance in mice. Science, 169:776 .. 

Herschkowitz, N. & Rossi, E. (1972) Critical periods in brain development. 
InLipids, malnutrition and the developing brain .. Ciba Symposium, 
Amsterdam: Elsevier, 1912. 

Hertzig, M.E., Birch, H.G., Richardson, S.A. & Tizzard, J. (1972) Intellectual 
• levels of school children severely malnourished during the first two 

years of life. Paediatrics, 49; 814. 

Howard, E, & Granoff, D.M. (1968) Effect of neonatal food restriction in mice 
cin brain growth, DNA and cholesterol and on adult delayed response 
learning. J~ Nutr., 95:111. 

Jackson, C,M. (1909) On the prenatal growth of the human body and the relative 
growth of the various organs and parts. Amer. J. An.at., 9;117; 

Jackson, C.M, & Stewart, C.A. (1920) Effects of inanition in the young upon 
ultimate size of the body and of the various organs in the albino 
rat. J. Exp. Zool., 30:97. 

Jensen, A.R. (1969) How much can we boost IQ and scholastic achi~vement? 
• ·In ·Environment, heredity and intelligence. Harvard Educational 

Review, Reprint Series No.2, Cambridge, Mass: 1969, 

Kagan~ J .. (1970} Biological aspects of inhibition systems~ In Hudson, L.ed. 1 

• Ecologyof human intelligence. Harmondsworth; Penguin, 1970. 



Kagan: J, (1972) Saturday Review, March. 

Karrer, R. & Cahilly, G. (1965) Psychol. Bull., 64:52. 

Kirk, Roger E. Experimental design; procedures for the behavioural scientists. 
Belmont, California: Brooks Cole, 1968. 

Klein, R.E., Habicht, J.P. & Yarbrough, C. (1971) Effects of protein-calorie 
malnutrition on mental development. Advanc. Pediat., 18:75. 

Klein, R.E. et al.(1972) Cross-cultural evaluation of human intelligence 
In Lipids, malnutrition and the developing brain. Ciba Symposium, Amsterdam, 
Elsevier, 1972. 

Kugelmass, I.N., Poul 1, L.E. & Samuel, E.L. (1944) Nutritional improvement of 
child mentality. Amer. J. Med. Sci., 208:631. 

Lat, J, Widdowson E.M. & Mccance, R.A. (1961) Proc. Roy. Soc. Biol., 153:347. 

Levine, S. (1968) Influence of infantile stimulation on .the response to stress 
during pre-weaning development. Develop, Psychobiol., 1:1. 

Levitsky, D.A. & Barnes, R.H. (1970) Effect of early malnutrition on reaction 
of adult rats to aversive stimuli. Nature, 225:468. 

Liang, P.R., Hie, T.T., Jan, O.H. & Giok, L.T. (1967) Evaluation of mental 
development in relation to early malnutrition. Amer~·J~ Clin~ Nutr. 
20:1290. 

Machover, K. Personality projection in the drawing of the human figure. 
Springfield, Illinois: Thomas, 1948. 

McCance, R.A. (1968) In Mccance, R,A, & Widdowson, E.M., eds. Calorie deficiencies 
and protein deficiencies, Lond.on: Churchill, 1968. 

MBnckeberg, F. (1968) Effect of early marasmic malnutrition on subsequent 
physical and psychological development. In Scrimshaw, N.S. & 
Gordon, J.E., eds. 1968. -

M8nckeberg, F,, et al., (1972) Malnutrition and mental development, Amer, J. 
• clin. Nutr., 25:766. 

Montagu, A. (1971) Sociogenetic brain damage. Develop, Med. Child .. Neurol., 
• 13;597, 

Moodie, A.D. Keet, M.P., Evans, D.E., Wittman, W. & Hansen, J.D.L, (1971) 
Environmental stress and the underprivileged child: kwashiorkor in 
perspective.· Ecology of food and nutrition, 1:95 

Moodie, A.D. et al., (1973) S~ Afr~ J. Sci., in press 

Naeye, R.L. et al., (1969) Urban poverty: effects on perinatal nutrition. 
Science, 166:1026. 

Na_eye, R.L. (1970) Undernutrition, growth··and-·development. New Engl. J~ Med.,·282:975. 



I 
I 

Nelson, G,K. (1959) The electroencephalogram in kwashiorkor. Electroenceph. clin. 
Neurophxsiol., 11: 73. 

Nelson, G.K. (1963) Electroencephalographic seque1ae of kwashiorkor, 
Paper presented at the Central African Scientific and Medical 
Congress, Lusaka, 1963. 

Nelson, M.M. & Evans, H.M. (1953) Effect of nutritional deprivation during 
gestation on offspring. j_ Nutr. 51:71. 

Nutr. Rev., (1969), 27:46. Editorial article. Mental development following 
kwashiorkor. 

Nutr. Rev., (1970), 28:36. Editorial article. Emotional deprivation and 
growth failure. 

Nutr. Rev., (1971), 29:31. Editorial article. Behavioural development during 
recover from nutritional marasmus. 

Nutr. Rev., (1971), 29:190. Editorial article. Overnutrition and brain function. 

Nutr, Rev., (1972), 30:141. Editorial article, Prenatal undernutrition, 
postnatal growth, and pituitary growth hormone. 

Patterson, D.G. (1930) Physique and intellect. N.Y.: App1eton.-Century-Crof:ts, 1930. 

Pilgrim, F.J., Zabarenko, L.M. & Patton, R.A. (1951) J. Comp. Physiol. Psychol,, 
44:26. 

Powell, G.F., Brasel, J .A. & ,Blizzard, R ,M. (1967) Emotional deprivation and 
growth retardation simulating idiopathic hypopituitarism. New Engl. J . 

• Med, 276:1271. 

Rosenzweig, M.R., Krech, D, Bennett, E,L. & Diamond, M.G. Modifying brain 
chemistry and anatomy by enrichment or impoverishment of experience. 
In Newton, G. & Levin, S. eds.; Early experience and behaviour, 
Springfield, Illinois: Thomas, 1969. 

Rutler, M. et al., (1964) Temperamental characteristics in infancy and later 
development of behavioural disorders. Brit. J~ Psychiat., 110:651. 

Scrimshaw, N.S. & Gordon, J.E. eds,, Malnutrition; learning artd behaviour, 
Camhridge, Mass.: M.l.T., 1968. 

Senn, M.J .E. (1961) Role of the senses in early parent.,..child relationships; .. 
a review. Quart, Rev~ Pediat., 16;71. 

Stewart, R.J.C. & Platt, B.S. (l968} Nervous system damage in experimental 
protein.,..calorie deficiency.In Scrimshaw, N.S. & Gordon,J.E. eds., 
1968. 

Stach, M.B. & Smythe, P.M. (1963) Does undernutrition in infancy inhibit brain 
growth and subsequent intellectual development? Arch~ Dis. Childh,, 
38:546. 

Stoch, M.B. & Smythe, P.M. (196J) The effect of undernutrition during infancy on 
subsequent brain growth aud intellectual development.·s~ Afr~ Med~ f. 1 
41:1027. 



Stach, M. B. & Smythe, P .M. (1968) Undermtrition during infancy and subsequent 
brain growth and intellectual development. In Scrimshaw, N.S. & 
Grodon, J.E. eds., 1968. -

Talbot, (1963) Paediatrics, 31: 909 .. 

Tanner, J.M. (1966) Galtonian engenics and the study of growth: the 
relationship of body size, intelligence test score, and social 
circumstances in children and adults. Eugen. Rev., 58:122. 

~hompson, W.R. & Heron, W. (1954) The effects of restricting early 
experience on the problem solving capacity ·of dogs. Canad. J. Ps;r:chol., 
8: 17. 

Thomson, A. (1970) The evaluation of growth patterns. Amer. J~ Dis. Childh., 
120:398. 

Trowell, H.C., Davies, J .N .P. & Dean, R .. E.A. Kwashiorkor, London:Arnold 1954. 

Venkatachalam, P.S. & Ramanathan, K.S. (1964) Effect of protein restriction 
during gestation. J. Nutr., 84:53. 

• Vitale, J .J. et al., (1970) Effects of medica.l care (MC) and food supplements 
(FS) on growth, mental development, mortality and morbidity~ Fed. Proc., 
29:496. 

Waterlow, .J.C., Cravioto, J. & Stephen, J.M.L. (1960) Protein malnutrition in 
man: clinic-al and social aspects. Advartc~ Prat. Chem., 15:138. 

We er, F, & Wiss, 'O. (1963) Zoo. l?hysiol. Chem. 331;124. 

Whitten, C .F., Pettit, M.G. & Fischoff, J. (1969) • J ~ Am. Med. Assn,, 209: 16] 5. 

Widdowson, E.M, Dickerson, J. W. & Mccance, R.A. (1960) Severe undernutrition 
in growing and adult animals. Brit. J, Nutr., 4:457 .. 

Wigglesworth, J.S. (1969} Malnutrition and Brain development. ~op~ Med. 
child. Neural., 11:792. 

Winick, M, & Noble, A~ (1966) Cellular response in the rat during malnutrition at 
various ages. J ~ Nutr., 89 :300, 

Winick, M. & Noble. A. (1967) Cellular response with increased feeding in neo­
natal rats .. J. Nutr., 91: 179. 

Winick, M, Fish, I. & Rosso, P. (1968) Cellular recovery in rat tissues 
after a brief period of neonatal malnutrition. J. Nutr., 95; 623. 

Winick, M. (1969) J. Paediat. 74;667. 

Winick, M. & Rosso, P. (19691 Effects of severe early malnutrition on cellular 
growth of the human brain. '.Paedia.L Res., 3: 181. 

Winick, M •. (1970) Nutrition and mental development. ·Med~ Clin~ N~ Amer., 54:1413 . 

. Winick, M. et al., (1973) Effects of prenatal nutrition upon pregnancy risk. 
Clin~ Obstets. Gynae., 16:184. 



Witkop, C.J. (1967) Genetics and nutrition. Fed. Proc., 26: 148. 

Yaktin, U.S. & McLaren, D.S. (1970) Behavioural development during recovery 
from nutritional marasmus. J. Ment. Defic. Res., 14:25. 

Yaktin, U.S. et al., (1971) Effect of undernutrition in early life on subsequent 
behavioural development. Paper read at XIIIth International Congress of 
Pediatrics, Vienna, 1971. 

Yarrow, L.J. (1961).Maternal deprivation: toward an empirical and conceptual 
re-evalultion. Psycho!. Bull., 58:459. 

Zamenhof, S. van Marthena, E. & Margolis, F.L. (1968) DNA (celLnuinber) and 
protein in neonatal brain: alteration by maternal dietary protein 
restriction. Science, 160:322. 

Zeman, F .J. & Stanbrough, E.C. (1969) Effect of maternal protein deficiency on 
cellular development in the fetal rat. J. Nutr., 99:274. 



APP~NDIX I 

RAW DATA 



T88LE 56 RAUJ DATA FOR AGE Ai\iD SOCIAL Vi1RIP.ElLES 

' 
Far.l. No. in 

Position in Present Age Age Tested NSAIS Birth 10urat. .£\ge Stu rt, Age Stop, 
Du rat. 

Age 
(yrs) (yrs) lsreast (r.1ths) ' (y-rs) rnsr sibship UJght ! Adm. 

j\JO. :sibship \ Fed 
(Lbs.oz) Fed (yrs) • Hop. 

I< SI< SF F I< SI< SF \. F K SK SF F 
j (mths) 

F SF t F SF 
(yrs) 

', 

l 31.5 13 2 3 6 8 15.6 14.3 13.1 9.61 15. 6, 14.3 13 .1 • 9.6 6-11 5 0 '< t;: _.,.,.,, 2.4 5.9 2.4 1.6 
2 30.0 17 8 7 1 13 14 ,16.0 16. 75 11.3 10.0 11.8 12.5 11.3 10. 0 · 7-11 10 10 1.3 l 

3,5· 5.6 3.5 1.5 
3 I 4 '7 ,O 18 .11 10 17 18 17.2 18. 3 • g .6' 8.4 12 .3 , 13 .4 9.6 8.4, 7-8 1 0 1.2 2.0 3.2 2.0 2. 75 

i 
4 29.0 16 ,, 6 ' 5 11 12 18.7 19 .5 ' 10.0 8.25 13. 8; 14.3 10.0 8.25 7-0 2 0 1. 75; 1.9 3.65 1.J 4 r, 

' 
♦ U 

i 7 15. 75 14. 75 ' 11.0 
! 

5 ~ ,.., C: 12 4 5 8 9.8 8.5 : 10.0 9~ 8 8.5 7-12 2 0 1.3 2.1 3.4 2.1 2. 75 j.:J. CJ I 

' i 9. 75 6 42,5· 8 ·I l 2 5 6 15.75 14.2 10.7 15.75 H.2 10. 7 9.75 7-8 6 6 I 1. 75, 3.0 l;. 75 3.0 2.25 
I 

7 22.5, 7 j 4 5 6 7 ll, .2 12. 9 • 10. 75 B. 7, 14 .2 ; 12 .9 10. 75 8.7 6-8 2 ,0 ! 2. 05 ! 

~ :~1· 4,25 2.2 2.2 l 

' o l 8 41.5: .7 2 1 4 5 15.7 17.0 ll.0 9. 0 ; 13.4 j 11.5 l 11.D' 9 .o: 7-0 6 2.0 4.4 2,4 1.3 
9 '66.o\ 6 2 3 5 6 16.5 10 .4 8. 9 ' 11.9 j' 9, 6 I 10.4: 8. 9; 5-13 3 0 

'! 
1.5 2.5 l, • 0 ' 2.5 2.25 14.3 I 

10 c. G ! 11 5 6 9 10 15.7 13.5 : 10.6: 8. 6 • 10.9 5.9 10.6 8. 6' 6-0 3 0 I 2.0 2.2 2.25 2.25 2.5 · ~ .Q l 

ll 45.Si 15 '9 llJ 12 ~ J. 3 15.3 13. 7, 10 .1. 8.25 15. 3 l 13. 7 ; 10.1 8. 9-13 0 0 J.85 l.7S 3.6 1.75 1.2 
12 ', i 

15 10 '11 14 ~15 15.4 9.9 8.9 10. 31 8.75 9.9 tl.9 6-12 0 0 1.0 2 - I 0.8 · 21.5, 12. B . 3.5 2.5 I ' - ' I • :J 
13 66.0l 13 5 ' 10 ,11 15.4 12.4 l 8. 6 · 15.4 l - I 12.4 8. 6; 5-0 3 0 I 3:s 2.25 6,05 2.25 1.75 

! t; - ~ 3 7 ; 14. 75, 9.2 I g .2' 7-0 2.9\ 2.4 14 11 2 - 17.l 1L31 12.15: 4 4 I 2.9 1 5- • :J I 1 - ! - -
I ; 

I I ' 



TABLE 57 

INDEX OF SIBSHIP 

Fam. No, l<U/ASH SIB SIB FED 

l -9 -7 -1 +3 
2 -1 -3 +9 +11 
3 +4 +2 +16 +18 
4 -4 ! -6 +6 +8 
5 -Lt ! -2 +2 +4 ! 
6 -6 i -4 +2 +4 
7 +l ! +3 +5 +7 I. 

B -3 -5 +l +3 
9 -2 0 +4 +6 

10 -1 +l +7 +9 
11 +3 +5 +9 +11 
12 +5 +7 +13 +15 
13 -3 -1 +9 
14 - -5 -7 +3 



TABLE 58 

I NCOf,lE 

(<ff 
JO Paver~ Oa tu~ Line) 

Fam. No. 1959 1964 1969 

l 0 65 65 
2 49 26 54 
3 51 75 106 
4 40 35 ll□ 

5 32 39 48 
6 101 0 55 
7 53 66 53 
8 144 52 57 
9 ll□ 92 92 

10 47 54 139 
11 82 69 79 
12 33 49 71 
13 66 112 233 
14 98 83 57 

64.7 58.3 88.5 



TM.H.E 59 

PHY;-'i!Cl\L ..QlJA 

FArlT. 
f~O ~ 

lJ I( 

s 

EAF.LY 

AGE i..JHT ' HT 
mos 5; E:\J % Ef'J 

S 37 73.5 82.B 
F 26 92.l 84.4 

2 
5 
S 15 76.3 88.7 

~----+-s·['---+-::-r :: ~ :: : : 
/ F ?3 i 76. 5 S9.? r·----4----+-'---+-_,,,,_.~+-~!..""--+-=-L&-l 

I i 29 1
1 

• 68.5 
1 F 22 71.1 

79. 9 
s6. □ ! 

5 

6 

7 

8 

g 

K 
s 
s 
F 
I( 

s 
s 
F 
K 
s 
s 
F 
K 
s 
s 
F 
I< 
s 
s 

-.-~ 

L 11 I ~ 
s 
s 

I F 
12 K 

s ' 
s 
F 

19 
24 

21 
12 

24 
25 

29 

27 
?9 

16 
27 

16 
20 

13 
15 

57 .9 
96.2 

68.4 
85.0 

65.4 
83.2 

so.5 I 
94. 8 I 

79.2 
94,2 

90.3 
98.9 

85. 5 ,I 
90.5 

90.5 I 
91.a I 

. I 
10. 4 83. s I 
s 2.: ..... 9-1-.... 9'-'2_._s--+-

82 .6 
78.2 

74 ,4 I 
91.8 f 

75.0 I 
87.9 

89.4 
91.0 ! 

85.9 I 
90,5 t 

88.3 
' 89o4 f 

l 

. 

rnID- TERrn 

"GE 1"1-1·-n :.jJ i ! HT 
r.:os c•f EN 

: rr1 EN 1•,J I" 
27 69.8 82.8 
27 69.8 77.9 
37 73.5, 82. 8 
26 92,1 84.3 
33 94.6 82.6 
32 93.7 79.2 

. 31 77.8 86.4 
31 • 101.s 94.6 
55 67.ot 80.4 
55 71.61 80.5 
50 so .ii I 89. 3 
59 ?t1 2.J..i ~1L • ... • s I. 

66 46.0 68.9 
66 so.a 75.5 
57 70.4 81.0 
60 65.0! 79.l 
39 86. 71 82,8 
38 65.2! 79.5 
40 60.11 83.6 
39 93 .o I 95.3 
38 73.41 87.5 
ti4 62.71 80.2 
33 84, 8 • 86.8 
36 93, 0 1, 95.2 
43 90.7: 85,3 
45 73 .o ! -89.0 ' 
37 12 .o I 83.3 I 42 84. 2 t 91.l 
44 95. 7 j 93.0 
44 75 .o I 83.l 
48 s1. el 83.6 
45 89 .6 ! 91.4 
56 63 C ' 84 .6 • ;J \ 

58 71.51 33.2 
55 71.6, 83.4 
t,4 83. 7 \ 91.? 
34 77. l ! 83 .3 
.35 78.7{ 88.0 
34 83.3 ! 89.2 
35 78.1 t 87.9 
23 r 

___ ,,__,,~_,.,.... 

76.2} 83.9 
23 79 .o t 85 .1 
23 81.l I 80.5 
20 91.8}90.5 
41 . 63.4 i 74.5 

I 39 69 .5 ! 81. 8 
42 

i 
79.7 ~ 85.4 

l13 83,1187.4 
34 78.6 i 8~. 3 - -
31 82,4 J sg .2 
27 f 114.3 ! 92,9 
41 62,l 

I
i 75. 8 

41 97.B 98.4 - -
42 95.8 

r·5 

I 

PRE.SEMT 

AGE UJHT HT 
r '□~· j d DJ cf (i'I 
ii ~ /a ;10 1 ~ 

187 85,l 
I 

92.0 
172 63.2 83.7 
156 81.8 90.5 
115 66.6 81.8 
192 93.6 92.0 
201 90.5 95.3 
136 88.2 95.7 
120. 87 .1.: ~3.1 -
206 78.3 90.3 
162 80.0 92.2 
115 76.5 89.6 

__ lQ.L ?J,.7' 88..J. 
22,1 59.0 83,0 
172 41+ .1 77d 
120 61.3 82.3 
99 62.6 82,3 
189 87.7 96 .5 
177 76.9 9.'.! .9 
lJ.8 73,1 93.0 
102 78.9 94.8 -169 66.9 88.8 
170 65.7 88,2 
128 74.9 91..l 
117 89,2 9G.3 
170 81.4 92.9 
155 79.7 95.0 
129 I 81.8 89.7 

. ...l.P~' 7,bfL_ _jJO,O --l88 81. 1 9L~. 3 
211 75.9 88.4 
132 • 81.4 9].2 
108 90,7 93.2 
198 73. 8 90,7 
172 I 88.3 92.5 
125 71.2 87.0 
107 ' 84 .s 9,'.:.? 

188 l 61.6 82,4 
i62 I 82,3 91.7 
127 93.8 93.7 
103 l 76.2 89, 8 

l(O.Oo,;d_,., 

184 eo.1 

1
93. 3 

162 80.4 98.2 
121 81.4 I 86. l 

99 93.3 91.6 . 
185 69.4 87.7 
154 76,9 68.9 
119 73,2 86.2 
107 66,8 82,0 ·- -185 

I 
74 .4 89.2 

- - -
148 86.6 94.6 
102 81.7 i:7. Q 
177 77.3 86.3 
153 '94.0 98.5 - - -
110 

I 
77 .9 86.6 

I ! I 



TABLE 60 

HiTEL LI G me E SCORES 

. (Ns.q_rs - rq) 

Fam. 
VERBAL IQ NON-VERBAL IQ FULL SCALE IQ No. 

"l 
K SI< SF F K SK SF f r' K· SK SF F 

' I i • i 
' 

' 1 l 58 61 1i 93 ! 55 69 Bl 92! c52 · 61 73 92 
I. 

2 
! 75 76 65 81 I 72 88 78 85 ! 71 80 68 81 ' ! ! eal 3 I 89 72 71 91 65 71 83 76 68 74 88 

4 64 54 61 54 71 69 58 711 63 56 55 57 
5 72 74 • 51 68 76 65 80 71 i 71 67 60 66 
6 · 52 82 57 86 67. 76 81 94; 

' 
54 77 64 88 

7 75 75 67 85 64 76 80 88i 67 73 69 85 
8. 74 82 91 95 76. 78 85 95 ! 72 78 87 95 
9 91 82 72 82 80 80 87 •. 95, 84 79 76 87 

10 110 116 102 99 
I 

90 90 106 102 ' 102 105 104 101 
. 11 60 47 67 60 i 69 57 69 72; 60 46 64 61 ! 

12 71 79 74 82 ' 71 74 78 83 68 74 73 Bl ! 
971 13 62 69 86 I 74 - 72 64 68 90 

14 69 57 76 i 76 60 81: 69 54 - 76 
l i i 



TABLE 61 

f~SA IS SUB- TESTS 

1 
; • . 

I . m .....J 
m D 0. 
cc u: s . . 
w Q. D 0 :::, 
0:: u . a: L,J . . . >- en C.1 OJ D 

co a: . ::r: u: . ::-.,c 0:: 
cc 0. ro I- 0 I- LI ::J C ' . 
LI 2 a:: H 2 I- 0 tr) a::: 0 
0 D w a: w cc .....J CD 0 I-
:::, Ll :::, er.. E a.. co cc u.. (fl 

I I 
! . l 

f fed l 10 9 12 9, 7 1J. 8 7 10 1.7 l 
r 2 7 8 10 7 6 6 10 g 7 1.6 

3 8 8 13 8 8 8 11 5 10 2.3 
4 2 5 6 4 2 5 6 4 9 2.2 
5 4 8 10 6 1 7 6 6 5 2.5 
6 g 12 11 7 3 10 9 9 9 2.6 
7 7 7 11 9 7 10 9 8 .7 1.5 

! 8 11 11 10 9 7 9 11 8 9 1.li 
9 9 10 12 11 7 12 15 4 7 3.3 

I 10 10 9 13 12 7 11 10· 8 13 2,1 
' 11 4 5 9 4 1 9 6 4 6 2.5 i 
I 12 4 8 11 9 7 11 9 4 7 2.6 
l 13 9 9 11 8 5 10 13 9 7 2.3 
I 14 2 g 7 10 7 6 8 5 11 2.7 : 

Sib .F· 1 7 8 8 5 3 7 7 8 8 1.7 

! 2 3 5 10 6 .3 6 B ·9 5 2.5 
l , 3 4 5 8 9 5 8 7 4 12 2.7 

4 4 6 6 5 3 6 4 3 4 1.2 
5 2 7 2 3 2 7 10 4 8 • 2.9 
6 3 4 7 4 3 4 g 5 12 3.1 
7 4 7 9 4 4 8 10 5 6 2.3 
8 8 11 11 8 7 9 7 5 11 2.1 

·g 4 7 10 7 4 9 10 5 g 2,4 
10. 9 10 12 14 8 10 11 10 13 1.9 
11 3 6 9 7 4 4 8 Ii 7 2.2 
12 3 6 11 8 5 7 8 6 7 2.2 
13 .7 4 6 2 2 6 5 3· 4 1.8 

I 14 - - - - - - - - .. -



l 

t . . 
i m a:: 

,::,: Cl. ,· u t.=:: 
D D 

I ::::, . CJ 

-
I Kmash l 6 4 I I 2 7 7 j 
l 3 8 7 ' 

I I 4 9 7 ! 
5 6 9 

I 6 5 5 

l 7 8 7 ! 8 8 7 
9 8 9 I 10 12 10 

11 3 5 l I 12 8 6 
I I 1

,.,, 
3 6 I .J.:. 

! 
14 9 6 I -

Sib J< 1 4 7 
2 7 7 
3 7 4 
4 5 6 
5 13 4 
6 7 6 
7 7 8 

.8 8 9 
9 9 7 

10 13 11 
11 4 2 

l 12 10 6 ' j 

13 i - -
! 14 5 B 
i 

. 
U) 
<:t: 
w 
a:: . 
CD 
a: 
b.J I ::;::, l 

7 
10 

9 
5 
8 
4 t 
7 I 8 

10 I 13 
6 
9 
8 
7 

7 
9 
8 
2 
6 
8 

I 9 
10 

8 
13 

5 
7, 

-
8 

TABLE 61 
continued 

MSAIS SUB-TESI.§. 

-. 
CD 
D 
n: 
0. . >-::r:: I a: ,-... 

I 
D ...... ~:: 

0::: w. 
<:C E 

4 I 1 
4 6 
9 

I 
11 

3 3 
5 4 
4 0 
9 3 I 
5 5 
9 9 

13 11 
4 5 
4 4 
8 0 
ti- 4 

5 1 
6 6 

10 3 
2 4 
7 3 

13 5 
8 2 
5 7 
9 6 

15 ·11 i 

1 2 
7 7 
- -
5 4 

-
• l ...J 

0. 
, 

E . . 
CJ 0 ::::, 
u . u: w 

(.fJ 0 ro 0 . :,,:: a: ,-... (.) ::J E . 
I- 0 IJ) 0::: 0 
ct: .J CD 0 ,-... 
Cl. CD c:C L... U1 

4 4 4 3 ! 1.7 
4 6 10 5 2.2 

i 6 6 5 4 2.2 
5 7 6 6 1.9 I 
5 9 7 6 I LB 
3 5 6 8 l 2.2 
5 4 5 6 1.9 
8 6 7 6 1.2 
7 9 7 6 1.3 
7 14 6 8 2.9 
£j. 5 8 6 1.5 
6 4 7 7 1. 8 

l 7 6 5 8 2.7 
6 7 7 7 1.6 I I I -

I 4 5 6 8 2,1 
6 9 13 6 2 .. 3 
4 17 I 5 8 2.3 
3 7 4 9 2.3 
l 7 6 7 3.4 
7 6 4 10 2.7 
6 6 7 8 2.0 
7 6 8 7 1.5 
8 7 6 ·s 1.1 

11 9 5 10 2,8 
5 5 3 3 1.5 

10 4 5 7 2.0 

- - - - -
8 7 7- 3 1.9 

--



TABLE 62 

HARRIS DRAUHNG TEST 

I 
i I 

i 

Woman Scale l 
' 

I I Total Sc□ re·j ! 
man Scz le I< SK SF f I f< SK SF F K SK j SF F l l l I 

! ! ! l I 
! J ~ '· 

~ 

I ,! i 

j l : I I ! 
l 70 75 75 80 1 82 73 ! 70 76 l ! 76 74 73 78 , 

i 2 63 97 I 87 ' 99 2 65 96 90 97 2 64 97 . 89 98 I i I I 
3 76 79 l 82 l 81 : 

3 77 78 l 84 76 .3 I 77 79 85 79 
I l ·. 4 64 93 50 ! 63 ; 4. .62 96 L19 57 4 63 95 50 60 

5 81 I 62 I 73 65 5 85 62 65 69 5 83 62 69 67 

6 60 I 6'8 67 '100 : 6 67 66 70 101 6 I 64 67 69 101 

7 58 I 77 I 58 ' 63 7 68 80 69 86 7 I 63 79 64 75 l 
l 

8. 117 i104 
; 

72 :100 8 114 105 ! 87 89 8 1116 105 80 95 ! 
l 

9 83 96 ' 74 
! 

72 9 83 90 72 82 9 93 73 77 
! I j I 03 

'102 
I 

'. 10 105 84 ' 95 I 10 94 1102 85 96 10 ~100 102 85 96 
·; i I 1 i 51 

! ! 83 11 Bl 57 81 ! 69 I 11 85 i 80 70 11 54 Bl 70 
I i 

12 100 ; 98 i 86 ' 75 I 12 107 97 i 84 76 12 
1
104 98 85 76 

l 

' 13 74 l 70 82 I 13 93 72 87 i 13 84 71 85 
' - l i I - ' 

:-

' I ' I 7L1 
'> ; 

' 14 67 67 I 78 I ltl- 81 62 8t1 i 14 65 81 
i I - I - -! l i ,! ' I l , ,. 

' ' 
! 



TABLE 63 

HARRIS DRAUJI fJG. 

TOTAL SCORES 

1968 1973 

K s I< s 

~ 
l i j l I l -

2 73 I' 78 -64 97 I 

3 82 '· 82 77 r 79 
~< 

4 66 78 l 63 95 
5 80 r 78 I, 83 62 

• ' I 6 
' I 7 1 

8 ?6 91 ' 117 104 i 
9 85 93 ' 83 93 ; 

10 108 106 100 102 
11 
12 82 78 104 . 98 
13 

. 
14 72 ' 71 

1 
• 74 65 



TABLE 64 

fnACHDVEH RATI,\JG 

fil 

DHAW-A-PERSOi\J 

CONFLICT' INDICATORS 

K s s F 

1 0 2 ➔ 0 I 0 
2 1 1 ! 0 0 
3 1 0 3 j 1 l . 

i 
4 1 1 t l l 
5 1 1 ! 0 1 ' 

l 
!· ! 1 J. 6 . 2 ! 7 0 0 I 2 2 

8 0 0 f l 2 
9 3 2 l 0 l 

10 a 0 0 0 
. 11 1 0 2 1 

12 a a a 0 
13 1 1 1 
14 0 0 0 



TABLE 65 
\ 

·l 
BEN□ Er GESTALT fEST 

RP.ill SCOHES 

KWASH 518 SIB • FED 

f~O. s 5 s s 
1 6 8 5 7 
2 11 ,2 4 9 
3 1 6 8 12 
4 6 D 13 16 
5 1 7 14 20 
6 7 2 11 9 
7 4 6 9 9 
8 D D 1 1 
9 0 ! 1 8 ,-

I 
;J 

i 10 D 2 1 11 
I 11 . J. 6 8 18 
I 12 4 ·2 3 3 I. 11 

I 

' 13 
I 

1 4 5 

1. 14 1 D 13 
! . 



l 
i 
' 

1 
l 
I 

l 

l 
f 
l 

! 
! 
: 

I 
I . 

. I 
! 

CDRREhfillON f.i'\ TRICES 



X 
w 
~ 
H 

~ 
H 
p:: 
v; 
p:i 
H 
Cl) 

SIBSHIP INDEX 
. s. IQ .29* 
ERBAL IQ . 22 
ON-VERBAL IQ .37** 

BENDER GESTALT . -. 20 
RRIS DRAWING .04 

WEIGHT-MIDTERM .30* 
IGHT-MIDTERM .38* 
IGHT-PRESENT .09 
IGHT-PRESENT -.06 

OOD INDEX . 68ic** 

•. 

TABLE 66: CORRELATION MATRIX 

O" 
H . 
U'J . 
r.,:.. 

.96*** 

.88*** 

.36** 

.54** 

.32* 

.33* 

.19 

.oo 

.35** 

ALL GROUPS COMBINED 

(df 52) . 

H 
O' ~ H 

H 
...:i Cl) 

O' ~ r,~ 
H 0 p::; 
...:i w p::; ;a > f:tj 

I ~ p::; z 
i:,::i 0 ~ > z 

. 72*** 

.38** . 21 

.SO-le* .47** .50** 

. 25 .37* .04 

. 27 .39** -.oo 

.16 .18 .os 
-.oo .oo -.07 

.22 .55** -.22 

*P<;0.05 
L** p < 0.01 

0 

~ 
~ 

~ 
0 
U) 

·H 
p::; 

i 

.18 

.16 

.14 

.04 
·-.03 · 

~ ~ E-1 t z 
µ:;j r,~ w µ;;i 
E-1 E-1 v; v; ·~ 0 ~ ~ X 

H r.:i 

f f ~ ~ @ 
E-1 E-1 E-1 ~ H 
~ p:: p:: 
0 0 0 0 § H H H H 

~ ~ ~ ~ 0 
µ., 

. 77*** 

.61** .52** 

.40** .50** .82*** 

.46** .51** .08 -.12 



O' 
H 

. 
ti) . 
µ., 

F.S. IQ -
1
VERBAL IQ . 96** 
!NON-VERBAL IQ .82** 

!
!WEIGHT-MIDTERM .09 
WEIGHT-PRESENT -.23 

!HEIGHT-MIDTERM .09 
IHE IGHT-PRESENT -.32 
jMuLT, SOC. INDEX .42 
!HARRIS DRAWING .43 
!BENDER GESTALT .54* 

TABLE 67; CORRELATION }lATRlX 

O' 
H 

~ 
P':i p:: 
µ:, 
::> 

-
.65* 
.08 

-.16 
.09 

-.26 
.33 
.36 
.47 

KWASHIORKOR GROUP 

(df 12) 

~ H 
O' z. 
H l:il i:x:t 

i:-1 ti) 

~ 
A [;] H 

f Pi p:: I 
fil ~ ~ >· I 
I C!) i 0 z H H 

0 ~ i ~ z 

-
.06 -

-.35 .66** -
.05 . 77** .39 

-.36 .66** .83** 
.54* -.13 -.23 
.47 .20 -.11 
.57* .11 .10 

r = o.46, P = 0.10 
r = 0.53, P = 0.05* 
r = 0.65, P = 0.01** 

I ~ 

~ H ~ C!) H z z z ,...:s 
r::il fil H H ~ H ti) ::s: p [;] . 

~ 
ti) 

H u r=-1 
f Pi 0 ! A 0 

I ti) ! 

!ri ~ I 
ti) p:: . H µ;:J 

C!) C!) H I p:: @ H H 

~ ; ~ I ~ I j l:il I . PO 

-
. 601~ -
. 20 -.23 -
.30 .05 .20 -
.27 .12 . 71*~': .55* -

J 

,, 



ct' 
H . 
(l.l . 
lzi 

F.S. IQ -
VERBAL IQ . 98~"* 
NON-VERBAL IQ .91** 
WEIGHT-MIDTERM .. 07 
WEIGHT-PRESENT . 24 
HEIGHT-MIDTERM .oo 
HEIGHT-PRESENT .oo 
MULT. SOC. INDEX .21 
HARRIS DRAWING .65** 
BENDER GESTALT I .29 

I 

TABLE 68: CORRELATION MA.TR.IX 

ct' 
H 

~ 
i:,::i 
~ 

-
.82** 
,04 
.25 
.07 
.04 
.27 
.57* 
.26 

.. 

KWASHIORKOR CONTROL GROUP 

(df 11) 

I s H s t;J ct' I z 
H r:r:i r:r:i ~ i:,::i 

H I CJ) H C/l 

~ t:l ~ t=l ~ i 
f I ~ f P-t 

p1.. I 
~- t t ~ t ~ 0 0 {!) 0 z H H H H 
0 ~ I ~ ~ ~ z 

-
.os -
.16 .85** -

-.16 .67** . 65*.,. . -
-.12 .75 ,89 .65*"' -

.07 .31 .44 .43 .32 

. 77** -.06 -.05 -.20 -.41 

.34 .10 .01 .21 -.25 

P = 0~10 
P = 0.05*. 
P == 0.01** 

I X 
ILi 
@ 0 f:-! z ....:I 
H H ~ :::.:; . 

~ 
v:, ! 

0 ~ 
0 A 0 
·C/l l 

Cl) p1i . H [.ii . 
H 

~ @ 
~ 

i 
i:,::i 
~ 

l 
! 
] 

I -
' i 

-.05 - l 

.31 .59* I - ; 
j 
I 

' 



Cl' 
H . 
ti) . 
ii. 

F.S. IQ I -
VERBAL IQ .98** 
NON-VERBAL IQ . 96** . 
WEIGHT-MIDTERM I . 20 
WEIGHT-PRESENT .o 
HEIGHT-MIDTERM . 23 
HEIGHT-PRESENT .11 
MOLT. soc. INDEX .33 
HARRIS DRAWING .73** 
BENDER GESTALT .32 

TABLE 69: CORRELATION MATRIX 

Cl' 
H 

~' 

~ i rzJ 
> i 

-
.90** 
.19 
.o 
. 24 
.09 
.23 
. 71**' 
.30 

FED GROUP 

(df 12) 

O" tJ 
H pi! 

E-1 

~ 
A 
H 

f ~ 

~ ~ 
0 z H 

0 I ~ z 

-
.21 -
.16 .53* 
. 21 .66** 
.15 .26 
.47 .29 
.73** .40 
.30 . 26 

H z 
rzJ 
ti) 

~ 
P-4 
I 

E-1 ::r: 
0 

l H 

~ ! 

-
.75** 
.82** 
.40 

• . 51 
.05 

r = 0.46, P = 0.10 
r = o.53, P == 0.05* 
r = 0. 65, P = o.Ol** 

I 
I 

tJ 
rzJ 
E-1 
A 
H 

f 
H 

i3 
H 

~ 

-
· .82** 
.21 
.so 

-.02 

I 
::< I E-1 ~ 0 H z ~ z ~ rzJ H 

ti) :,:: H 

'~ 

. 
~ 

ti) 

0 rzJ 
P-4 0 A 0 
I ti) 

~ 
ti) ~ . H rzJ 

0 H ~ ~ I H ,-:i 

~ ~ ~ µ'.1 

I l:Q 

-
.27 -
.43 .26 -

-.23 .26 .17 -



TABLE 70: CORRELATION MATRIX 

F'ED CONTROL GROUP 

(df 11) 

I ~ 
M s l t ~ t ~ 

0 H 
O' I z· !;! H M I . M µ::J M 5i H I ti) H (/) H 

~ f:l ~. f:l ~ 
. 

~ 
ti) 

O' u tJ H f 
I 

1r f 1r 0 A 
O' p:.j I tl'l 
t-1 H M H ~ ~ !ii Cf.I p:.j 

·~ :r ::r:: l . t-1 w 
·• 0 ' 0 0 0 H i f@ CJ) p:.j :z; t-1 I H H H 

~ . µ:j 0 ~ ~· ~ ~ rz:i ... ·i:,:. . ::> :z; p:i 

. s. IQ 
ERBAL IQ .95** 
ON-VERBAL IQ .87** .68** 

IGHT-MIDTER..'1 .44 .47 .29 
NEIGHT-PRESENT .66** .62* .57* .55* 
EIGHT-MIDTERM .45 .32 .so .59* .43 

IGHT-PRESENT .34 .16 .50 .31 . 7 5;1:* -60* 
T. soc. INDEX .39 .34 .36 .36 .27 • .38 . 24 

RRIS DRAWING .56* .49 .54 .56* . 63t, .47 .44 .16 
BENDER GESTALT .79** .84** .53 .53 .59* .46 .27 .08 .61* 

r = -0.48, p = o. 10 
r = 0.55, p = 0.05* 
r =: 0.66, p = 0.01** 



I 
I 
l I • 

• i 
F.S. IQ : 
VERB. IQ I 
NON-VERB.IQ 
'BENDER 
HARRIS 
AGE TEST 
DUR. FED 
!INCOME 

O" 
O" H 
H . . ~ 
Cl) p::: . i:,::t 
IJ:1 :> 

, 97*1c 
.93** .81** 
.53** .54** 
. 68** . 64* 
.12 -.14 
.18 .12 
.35 .31 

~~GE START 
AGE STOP • 
iAGE(T-S) 
'FOOD IND. 
i(NV-V) 

-.28 -.28 
I .30 -.32 

I 
,VOCAB. 
COMPR. 
:vB.REASON 
ARITH. 
MEMORY 

I . 42* .42* 
I • 36 · . 38 
1-,45* -.65** 

PATT. COMP. I 
BLOCK DES. I 

I 
ABSURD. ' 
FRM. BRD. 

O" 
H . 
~ 
p::: 

~ •. 
p::: 
i:,::t 

I . ~ z 
0 ~ z 

.43* 

. 66* .37 
-.08 .oo 

. 24 .19 

.37 .10 
-. 23 .;...12 
-.24 -.13 

.38 .30 

.29 .09 
-.08 -.36 

. 27 

.51** 

.33 

.61** 

. 62i~* 

.34 

.32 

. 23 

.23 

TABLE 71: CORRELATION COEFFICIENTS 

1 

H A 
Cl) i:,::t 

Cl) i:,::t p,:.._ 

-~ H H 

~ 
. 

~ 
p::: 

-~ ~ I 

-.01 
.52 .36 
.16 -.44* -.31 

-.18 .94** .12 -.40* 
.01 .90** ,53**-.45* 

-.07 . 20 -.40* .03 
. 26 • -. 76** .03 .41 

-.23 .13 .11 -.04 
.54**-.09 .05 .35 
.52**-.05 .17 .20 

• ,54,~*-.18 .48* .33 
.55**-.21 .56** .25 
.44* -.14 .54** .18 
.30 -.30 -,09 .40* 
.44* -.16 .22 .41* 
.68** . 20 .49* .14 
.35 .04 -.03 .06 

FED GROUP AND FED CONTROL GROUP COMBINED 

(df 24) 

I I I 

. I :z; 

~ 
. 0 

P-t ,,..., 
~ 

Cl) 

0 Cl) < 
H H I H ,,.... . . 

~ 
. 

~ Cl) Cl) H 1' ~ ti:: ::c ..._, 
§ < /:l-4 H 0 

t3 i:,::t i:,::t 3 u 6 . . H ;:E:' 

~ 
c.!) 0 0 ~ .ea ~ < < p,:.._ :>- u :>-

r = 0.33, P = 0.10 
r = 0.39, P = 0.05* 
r = 0.50, P = 0.01** 

.84** 

. 21 -.24 
-.89**-.68**-.16 

.18 .23 .-.23 -.26 
-.23 -.26 .38 .40* -.43* 
-.22 -.20 .34 .38 -.45* .77** 
-.30 -.27 .21 .38 -.60** .65** .48* 
-.29 -.39* .44* .27 .. -.50** .57** .56** .68** 
-.27 -.27 .30 .27 -.54** .59** .54** .61** .82** 
·. 60**- .45* .. 36 .42* -.26 .70** .62** .63** .60** .54** 
.46* ·-.18 .06 . 24 .17 .52** .45* .41* .46* . 51** 
,38 .11 .22 .18 -.16 .59** .44* .47* .38 • . 27 
.50**-.13 .36 -.05 -.02 .31 . 26 .16 .50** .48* 

I I I 
I· . I 
I P-1 . 
! 6 Cl) . . 

i:,::t § u A 
§ ~ . -~ 

H u :::i .. 
H 0 Cl) ~ < $ r:Q 
P-t < p,:.._ 

.49* 

.26 .32 

.17 .20 .15 



er 
H 

•· 
O' P'.l er H ~ 

H .LI 1Z Cl) . 
~ .LI H 

l 
. P'.l § p:: 

Cl) p:: z i . .LI 0 .LI 
~ ::> z P'.l 

F. S. IQ -
VERB. IQ . 98*7' -
NON-VERB. IQ .96** .90** -
BENDER .32 .. 30 .30 -
1-Lti.RRIS .73** . 71** .73** .17 -
AGE TEST .38 .38 .34 .12 .66** 
DUR. FED .30 .30 . 29 .22 . 78"J'<* 
IN'..:OME .22 .13 .36 .10 .02 
AGE START .os .05 ,07 -.30 .60* 
AGE STOP . 23 .22 . . 22 ,04 .68** 
AGE (T-S) , 18 . 20 , 12 .12 -.33 
VOCA:S. .06 .66** 
COMPR. .42 .74** 
VB.REASON 

I -.o .40 
ARITH. .50 .45 

!MEMORY .51 .39 
i PATT. COMP. . 2i . 24 
iBLOCK DES. 

I 
.42 .45 

!ABSURD. -.07 .75** 
!FRM. BRD. . ll .39 
! l 
i i I 

TABLE 72: CORRELATION COEFFICIENTS 

E-t 
Cl) 

.LI 
E-t 

.LI 
(.!) 
<I! 

-
.91** 

-.41 
.74** 
.89** 

-.17 
.32 
.58* 
:n 
. 24 
.29 

-.oo 
~15 
.51 
.13 

FED GROUP 

(df 12) 

I 

~ A P-! 
. .LI 0 

i:.. 

~ 
E-t E-t 
Cl) Cl) . 

p::; u .LI .LI 
~ z (.!) c.!l 
A H <I! <I! 

·, 

-
-.32 -

.80**-.27 -

.98**-.32 . 91** -
-.51 .04 -.66**-.59* 

.15 . 23 .12 . 15 

.54* -.06 .23 .46 

.02 .19 -.00 -.00 

.29 .10 -.19 .13 

.31 .03 -.08 .18 
-,09 .26 -.09 -.08 

. 25 .43 .04 • .19 

.46 .15 .51 .so 

.10 .13 -.ll .03 

-Cl) 

I . 
H P'.l .._, <I! 
.LI u 
c.!> 0 
<I! :>-

-
. 25 -
.04 .66** 
.21 .76** 
.14 .51 
.12 .47 
.17 .63 

-. 14 .65* 
-.17 .63* 

.17 .27 

l 
I 

•· 
I 
l 

z P-! . ! 

' 0 ~ 
Cl) . 

I 
Cl) .LI § <I! u A . . 
~ 

. >-: § P'.l 

I 
p::; :J:l p::; . ~ 
P-! E-t I E-t u ~ . 
::E:: . H E 0 Cl) ~ 0 P'.l ~ ~ P'.l 

I • u :>- ' <I! r 
µa 

r = 0.46, p = 0.10 
r = 0.53, p = 0.05* 
:r = 0.66, p = 0.01** 

\ 

-
.44 -
.58* .56* -
.39 .50 .83** -
.42 .75** .57* .37 -
.55* .56* .62* .61* .51 -
.so .32 . 20 .15 .13 . 24 -
.29 .14 .51 .48 -.03 .07 .13 -



I 
O' 
H· . 

O" p::i 

H ~ 
0- 14 ~ 
H . 7" i:,::i 

p::i @ t/j i ~ z . l J:::::i 0 14 
i:r... :> z i:Q 

I . 
1F .S. IQ -
;VERB. IQ .95** -
:NON-VERB. IQ .88** .68* -
! 

iBE~1)ER .79** .85** .55 -
)-I.ARRIS .56 .49 .53 .62* 
1AGE TEST .18 .16 .16 .09 
lnuR. 
I 

FED .o -.o . 20 .17 
lINCOME .31 .35 . 20 .01 
'.AGE START .14 .16 .07 -.02 
:AGE STOP -.32 -.33 -. 27 -. 24 · 
AGE (T-S) .76** .74** ,64* .49 
iV0CAB. .63* 
;coMPR. .64* 
,VB.REASON I . 7 2** 
'.ARITH. l . 74** 
J1EMORY .84** 
IP ATT • COMP. .52* 
;BLOCK DES. .12 
I 

)ABSURD. ,56 
! .35 

TABLE 73: CORRELATION COEFFICIENTS 

H A 
tl.l 14 

Cl) 

.~ 
p... 

H 

~ 
. 

I r,.,. I 
p::; 

~ 
c., §l < 

-
.06 -
.35 .40 -
.16 -.02 -.51 

-.08 . 94** .15 • 
-.05 . 77** .61* 

.15 .22 -.38 

.17 .46 -.12 

.13 .29 ...;., 24 

.59* . 20 125 

.60* -.14 -.12 

.45 -.06 -.08 

.19 .03 -.13 

.32 .....04 .18 

.57 .51 .54 

FED CONTROL GROUP 

(df 10) 

I 

~ -P-1 ti) 

0 I 
14 H H b ::;:: ti) ti) 

0 u 14 14 14 z c., S;a S;a H < 
.. 

-
.04 -

-.24 .65* -
.33 .34 -.45 -
.22 .51 -.11 .82** 
.33 .33 -.19 . 70** 
.31 .12 -.03 .33 
.32 -.11 -.57 .68* 
.25 -.08 -.47 .63* 
.53 -.02 -.35 .58* 
.13 -.13 -.25 .31 

-.08 .48 .20 .so 
.38 -.oo -.oo -.05 -.09 -.33 .44 

. 
r:ci 
< 
8 
:> 

-
.87** 
.45 
.60* 
.75** 
,66* 
.11 
.50 
.so 

I I 
I 

z . . 
0 P-1 IZl . 
ti) ::;::. 14 § < 0 A . . 
~ 

. 
~ u § p::i 

~ ::d .. ~ 
P-1 H 0 H u ::> . 
::;:: . H I H 0 Cf.l s 0 ,:Q ·~ < · ::z i:Q 
u :> < P-1 < pr.. 

r = 0.51, P = 0.10 
r = 0.58, P = 0.05* 
r == 0.69, P.. = 0.01** 

\ 

-
.36 -
.46 .70** -
.68* .72** .86** -
.72**.40 .56 . 72** -
.17 .14 .19 . 20 .32 -
.31 .54 . • 49 ,38 .32 .37 -
, 30 , 22 .54 .60* .37 .40 .18 - ! 

! 



TABLE 74: CORRELATION COEFFICIENTS 

F,S IQ (FED-SIBF) 
VERB. IQ (FED-SIBF) 
NON-VER. IQ (FED-SIBF) 
AGE TEST. (FED-SIBF) 
INCOME (FED-SIBF) 
EARLY WEIGHT (FED-SIBF) 
EARLY HEIGHT (FED-SIBF) 
DURATION FED 
AGE START 
AGE STOP 
AGE (T-S) 

-
~· 

H 
Cl) • 

r 
Ct e 
O' 
H . 
Cl) 

DIFFERENCES BETWEEN FED AND FED CONTROL GROUP 

IN INTELLIGENCE SCORES, AGE AND INCOME 

(df 10) 

- - - I i:z.. ~ ~"< pq pq pq 
H - H H I .,.....,. Cl) i:z.. Cl) Cl) 

i:z.. I pq I I 
pq Ct H .,.....,. Ct Ct 
H µ::j Cl) i:z.. ' µ::j µ::j 
Cl) e I pq e /. e I Ct H I 
A µ::j Cl) I µ::j O' e I ~ ~ Ct 
e H Ct I µ::j 

µ::j c., i c., i:z.. . . e H l H H 
O' pq H ~ 

I 
~ z ~ P-< 

H p:; Cl) i 0 0 
µ::j µ::j 

~ H H H . T- H :>-< :>-< H Cl) Cl) 
pq 0 ~ p:; z µ::j t.) µ::j µ::j 

i 
~ ·~ i . µ::j 0 ~ r:l ~ c., ~l i:z.. ::> z µ::j µ::j A <: 

: 

-
.92** -

! .53 .16 -
' .25 .14 .33 -
-.13 -.01 -.29 .22 -

.28 .44 -.26 .05 -.05 ·-

.08 .25 -.32 -.29 -.19 .65* -

.55 .51 .28 .15 -.38 .22 .09 -

.25 .14 .34 1.otc* .23 .05 -.29 .15 -

.68* .53 .60* .65*-.10 .45 .01 .61* .65* -
\-.43 -.36 -.38 .34 .38 -.49 -.43 -.38 .34 -.45 
: 
i 

r = 0. 51, p=O. 10 
r = 0.58, p=0.05* 
r = 0.69, p=O.Ol** 

,-.. 
Cl) 

I 
b 
µ::j 
c., 
<: 

-



TABLE 75: CORRELATION MATRDr 

' 

EARLY HEIGHT 
EARLY WEIGHT 
VERBAL IQ 
NON-VERBAL IQ 
F.S. IQ 

FED GROUP 

(df 11) 

E8 ~ 
0 0 
H H 

~. ~. 

:>-i :>-i 

~ .~ 
-ex: 

i:,.:i i:,.:i 

-
.33 -
.10 .12 
.20 .12 
.14 ~12 

O' 
H 

~ 
p::: 
i:,.:i 
:> 

-
.90** 
.98** 

I ** p < 0.01 

TABLE 76: CORRELATION MATRIX 

EARLY HEIGHT 
EARLY WEIGHT 
!VERBAL IQ 
NON-VERBAL IQ 
F.S. IQ 

FED CONTROL GROUP 

(df 11) 

~ ~ 
0 0 
H H O' 

~ ~ H 

~ :>-i :>-i 

~ ~ p::: 

~ i:il 
i:il :> 

-
.so -
.57* .66** -
.51 .29 .70** 
.57* .64** .94** 

* p <; 0 .05 
** p < 0.01 

O' 
f H 

~ 
p::: O' 
i:,.:i H 

T . 
s Cl) . 
z ~ ' 

-
.96** -

O' 
H 

~ 
p::: O' 
i:,.:i H 

:, . 
z Cl) 

0 . 
z ~ 

-
.87** -



APPENDIX Ill 

fnODIFICATIOf✓ OF l<OPPITZ SCORrnG 

ON BENDER GESTALT TESI 



TABLE X 

EXTRAPOLATED [EANS AND STANDARD DEVI~TIONS 

For Koppit7 Scores on Bender Gestalt Test. 

fi1EAN S. C. 

3.4 3.6 
2.8 2.8 
2,3 2. ti 
1.9 2.2 

·1.6 2.0 
1.4 1.9 
.l. 2 1.8 
1.1 1. 75 
1.0 1.7 
0.9 1.6 
0.85 1.6 
0.8 1.55 
0.75 1.5 
0.7 1.45 
0,65 1.45 
0.62 1.45 
o.6 1.45 
0.58 1.45 
0 .57 1.4 
0.55 1.4 
0.53 1.4 
0.52 1.4 
0.51 1.4 
0.50 1.4 
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