Malnutrition and intellectual development :
a comparative follow-up study on the effects of early
dietary supplementation in a population at risk.

[S.L. :s.n., 19737].

Evans, David Edmund.

Thesis (Ph.D.) (Psychology)--University of Cape Town,
1973.



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



- TG MY PARENTS



et e v omb——" i h

"The greatest svil and the most
gnduring of 211 treagedigs for the
individual eand his society lies in
the differeance between what he was
capable of becom ne has
in fact teen cs

Ashicy ?UﬂmeU

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




CONTENTS

LIST OF Tw]&

ACKMOOLECLENE TS

BART T: LITERATIINE ReEVILCY

CHAPTER 1 EACKGROUND AMD SICGRIFICANCE OF THE

HABTER 2 HUBAN STUDTES CF BRAIN FUNCTION IH

. rs . .
Fleld Stu‘:«lﬁ:s @ B0 € 8B e LS C LD RENPOICE ST EGL SN

Methodological Problems cevevvsssessvvonossnan

TRITIOHAL
QEQRIU‘"TIG;i QIitheﬂﬂtI‘QOOUOOGQ“6‘@000‘5900000'65

The effects of food end stimulotion guring

ehabllitotion ccoescocsosonrcceossanss

CHARTER 3 CANIDAL EXPERT BER
AND HEURAL DEVEL

CHARTER 4 HUPR Y STUDIES OF PHYSICO-CHEPICAL BRALHN

AND NUTRITIONAL DEPRIV

CHAPTER 5 ANIMAL FARERT ENTS
I RUTRITIONAL DE

CHADTER 6 CTHE EFFFCTS OF FEEGING, | —FE-NLNU,
5‘5UF1‘11T10:-¢ CE S0 CeEeNDEE L BOE N EDE €0 AL

CHAPTER 7 V GVERVIE@ 2L FE LS DO E LT AR ENE DL C R

?ﬂethﬂdo.‘.of}l cal Problems cesesersas

Stoatus of Present Knowledle ceveos

FART I1: THE PRESCHT STuDY

CHAPTER 8 BATKGROUR 3'2 3 RATICGHALE AMD HYPOTHES

w

CHARPTER O METHODS, TATERIALS, A0 PROCEDURE .
The 88537019 G228 C L0 EO ENGTOLEDE ST ES S

The Experimental GrDUﬁe sbocsvocns
Km@?dmﬂrkDT urﬂup aeeaseteeeo
F@d urOUD S L QL GBI DT ERLDESOTT

1hC qut Ql LvPQpO $ L A O F 5 L A0 L SR LG
Kyashiorkor control groun e
Fed control groud teceeseeven

V

TS I MUTRITICHNAL DERRI
0 j

S o r
g"‘::!nu £ 8 & L0 0B F 8 AGE UEELS DS EES

ey
e

~

AT

L]

»

LR X

YATION

CROYTH

JJTION 0 6 % FECFOLOD EEELOEN

BATNM FUNCT

L A U )

OV ER-

LI

[

1%
(&}

-
[

i

[
=y
Lt
el

o
N P

—

o bt b

fon

fot ot bt
fou T i B o
PN

@



Test BELLOTY coosccosccvsessocosnncscsosnevevananaes

Mew Scuth Africen Individusl Scele (1SAIS) ...

‘Bender Gestalt Test .vcoceisceconsorencrsasconsnse

P : : . Harris-Goocenough Drawing Test teeeecccceconsos

Procedure e>oco,aoo¢cnebnﬁeoo-ﬁee;uqmocscaoee-teasnauee
Anzlyces of Vorisnte sececarssssssvccoassccsascecens
CHRDTER lG RESULTS PP DU TP OOELIEOREOFECOOOOEHCETEIORIOEODNOOGOD S

Summary FESUltS 64 6 8 €QE BN EEE PEE ECHE BOEL HEODCOOCPSLHDEN
LR
Agg VSTlaDlGQ # 6L % 6 F e R & 0N DOPEEOD T HAEEHLE SOBLL LK TE ST RN

Socis]l Variables covossvecccossvenansscosvoncsocconss
! o fultiple Social Index (SI) seeesssnscasocovavas
, , INCOME sosccancocaisoncoacoansascanccasoscennses
‘ ‘ Position in Sibship ecescsessocccisscosanncencs

r I}
FOOd IQGQX £ 60 €0 €L P A A0 U6 SELTSIEDNILTOELLS OO C

O T
RETESESES
RN

Full-5cele Intelligence Score (HSATS) ceevovcocnsose
Verbal Intelligence Score (HSAIS) ececoacecsssvencos

Non-Verbal Intelligence Score (NSAIS) seeeeoscccosco

L3

]. ‘ . NSAIS sub-tasts 4ncnw&ato¢ec&

K68 A CBGRERROLOSGLEOEECRES
3 P ot :
‘ . Harrls Dl‘aiulﬁg Te::\b L R A R I N N A
: ") NP Ay P ’
B -L‘Cndel‘ Ge&tult Te&t‘ L R R I I I R I L L I 4
Height '
( 6)3\3 U & A0 EE 0N OL DL PEC T RO TS IS EET RS TTIEEOO RO D SED

T » .
Uclght BB 2t E O AL LN OO BESLOOTO LR EUNEOEASBEEDLED A

CHAPTER 11 DISCUSSION AND COHCLUSIOHN eeveervnevorciorasoososress
REFERENCES | |

APPENDIX I TABLES GF RAY DATA

APPENDIX I1  CORRELATION BATRICES

ARPPENDIX III ®CDIFICATIOH OF KOPPITZ SCORING OF BENDER GESTALT TEST

E
i

3.
S

s
P @

-
N
-~

[
o]
[



¢
3
g
5

Teble

&3]

10

11

12
13

14

16
17

18

19

Ty

TEELES

lMeans end standard deviations for the four groups in

Summal‘}" 62 E 0 GVOB O EROCNIED B0 ECEABDCE BEOSLELERTOOETEOO DR

fiultiple comperisons between msans in SUMMETY covsecocs

Age on testing - meons and standard ceviabtions csciaees

i

Age on testing

ANOVA summary Lablt ceservaecrnancsacs

Aoe on testing - multiple comparisons hetween means ...

Intelligence Scores and cge on admissicon to hospitzl
correlations co=-efficients csievecsrcncocasncecesanones

Intelligence score and proximity inm sibship correlstion

A= v R .
CD*BrTlC,\.EBﬂ*\.S € 92D DL OEECS AN EENDOD PO e EaE O tEO SR OCESERE S

Full Scele Intelligence Scores - means and standsrd deviations

Full Scele Intelligence Scores ~ ANGYA summary table seiees

Full Scele Intelligence Scores ~ [ultiple comparisons

between mesns 4L E T L ECORDBOOEEECHEEESStESEOIOEIECHESONTE O

Full Scsle Intelligence Scores - Inter-group correlation

CD—folClGﬂtS €8 066 L 0% CH A ET €CON S EEL S BO0DEFTTOOS OO EENEsE S

4

Verbal Intelligence Scores

Verbal Intelligence S5cores

Verbal Intelligence Scores - [Multinle comperisons between

N
MESMNE s v e es s tes006ckes0ces st tdesceiotscars aséoarersseestser

Verbal Intelligence 5corss ~ Inter-group correlation

CO"effiCientS~6..!ﬁﬁ‘ﬁtﬂ.ﬂbﬁ".&.o@t.liwot,ﬁ@OD(’lQ’lCﬁ'ﬂ’.
Non-Verbal Intelligence Scores - means end stenderd deviations

Non-Verbal Intelligence Scorss - ANOVA Summery table ....

Non-VYerbzl Intelligence Scores - Multiple comperisons

between means ©F P8 e Ca 0 6C L EBEEE A4 BOLRETAEPLUCE IR TE OSSO

Mon-VYerbal Intelligence Scores = Inter-group corrgistion

o

o : P
CO~OTTLIOLENMUE saceoettrcscecessbestassvasceataneneesesnx

NGATS Sub-tcst SCANEE =~ MEANS ctsesrssscrctsosstscssrenss

NSAIS Sub~test scores ~ ANOUA Summery $oble eevsovcsass

L
=1
&5
el
=
oy
tade
3
O
bt
o3

NS5AIS5 Sub-test scores

Main Effects

LI 3 W

mecns and standerd deviastions

RNQVA Su§ﬁmary t3bl€ . &2 e o.o *« 20

°

o

©

.

116

fomt
}-,J
3

11¢

119

130
135

135

136

140

71&1

141
145

i45



26

27

33

40

41

42

S HSATS Sub-test seoores - [ultipnle comparisons botusen
[a}

ns for kusshiorKor QTOUD seosrusnrrvsrvvressstoncsas

rikor control CXOUD sorouvmssovecoonceas

MSATS Sub-test scores -~ [ultinle pomparisens betueen
mepans for Fed DIDUQ 2e0¥DETO VI AETOIACIIRECTEOEORACTOOEHECH

NSAIS Subetest scores - Multiple comparisons betueen
means for Fed control OTOUR ecsecrenesscuvcaccasssccronae

NSAIS Sub~test Scores - multiple comparisons bolwsen me:

=
22
o=
$or
(%%
i)
C
oy
1
i
o
53
o
{6
ly]
[=]
L
0
0
f
v}
b
]
=
(6N
&3]
po
£
o
s ]
s 8
L
G}
<
Prete
r!
pa
P
O
2
P
-
L3
L
-
-

Hzrris Drawing

]
[42]
()
]
]
@
3
3
@
o
ju]
U\
©
5
=
{3
pe
)]
pu
.
b
-
L
7
o
<
b
o
o+
I,.J -«
@
pou
i
£
-

Harris OUrawing Scorp ~ ANOUA Sumnmary TEDRIE secscesssnce

arris Drawing Scove - Intor-group correlation

: Fad v 3
CO=afficients ecceavccecsaosaocricensoeasascescsssssnsacs

flachover Retings on Drawings - mzans and standard

de\flc‘ithﬁS oyoocn.oota‘coocceecotootcesoicoeee-vooo«noooo

Haerris Drewing Scores - men-womsn seale discrepancy
and s

i
Means d st

1o

wing Scores in 1968 and 1972 - mesns and
iY

iatiDnS B RBLE RN EF SO T NT O D RE e r &
Harris Orawing Scores ~ ANOVA Summary table crsesscvcne

Bencder Gestelt Test - Perceptusl Quotients -~ moans and

[
o
- o LR N N
Staﬂdard uQVlutlon& € UG e NS EC OO ETEFED@OC NS ST A e O

Bender Gestalt Test ~ ANOVA Summary table sscvecerrcace

HQender Gestglt Test - Inter-group correlation
CO—Gf‘f].C tS 8 € 4 CH X 2 08 F RO S Ot DL AP OC L E O ARSI S SR

Bender Gestalt Test t' scores - means and stendard

de\'iitions 0@00&‘069(&'.ﬂ&t&‘e'.@tvloi»veﬁﬁcc;W.l"ﬁl‘eet
Bender Gostalt Test ~ ANOVA Summary t20le ceccoscencsne

Gestalt Test -~ Inter-group correlation
ien

CE ecacssesonrostacosccdrstcnnecnonpcedaoeoetss

flid-term snd Present Height - means for the four groups

A eiie f2
andard uDULJﬁlOﬂS ® e oee6eeoTOaNEPTOCAESELEE

@ e n

JO]
=
o

Paae

[P

147

148

148

j
L
e

Jt
[#))
o

160

162

163

163

163

165



e i g M pa e b

47
48

49

50

56

57

59
60

61

3

Mid-term and Present Height - AWNDVA Summor

fid-term and Przsent Height

b

i

b

Early, Hid-term 2nd Present Height in Fed and Fed control

AOVA Simple msin effect

fid-term and Presert Hgight - ultinle comparisons
o

L

®

tu}ﬁ?@ﬂ MESBMNS accecoescrtanr b ssobsorssr 03 steacfooCteceseoets

QI.‘OU;JS R N RS AR I I I A A A I T A N R R A I L I R IR AR A AR Y

.

Early, Mid-term end Present Helght in Fed and Fod control

1
k=1 o
=
«Z
=
14
&
:.3
=3
w
-
3
.
(8]
Pt
}__x
o]

groups

Farly, Mid-term and Present Height in Fed and Fod control

¢ H L UL LRGBS OCEOOCELRES &KV ETDLAD

qroups - ANQVA Sj,f’ﬂple mein effects teseessccocasce oot

Mid-term and Fresent Y=ight - seans for tho

fiid-term snd Present Weight - AN

flid-term and Present Weight - ANOVA Simple

fid-term and Present deight - Multiple comparison

bétweeﬂ means %24 8080 CEEEI S O8O GETBEDEET LSO RS CRSEDLDLTIEEC

Early, mic-term and present weight - means for Fed and
Fed control QTOUPS cocasosccascsosconccccavaonenssonvanas

Early, mid-term ond present weight - ANOVA Summary Table

Farly, mid-term and present woight - ANOVA simzle main.

Bf‘f‘eCtS DE B OO AT TES L ETECEEEES IO DL P e T EC T EOTES S0 R

APPENDYX Tz Baw DATA

Age and Social Variables . S

Index of 8Sibship

"Income

Physical Data
Intelligence Scores
NSAIS sub-test scores

Harris DOrawing Test scores

‘Herris Oreswing scores in 1968 and 1973

Mechover Rating on Oray-a-Rerson Conflict Indicstors

Bender Gestalt Test - Rsw scores

four groups .

WA Summe

3

.

172

174

174

—
=]
i



o em ok v e

-,

69

70

71

72

73

74

76

Table X

Figure

GRAPH:

APPEMDTY TT: CORBELATICY MATRICES

Correlation Metrix of ell Groups
Kuashiorker Group

Kwashicrkor Control Group

Fed Group

Fed Control Group

Correlaticn co-~efficients between Fed and Fed Centrol
Groups '

Correlation co-efficients of Fed Group

“Correlation co~cfficients of Fed Contrel Group

Correlation co-efficients. in Intelligence, Scores,

_Age and Income

Correlation RMatrix of Fed Group

Correlation Matrix of Fed Control Group

APRENDIY III: MOCIFICATION OF KGPRITZ SCORIMG ON

BEMNDER GESTALT TES

Extrapolated fieans and Standard Deviztions

FIGURES
Pane
Mean Intelligence SCOTBS coeecccuaesonsacasvcacecoeae 117

Distributiocn of Full Scale Intelligence Scores e.... 128
Distribution of Verbal Intelligence SCOLBS ceccacccs 134
Distribution of Non-Verbal Intelligence SCOTES +»v.. 139
flean sub-test SCOTES seceoeevevcccoconrroornoncconcs 153

Height. heans for four groups at early mid-term and

pI‘ESGnt aC_}E—JS 08¢0 00C0UR0B0C800d00CCECOICSITOIOOCEESLILOCOS 1758

Weight. fleans for four groups at esrly mid-ferm and

prescﬂt SQGS 0.0000‘QGIGOBOQGOOQDOBGB00.00.0‘&0009‘6.‘ J_?SO
fean Intclligence SCOTES setevcosvcoeccoscessasonsecce L7178

HSAIS sub-test scores ranked according to degres of
abstractability rﬂquired ® 6 80O POCLOCEODOEOEODNEE POSOC 166

fModificetion of Kopgitz Scoring for
T

Bender Gustalt Test - Appendix 11



This investigation attemnted to examine the relstionship
between melnutrition and retardation of intellectuzl developmont
by comparing children drewn from the same fomilies who rnrecented

arying degrees of protein~calorie mslnuts

ged

NG
o

rition during infancy;
Fron pach of 14 femilies 4 childien were drawn and assigned res
pectively to thes fellowing groups:

a) kwashicrlor group camposed of children who had been adnitted
to hospital during the first 4 years of life for trectment
of acute PLH;

h) kwashiorkor control group consisting of the nesrest sibling
in ege to the kwashicrkor child having no history of acuts PCHS

c) the fed group conegisting of a later.sibling in the family in
whom malnubtrition had been prevenied by supplementary feoding
during the first 3 years of life; and

d) the fed control group consisting of the sibling in each Fuml Y
just preceding the child who was given supnplementary feeding.

A battery of psychologieal tests wes administered when the msan age
in the kwashiorker group wss 13.0 yesrs, and 5.9 ysars in the fad
group, with the twa control groups taking int rmediate positions.
On mean full-scale intulligence score the Fed group mhﬁm@& 8 8Lg~
nificantly higher difference (p lesc than 0.01) when comparsd with

the other three groups. The sams trend was found for verbal score,
although the difference was not quite significent statisticelly.
On non-verbal scove the fed group was not significantly higher than
its vwn control group, but wess significently above the kweshiorlkor
group and kyashiorkor control groupe The fed control group was

significently higher thsn the kwashiorkor groupe.

Analysis of the sub- scale intelligence scores suggessted thet
whilst nutritionsl factors pley an important pert in the determina-
ticn of the verbal score, an coually important patt is nlayed in
the determination aof the non-verbsl score by medicsel csre and ene
viranmental stimulation. The sub-test results suggested a velation-
ship botween malnuirvition and o 3pocific doficit in abstract rzason-
ing and learning ebilities, but the conventional measures of lbrain

damege ' did not discriminste between the four groups. The delicit
in intelloctusl development pncared to be related to the durction
of chronic melnutrition rether than to the sesverity of the insuli
as indicated by an acute epizade of kweshiorko:.

. *

The results are discussed in terms of the fai
satory educaticnel progroms to orovide sdstein gvation in the
1G5 scores of undsr-priviiegsd children, ond the sug gesflom is.inade
that this failure could at least in part be z2ttributed to the
operation of nutritionmal factors..

lure of compen-
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CHABTER 1_

BACKGROUMD BN SIGRIFICANCE OF THE PROBLED

In 8 world in which population is incressing 2t an enormous
rate, we find thst 50 - 70% of the populstion is inadequately nou=

tion of the populztion

[y

rishad. Furthermore, it is this very se
thst is multiplying mbst raplidly. Several hundred thousend chil-
dren are born each day, the majority of whom will be exposed to
SEVETE undernutritioﬁ during their most formative yesrs. In some
sreas only half will‘survive the period of childhood, and maln
nutri?ian wlll be a major contributing cause of death in mosi of
these children. Others will die of infectious diseoses which are
relaﬁively hérmless in well-nourishsd populétions, but which are
stal to children rendered vulnerable by umdergﬁtrition <Winick,
1870; fYnckeborg, l972). Over the past 15 ysars a betier under-
stending of the bioéchemical peéhology of malnutrition hés rwéuln‘
ted in more effective trestment, ond & consequent prpnéunceﬁ»re~
duction in the mortaslity rate. However, cver the same period
evidence has been accumulating that an in?ﬁnt who survives a
period of severe malnutrition wey be seriously handicapped not only
in his physical aeuélopment, but also in intellectusl development.
This is most likely if the nutritionsl insult occurs during the
neriod of maximum brain growth (ngbiﬁg, 1870).

Several reviewers have called attention to the self—perpetua£~
ing cyecle which is seb in motion, and which continues from ggneration
to generation with a spirel effsoct (Cravioto, 1970; Montagu, 1971;

x

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



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

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

DEFINING THE LINITS OF MALNUTRITION:

.

In its most specific sense, malnutrition refers to a broad

2/



clinical speétrum of nutritisnal disease referred -to 2s protein-
célor_ie molnutrition (PCit). The opposite ends of the sontinuum
are reprasented by kwuashiorkor and maraémus respectively, the
calorie deficiency in kwashiorkor being not as severe as the pro-
tein deficiency. The majority of cases éf Pem do‘not show either
the pure syndromes of kwyashiorkor or marasmus; theypresent a
mixed picture and occupy an intermediate position 6n thetptm
spectrum, the typicél diagnosis being thet of marasmic—kw&shiorkof.
Whilst the nutritionalvaetioloéy of PCH is of paramaunt ime
portance ih the developmznt of the syndrome, it is clear that a J
complex of interrelated nan»nytritive'?actors contributes sigﬁifi~ |
cantly to its occurrence. In general the synergism of maloutrition
and infection is well recogniéedc Becauseyof poverty, tradition,
or lack of parental understanding, the quantity and/or quality of
the food availeble to the child is marginal orAat beét inadequateo_
Since the pﬁysical environment is unsatisfactory, the child suffers
from repested and; often, almost continuous‘episodes qf infection.
Illness ﬂacreases his appetite and undernutriticn itself contributes
to anorexia. Melnutrition renders him ﬁoreAspsceptiblevto a variaty
of iqfections and £here is again vicious c}cle which accentuatés his
already precarious nutritionsl state. Added to‘this is é frequent
lack of timely and appfopriate therapeutic intervention, andvthé
illness is prolonged @nd severe. Finally because the child is i11-
a large proportion of the time he has little opportunity ta learn, v
and may miss out on critical periods for the aevelopment of uarioﬁs

"

motor and cognitive skills (Hegsted, 1972). Psychological and
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intellectusl stimuli in his envircnnent are minimel, and whether

or not permanent intsllectual diszbilities are imposed by mal-

i/

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

is at present an unanswered question.

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

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

wide syndrome of cultural deprivatiom in which malnutrition is but J

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

damage results from sarly malnutrition, states in 1972 that
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¥it is obviogs that the mental ang motor retardation observed in v
this“under~p:iuileged group is not only due to.hutritional factors

" but perhaps to many others, i.e., cultural, edubational and socim—
ecunomic that affect the intelligence and deuelopmentalAcapacity

of the child." (Mnckeberg, 1972).

‘Exéept invthe instances of cystic fibrosis, coeliac disease /
and other méiabsorptionjsyhdfomes, malnﬁtritiaw never exists as an
isolated prqblem. Its co-existence with other debilitating social
and environmental factors is now well recogniéed. The relative
aetiologicszl significénce of non-nutritive factors in the develop-
ment of the syndrome is emphasised by Hepner and meiden‘in the con;
clusion of their report on under-privileged childrén as followss
"An organised, functioniﬁé maternal - child relationship prdmotes
normal nutrition even.with the rigors and handicaps of poor diet
and welfare existence in the slum, and ... a disorganisedy‘poorlg
functioning‘maternal ~ child relationship negates phe'advantages
of adeguate nutriént infake to the vulnerable repidly growing childg®
(quotgd by Hegsted, 19?2). This statement‘harks back,to thé priginal
descrifion of the causes of kwashiorkor ‘'given by Cecily williams
which included not only thé loss of the mother's milk, but the loss
of the mother herself. :The neme kwashiorkor msaniné tdigplaced
child?, which she gave to the syndrome, speaks for itsslf (Trowell;
Davies and Dean, 1854). |

In an investigation ofAthe factors related to the zetiology of
undernutrition, Chase and Martin (1970) found a significant relation-
ship between parental separation‘duriﬁg‘preénancy or soon after birth

and undernutrition in the child. These'authors suggest that the temm
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'psychnnhutritionél deprivation’ could be used for the sypdroms

in which rejection of the child mey be an important’ aetivlogical
factor. Again Gopalan (1968) failed to cemsnstrate a significant*//
difference in the diets consuned by children who subsequently ﬁa?
veloped kwashicrkof or marasmus and those who did not. The sup~
positign that kwashiorkor results from a restriction in teotal
caloric supply is probably an over-simplification of a complex .

situation, and the development of maraesmus on the basis of ana-

clitic depression in institutionalised infants has received ample

documentation by Spitz, Goldfarb, Levy, Ribble, Bowlby, and Denr;is,
and was reviewed by Yarrow in 1961. Bakwin (1949) and Talbot
(1963) found the evidence conclusive forv@motiamal and stimuius
deprivation as causes of infants! failure to thrive, and grow

and develop nemmelly in childhood. Senn (1961) recognises that

the absence of individual personslised nurture hss the effeét ot/
a disease. ‘The studies of Powell, Braésl andkBlizzard (196?)&

demanstréted‘gromth retarcation closoly resembling idiaopathic

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

et al(, whose study of the’relationship between emotional deprivetion
and growth Failufe ind;cated that the perents! parception of the diet.,”
fed to their children at homeuwss not always sccurate. The children
werarthus underfed as well as‘unloueﬁ; ﬁthe mothers!t af?ects were 5o
consumed by the emotional or social problems thﬁﬁ they had not accu~
rately perceived what theyisually offered their infants.” The pérn
ceptual distortion is not unlike that found in anorexia nervosa.

(N’Jtro Revs N 39?8} °
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A view point similar to thet of Chase and Martih is expressed w;
by fontagu (1971) who prnpases~thertezm 'sopic~genatic brain dsmags!
'for the functional expressions in the terms of ceficits in behoviour,
lgarning ability and intelligence, of a syndrﬂme characterised by
\ o
maternal and infantile malnutrition, soéial depriuétion and finally,

damage to genetic potential of ensuing genarations.

WHY STUDY MALNUTRITION AND INTELLEKTUAL DEVELOPIMENT?

From the foregoing a connection is apparsnt between conceptions
concerning the aetiology .of the syncrome of deprivation ang the pos-
tuiation of ité effects. Those who see malnutrition as the most
important factor in the astiology af the Syndrome iend to postulate
malnutrition as the direct cause of the physicel and intellectual
deficits demonstrated in its victims. Those who give equal weight
to undesirabie emotional and social factors in the astiology of
the total depfiuation syndrome récognise the relstive impmrt&mcé
of lack of adequate social, emotional and environmmental stimulstion
in the production of cognitive deficits. Questions relating to the 7
value of attemﬁting to separate the relative strengths of the various
contributory factors mey be. reised.

‘The first concern in sﬁudying the relatiﬁnsh;p between mélnutrim

tion and intellectusl development ié ites implication for prevention
and treatment. If malnutrition és such is the éingle most important
causative factor in the development of cdgnitive'deficits in undere
privileged populgtiﬁns, then a8 relstively simple.solution to a wide
spread problem 6? enoxmous conszaguence would be provided in large

scale dietary supplementation. 0Ong reviewer comments on this aspect

T i
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of the problem as followss

"If we arve to know whether distary deficiencies
per se are the cause of subsequent poor mental
performance, then studies will hsve to be con-
ducted which will separate the nutriticnal var~
iable from genatic factors and from meny environ-
mental variasbles. High priority should be given
to reseerch of this kind because the results have
~great practical importance for under-privileged
people everywhere." (Nutr. Rev., 1963).

MBnckeberg (1972) is pessimiétic about achieving this:
"Because humsn malnufrition is never an isolated -
problem, it is alimost impossible to analyse sep-
arately the importance of esach factor and thus ob-
tein a definitive, clear cut answer., The import-
ant thing seems to be, not so much toc know one ma-
chanism that producss psychological retardation
in the lower socio-cconomic group, but the fact
that this situation exists and that it interfares
severely with the individual's development and
therefore upon society's development.® .

In 1969 Jensen stirred a controversy by suggesting that the
failure of compensatory education programmes in reducing the
achievement gap between disadvantezged ('majority') children and
middle-class {'minority!) pupils wes predicteble on the basis of
genetic, raciel differences in intelligence (Jensen, 1969; ELysenck,
1971). The role of nutrition in the production of the phenotype
may have been underestimated in the pasty perhaps the benefits of
compensatory educstion could be rendered more stable and permanant
if combined with more adequate nutrition.

Academic concerns also justify any attempt to single ocut the
varisbles. It hss often been stated that the value of any theory .
lies not so much in whether it is valid or invalid, but in the amount

of research that it stimulates and gsnsrstes. Another reviewer com~

ments on this aspect of the problem as follows:



. 3
“Research workers should ... be concerned about the y/
false assumptions that are made which indicate that
all the facts are known regsrding the relztionship
of malnutrition to mental development. This could
stifle or preclude the nacessary rssearch besing un-
dertaken which will help on so many difficult aquss-
tions. There is clearly still a nesed for compre-
hensive longitudinal studies using a veriaty of
strategies before we can really estimate the role
of dietary deficiencies per se in the retardation
of intellectual development of children."

v

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

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

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

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

“unwarranted inber-species extrapolation can be minimised.

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

hood and subsequent retardstion in inteilsctuai development is one

.of direct cause and effect. If the findings prove tc be positiva,J/

it will be important to know st what age malnutrition has its most
disturbing effect, and what degree of meinutrition in.tarms cf du-
ration and saverity results in intellectual reterdation. ’The T~

sults of this study will hopefully contribute towards the formuls-

tion of answers to these questions.

bA
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HUMAN STUDIES OF BRAIN FUMCTION TN NUTRITIONAL DEPRIVATION

Hypotheses considering an essociation between early infantile

malnutrition and later impairment of intellectusl development and

function have two.sources of origin. ?irstly, even the eariiest
descriptions of kweshiorkor laid stress on symptoms of central
nervous system dysfunction during ﬁhe scute stage of the disease.
The descriptions typicelly includs apatﬁy, misery, peevishness,
lethergy and anorexia. imprévehent in the child's mental stete
has long been considered a favou;able proénostic sign,kand is
generally regarded &8s thevturning point in the course of the
illness. Tﬁis obgservation has been stféngthened by reports of
gensralised EES dysrhythmié during the acute stsge of tha illnegs
suggesting'én encephalopathy, and persistence of focal dysrhythmia‘
long aftef recovery (Engel, 1956; Nelson, 1959; 1963).

The second source fromrmhiéh‘these hypotheses‘derive is ths
accumulation of anihél experimental evidence for reduction of total
brain size as consequence of the occurr@nge of malnutrition during
the period of méximum brain gromth;‘ For a long time it was‘acceptn
ed on the basis of evidence svailsble from snimals studies that |
post-natal nutritionsl deprivation thot led to en éppreciable re-
ductioﬁ in the weight of the body and most of its organss>‘spareﬁ’
the brain in the sensé that ita'meight‘and chemical composition
remained unaffected (Ddﬂaldsgn, 1911). The idea of ‘sparing! of

the brain has gradually been questicned on the supposition that in
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terms of physical deveiopment, the brain and central nervous &Y S
tem is not uniquely different from any other organ or system and
is likely to follow a biologicsl;y Coﬁparable é@quenﬁial develop=-
ment. = Abundant svidence indicatzs a reduction in nhysical develop~
ment-in terms of final body size aé a consequence of malnutritioﬁ ’
imposed during the davelopmenta; pProcess, énd this could logically
apply to the brain alsoc. Humah studies over the past decade havs
fherefcre sought evidence of impairmsnt'ﬂf intellectual functiion
as an expression of reduced ﬁrain size or of structural ﬁamage
related to previous nutritional insult. Some of thése studies
have correlatéd head cifcumferences as an inﬁex of brain sizé with
1Q as an index of‘brain fgﬁc?ion.

The rélationship betueen physical growﬁh and intellsctual

development wes reviewed in 1930 by Patﬁerson.; A relationship

between height snd intelligence has since been generélly accepted

(Tenner, 1966). Fourteen years later Kugelmass, Poull and Semuel
(1944) made a clear formulation of the relationship betwecn mel-

nutrition and intellectual function, suggesting a differsnce bet-

ween the reversible effects of temporery starvation and ﬁsssibl&

permanent’ reterding effects of malnutrition wheraby anatomic and
biochemical lesions are produced. These zuthors analysed the

effects of nutritionsal improvement on psychological test performance

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

-

institutionelised, and the sample was divided into two groups esach
consisting of B0 normal and 41 mentally reitsrded children. One'group
was mainouriehed at the time of first testing but well nourished at

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

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

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

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

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

a re-azssessment of economic priorvities in that nutrition programmes

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

et al., 1971).

FIELD STUDIES:

The pioneerihg and most frequently cited field study was semiw
longitudinal andkbegun by Stoch and Sm}the in Cape Town in 1955,
The authors selected 20 of the most grosely undernourished (maras-
mic) Cape Coloured children that could be found. Birth weights were
said to heve been normal épart from 3 children who were below 2.5 kg.

The subjects were matched for age and sex with 2Dvchildren'whose

‘garly nutrition had been supervised in a creche. The groups were

comparable in respeét of parental intelligence, but tﬁere was a very
merked disparity in their living conditionss ?alcéhalism, illegi~
tamacy and broéen homes were the rule in the underncurished group,
whereas the contrql grouﬁ lived under more stable home conditions.
Only six of the parents of the undernourished group were gainfully
employed." Intelligence, head circumference, height and weight were
recorded épp:oximately svery two yeers. Significent difﬁerencea on
all these variables were found consistently through to the 1lth
ygar of followvup reported in 1968¢ The authors regard the reduced
head circumference toggther with the defects of visuo-motor and pat-
tern perception on the non-verbal sub-tests as evidence that lower
intelligence scbrcs in the undernourished group may be dug to organic
brain damage resulting from gross undernuvbrition in early infancy.

A follow up study of marasmic children’in Yugoslavia was reportsd
by Cabak and Najdénvic in 1865. The children had bsen admitted to

hospital for marasmue betwean the ages of 4 and 24 months of age during



.the years 1851 « 1857. Chronic disesses of
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the CNS and tuberculmsis
were excluded, and no child was more than 74% of the expscted weight
at the time of admission to hospital. Bﬁe-tﬁird 5? the group had
parents who mﬁra érmy of ficers or in the pfofessicns; the rest were
children of skilled ot uns%illed wérkers living in an urban area.
Thiity-six children aged T - l4.yesrs uere tésf&d an an adapted
Binet-Simon scale. -Fi?ty percent of tha grouﬁ scored mithin the
normal' limits of 91 = 110. One~third scored in the 'below normsl!
range of 71 ~ 50, and the remsining 6 children had IQ scores éf 70
or below. Thus half the group were below the limits of normal in=
telliéence and the difference betweén the number of children having
normel and sub=normal iﬁtelligence was significent. No local stan- .
dards for the dispsrsion of I§ werekauailable, so the results yere
compared with those .of Serbian children, of whom 21% pere below
normal intelligence as against 50% of the undsrncurished‘grcup;
and 32% of Serbian children were sbove the rangerf the undernsurished
groupeb The mean 1Q of the undernourished group wes 88, compared
with a mean of 93 fdr children from families of 'non-qualified!
workers. The undernourished group did not differ gignificantly in
height or weight from the local healthy écﬁocl children. WMo corre-
lation Q&s found between the age of illness and the subsequent Iy,
but there was a correlation between the deficit in the axpected
weight for age on D;igihal admission and subseauant test performancé.

‘A similar study on Indonésian children repofts comparable results
in 1967 (Liang, et al., 199).  The subjects ranged in ege from 5 - 12
years and were from families of the lower socio-economic level, iiving

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



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

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

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

values wefe found in children who had been malnourished and had

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

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

who had never been diagnosed»as malnourished. The average'IQ

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

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

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

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

tile of standard weight, but above that weight were a significantly
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larger number of childrer with IG above 30 on the Goodenough test.

~ There was a significant difference in the average score of the groups

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

and Goodenough tests. A more significant difference was observed

if the children were qgrouped according to theirvmeight in 1957 - 1959,
At the time one~third of the children were at expected weight for
age, and this group was an average o? 1419 points ﬁigher than those
who wére below their expested‘meight for age at the beninning of
the study. EEGs were performed on ASAchildren and no relation be-
tween EEG and nutritionsl condition was found. ~Thirty per cent
of the total had & mildly abhormal.pattern, but the proportion
was no highar in the malnﬁurished than in the healthy children.
Perhaps the most complete studies were those thet have emanated
from Crayioto and co-workers in Mexico since 1960 (Cravioto and
Robles, 1965). Reports by Geber and Dean in Ugandz, Berrera*mUmCQda
in Venezuela and Robles in fMexico sll indicsted that undernourished
children tested with the Gesell‘scales showed a marked retardation
ih all four areas of behaviour sampled by the technigue. A fur-
ther study by Berrera-fMoncada showed that intslligence tests glven
2 years éfter discharge to 20 rehsbilitsted cases who were all dldert
than 2 years iD months at the timé éf admission showed>normal 13
scores. On the basis af‘these Findings'Crauioternd co~-workers
hypothesised thst the’effect of severe malnutrition on the mental
development of humgn infénté would vary as a function of the period‘
of 1life at which malnutrition wes experienced. To test this hypo=
thesis all severely ﬁalnqurished children admitted to the nutrition

ward of the Hospital Infantil de Fexico during 1959 were studied.
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Twenty infants hospitalised for severe BCN were examined on the
Gesell scale EVefy two weeks during fzeatment and rehabilitation.
On the first examination, conducted just after the acute electrolyte
disturbance and infectious processes had been corvscted; all infants
scared considerably below age norms. During_réhabilitation 14 chils
dren who had been admitted for trestment between 15 and 42 monthg‘of
age came pfagreséively closer to age ekpestation. However, the
developmentasl deficif shown on admissionvby the 6 infants whose mal-

nutrition led to hespitalisation before the age of 6 months wes

still present after complete rutritional rehabilitetion. Cravioto

- (1970) also quotes unpublished data of Brockman and Ricduti who

studied cognitive functioning in a group of 20 Peruvian childrank,
aged 12 - 42 ﬁanths who had been hospitalised becauss of severe
marasmus when they were between 2% and 42 months of‘age. Thg test
performance of the infants receversd from malnutrition‘was signifi-
cantly below that of a control group of Childrén who had no history
of severe malnutritidn and who were taller than the children re-
cerred from severe marasmus. Further eyidence citeg is from a study
by Pollitt and Grenoff_who comparéd 19 @arasmic children and 8 sib-
lings on the Bayley Infgnt Scales,o?(ﬁenﬁal and fotor Development.
A1l were below 3 years of asge at the time of study and the sitlings
were of similar sge but with weights, heights and head circum?erencg
within normél limits. It was found that while the siblings were -
developing according to s ge expectations, l7‘cf the 19 children

recovered from maresmus had severe mental and motor reterdation.
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Cravioto (1870) derives the general conclusion frowm these

studiegs thst %protein calorie malnutrition occurring in the first

year of life, if severe snough to merkedly retard physical growhth and

4

to fcrte’the infant to ke adﬁitted to 2 hospitel, may heve advérse
effects of mentsl development. If the duration of the untrested epi-
sode is langer than 4 months, particulanly during the first months of
life, the effects on mental perfcrmanoe mey be so intense that it will
produce severe mental retardation incomplately corrected by nubrition-
al rehabilitation.“, In Qubaaqu&ht studies Cravioto (1970) compared
chiidren whd had‘pean heépitalised because of severe melnutrition
béfore the age of 30 months with the sibling closest in agé to the
index case. Viewing the human organisem 2s an agenf that processes
informstion, énd recognising the imbortance of leerning to read ond
write, and thet these skills are dependant on an aﬁequéte development

of auditory-visual and visuzl-kinesthetic intersensory integration,

‘Cravioto studied these functions according te the fechniquez of

Birth and Belmont rﬁthér than making use of conventional ﬁegts of
intellectusl Funﬁtion. The functions of intersensory integration
had the addifional advantage of showing cleesr-cut Gevélopmental
cause in normzl children during the firstﬂachoal yesrs. The group
was stratefied according to social élass into high, middle, and

low urben olassﬂ.anq rural low clsss. On auditory-visual integro-
tion the siblings in tbe Iow urban scecizl closs had scorze below

those corrssponcing

-with children of the same age but of & bettsr
socio-gconomnic condition. The improvesent in suditopy-visual
competence with sge was cbvious Tor all socizl classes and Tor

rural and urbsn environments. When the performance
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age by age of siblings and index cases was compared, it became
apéarent that children recovered from severe mainutrition were
well‘balom>their.siblings, thus scoring well be}aw their gxpectad
uélues for their class; Equiu;lént results were obtainea ina
study of Qisuc~kinesthetic intersensory integration.

In 1966 Cravioto and associates published the resdlts of a

~study in NMexico which relsated height to inter-sensory organisation

(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 villege of Guatemalia. flalnutrition was defined

.retrospectively on the basis of height for ages: a child who showy-

ed significant diminution of stature relative to his age in the

total villsge population was assumed to have an incressed likeli-

hood of hauihg been at risk of early meslnutrition. In this way

an experimental group was identified representing the lowest

‘huartile 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 groupe was ob-
tained to control for genetic factors. A second control sample
drawn from an upper d.aés urban poﬁulatimh was selected bonsistm

ing of children of the same age who exhibited the eguivalent
differences in height but who had little or no likelihood of

ever having been at‘nutritiénal_riskg Brood details on the socialy
economic and educational state of all families wss collected. For
the rural children a différence'in height waé accompanied by a
dgifference in the intér-sensory integrative ability. This relation-

ship was not found in the upper class urban sampe. The authors
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discussed the findings in term@ of two possible schemes, viz.g
1) that both inter-senscry development and malnutrition arise
out of sociel impoverishment where poor staiure Is an incidental
sequel to the malnutrition, and 2) that both poor interagensory
develooment and low stature are sequelae of mslnutrition, itself
arising out of poor socisl conditions. Bﬁ the basis that peor
inter-sensory functions and low stature were not significantly
associated with adverse sécial conditions, the'authors fauour
the second scheme, thus relating reduced inter-gensory ability
direétly to the possibility of early malnutrition as ggaged by
reduced height for age.

The Wechsler Intelligence Scaie for Children in its NMexican
form was administered to 37 index cases and 37 siblings. Fullv
scale IQ's evéréged 13 points lower for the index cases than for
their sibliﬁgs. Verbal and per?orménce I were also significantly
lower in tﬁe previously malnourished gfoup. Cravioto concludés as
follows:- "irrespective of the presence or absence of a pre;imus
admission to hospital because of severe malnutriticn children
developing in this milieu have a higher probability of showing
poor performance on intelligence testing, as well as in other types
of testing relating to basic mechanisms for learning. The presesnce’
of an episode of malnutrition occUrring early in life énd of enocugh
sgverity to force the child into the hospital increases the chance
of scoring in the low range® (Cravioto, 1970).

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

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



treated successfully for kwashiorkor in infancy. Nineteen chile

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

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

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

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

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

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

experimental subjects ~ markedly so in the younger age group,

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

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

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

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

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

the emotionzl stress and anxiety incidential to the hospitalisation.
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2) mhether the poor performance of the experimehtal group is
merely a.reflecticn o?'the low level of intelligence, motivation
and resburcefulness - factors which determineAthe development of
full~fledged kwzshiorker in the children.

In71968 Bothz-Antoun repérted an investigation of 22 Children
aged 4 ~ 5 years, whese eardy nutritional status had been wzll
definedp ‘Both e%perimental aéd control groups were drawn from a
large sample @ho took part in a longitudinel growth study from
birfh to 3 monthé of asge. Children in both groups had normsl
births and normal neo-natal periods. The nutriticnal status of
most children was setisfactory while they were breast-fed in the
first 3 months of life. Thereafter PCH eppeered iq the experi-

mentel group and all children in this group fell below the thicd

- percentile for height and wéight at some stage dguring the firsﬁ

18 months of life. flean differences of 14 on & regfsed Stendford~
Biﬁet Test.wére found between the experimentsal and contrcl groups
and the difference was reflected in both verbal and perform;nce
scores. The groups also differed significantly in age of start-
ing to walk and talk, but the scores wére within the ncrmal age
range on,thé Gesell Scale. Although intelligence scores of the
twavgraups of parents did not differ significamtly, the authors
regcognise that the exparimental and control groups were exposed
to qualitatiueiy different environments and matefnal attitudes.
Sibling controls were used in a study of the effects of
kwashiorkor and intellectual development in Cape Coloured children
in 1968 (Evans, 1969; Evans, Moodie and Hansen, 1971). Fforty

children between the ages of 8 and l4kyeérs were studied, hsving
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been édmitted to hospital with kwsshiorkor between the ages of
10 - 49 months. The control group consisted of 40 siblings aged
8 - 15 years, eéch being the nearest in age and of the. same sex
as the experimental subjéct but without any history of acute

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

‘Africen eouivalent of the WISC) no significsnt differences were

. found between the experimental subjects and controls on full scale

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

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

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

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

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

Inter-group differences in test scores were therefore sought and
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significent differences betwesn the lste-onset mﬁéshiorkor
subjects and their éiblingﬁjwereAqund on the Harris-Goodenough
score and the Arithmetié @;ablehs sub-tast of tﬂe'ﬁ&éZSe This
finding correleted with significantly poor scholzstic achisvement
in the late onset sub-sample when compared with tha contrel group.
This study cancluded that whilst an acute opisode o% RCM did not
significently lower intelligence score, the passibility’that DY O
longed nutritional deprivetion fetarded intellsctusl develsﬁment
had not been excluded.. This retsrdation could have been caused
by interference of emotional factors in the children's cognitive
processes

Arnother sibling study wasvreported by Hertzig et al. in 1872.
Seventy-four Jémaican boys who had béen‘treated in hospital for

severe infantile malnutrition during the first 2 ysers of life

»

~‘1O ys:fs. These were
compared with 38 male siblings (i.e. children ﬁaving the same
bioiogical mother as the index case )-_4In sddition to the sibs a
cless-mate or index cése being the necrest in age of the sama sex
was selected. This résulted in 71 matched pairs of index and~com-
parison children. ?or full sczle, verbal and performaznce 1Q the
index ceses have the lowecst SCYres, the sibs occupied intermediste
position, and the comparisocn children had the“highést SCOTES .

The index children were_? - 9 points lower than the comczrisons
and cach of the differences uss statistically signi féc nt (p less
than G.00l}. For full scale 1G, 23% of the index csscs comperad

s 1, 4 - . I3
with 7% of the comparison children performed at or below the floog

of the test. (p less than 0.01), .The proporticn of minimally

[
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functioning cases in the sib group wss not significantly different
from sither the index or comperiscn groups. No correlation'wés found
‘between sge of hospitalisstion and IQ, end Pearson co?relatiums Lrie
dicated a random relatﬁénship between the age at hospitalisstion und
the 1§ at schaol sga. There was no Bignificant difference in the IQ
between the two groups of children édmittsﬁ netwueen the ages of
8 - 12 monthslsnd‘lS - 24 months respectively.

Another prolific wiiter on the subject is MHnckeberg, who in
1968 expressed certainty in his conclusion that permanent brain
demsge results from early mainutritiom. ?ou:teen Chilean children
sdmitted to hospital betwssen the ages of 3 - 11 months were follow-
ed after tfeatmeﬁt, correction of the undernutrition being attempt-
~éd by an adéquate free supply of milk to thevfamilies; The children
were tested by Binzt and Gesell methods mheﬁ the sge renge of the
group was 3 ~ 6 years. The auerag@'Binet 9 waé found to be 62
and in no éaée above 76‘  This @as significantly less than the
aversge of Chilean yre-school childran of low socio—economic'level.
On the Gesell test, only 1 ch‘ld attained the 42nd month in all.
4 zreas. The best develdpment was ususlly in the personal-
social area;A the most retardation uwes sésn in language. Head
circumferences were definitely below normal; heights were ail
e Low avérage (3rd percentile) uberess weights 211 were found to
‘be sbove average (3rd percentile}. The reiétien of weight tp
height was above normal, in some cases so much zs to give the
impression of obesity. The suthor aftfibutes the low test scores
of the droup to brain damage directiy resulting from a disturbsnce

of protein synthesis during brain growth, and likens the effect of
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malnutrition during the fifst month of 1ife to thet of hypo-
thyroidiéﬁ, galactosaemis, and phenylikstonuria. The ifreuersim
bility of the brain damege is seen in thé lowness of the scores
despite improved nutrition es indicsted by the sbove average dey
meighﬁsf'
| mﬁnckeberg derived further eviderce fTrom a study of tbe rela-
tive influence of social class and‘melnutfition on psychological
deficit. He tested 153 pre~school children.mithin three social‘
groups. Group A included midd@emclass childrens Group'B and
Group C were frcm the lower class with the same average income
per capita and similar educaticnal legels o? parzants. Grc&p 8
was from a populstion with no melnutrition, due to free distri-
bution of milk and madical assistance over the period of 10
years. The proportion of children with’normal intelligence was
essentially similsr in Groups A and B; whereas in Group C only
5b% were nérmal. The author recognises that a supplemental feeding>
prégremﬁe affects the enuironment, mezternal motivation, and nu-
tritional state, so that the differences in intelligence level
cannot be ascribed entirely to the nuﬁritibnél factor.

A further study éf the epiaemiological type wss published by

M8nckeberg and co-workers. The group consisted of a random sample

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

Santiago where living conditions and housing were sub-standsrd.
Under-nutrition in this group was prevalent with different degrses

of growth retardation, but none of the children had cedema or

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

~standard for age. Group B consisted of 90 children from the
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Chilean middleg~class with o similsr age rangé to ;rCup A. Thgir
nutritiocnal status wes considered normel according to the Jowa
standards with weight and height not less than 80% of the stendard.

o

Developmental gquotients were derived on sach child from scores on
the Gesell and Termen~lerrill scales, @nd the intellectual levels

of the mothers was abtained from an sbbreviated form of the dYechslar-

ot
e

Belleumé Scale. A nutriticnsl survey wss made in epuery home, wi
a chemical analysis of samples of food consumed during a seven déy
period. Theare werevsubsténtial differences oetueen the tﬁo'groups
in terms of family inqoﬁe,_educaticnal status of the parents, and
especially in the intellectusl level of the mothers, which show—A
ed a significant differenéeA(p less than 0.001). The sercentage

0% the children with aﬁ IQ within normel limits for their age was
also significantly different (p less than 0.001). Group A children
had significantly lower developmental quotienfs ih.all areas of
function tested. 1In order to determins-whather‘a‘relationship
existed between the 04 and nutritional conditions, two submgroups
from Group A were allocated according‘to théir nutritionel stotus:
thoém whose weight for age was be low the’3rd Iowa percentile and
those whose weight for age was Qver the 10th Io@a percentile both
showed a marked difference in B in every =2rea. Even Children‘
with an scceptable nutritional condition (weight above the 10th

percentile) prasented lower values in zll areas than pre-school

‘children belonging to Group B. However a significesnt correlation

was observed between growth retasrdaticn cnd low intellectusl level

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

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

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

a causal relationship; and does not allow for the possibilify

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

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

of twins, one dizygotic and one monozygotic. Children with eny

s
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evidence of organic diseass leading bo undernutrition, and those

with neo-natal diffic

s

lties were ex3¢ﬁdeda with the exception.

of one child from each pair of twins, birth weights were all above
2 kgs. Ninetean chilqran of similar socio-economic-status to the
test children wers choéen as contrals on the basis 5? birth date,
weight, sex,‘race, and hauing been born snd followed at the same
hospital. 1In addition the siblings of bhoth mcntfol and test chil-
dren were scresned on the Dsnver Developmental Screesning Test.
Maternal intelligence was estimated with the vocabulary sub-test
of the wechsler Adult intelligencé decales ‘Child/pafent interaction
was evaluated in the children's homes using the Home Sﬁimuiation
Inventory Scale, and social cond;ticns‘were evazluated in the hoﬁe
by means of the San Matgo County Family Social Fantioning Scale;

A

All families were rated by the same socisl worker on the bésis af
direct observationvand enquiries. The index and cmntfol children
were tested blindly on the Yale Revised Déualqpmeﬁt&l Examination.
At 3 mean of 3% years after admission for both control. and test
ghildren the developmental quolient wes Sigﬁificantly lower in the
test children (p less then 0.01). The test children were lower in
all five areas of tﬁe deuelopmenﬁsl'qunt;ent,‘but @ere particularly
low inblanguage. Contrel children were also low in ;anguage but
ngt‘as impaireﬁ as the test children. These children’admitted to
hospiﬁél with a dﬁratian of under~nutfition exceedihg’the firast

4 manths of life wérg mostly severely impsired with‘a mean DU of
70, All 5 areas of development @ere statistically lower than either
ﬁhe control childrén or the children admittgd with undernutrition

before the age of 4 months (f less then 0.01). The OQ of the test

1]
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children admitted to hospitel within the first 4~mmnths of
life was not significently different fraom thet of the control
children, Physicel growth algo corrslsted negatively with tﬁe
duretionAof undernutrition in the first year of life, with tbe

E!

children admitied to hospital after the apge of &'mahths of age
particularly low in all indices on follow up (Height, weight,

' . . J
head circumference). The group admitted tg hospitel efter the

. age of 4 months contsined significantly more children below the

3rd percentile in weight and height (b iess than 0.001). Dif-

ferences were not significant for weight or head circumference

betyeen children aamitted prior to & months of‘age and the cone
trol children. In social functioning the familiszs of the test

and control childreﬁ differed only in the catsgory "health status
of family other than the patient® (ﬁ'less than 0.025). A similar
number of families in both the contrel and test‘grcups dgmonstratad
severe problems in community relstions, family relations, ahd gco=

nomic functioning, but the Home Stimulstion Inventory Scale dis-

criminasted between the two groups and the difference was signifi-

cant (p less then 0.01). There was no statistical difference bet~

ween ihe values for mothers of children admitted prior to the age

of 4 months end mothers of children admitted after that age. The

- proportions of control and test mothers with lbm intzlligence was

not significant. Thirty-three siblings of the‘test group and 19
control siblings mére examined. No significant differences betwesen
the two siblings groups were found for height, weight and head cir-

cumference. Of 27 preg-school test siblings =zssessed on the Denver

Developmentel Screening Test, three feiled and in two of these
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cases other siblings in the family besides tne index case
vere known to haﬁé‘baen undernourished., Of }7 pre«sbhool Cone
trol siblings &sSesséd on the DDST there was one failure. Ap-
perently no compariséﬁs were mede beitween fhe nourished or con-
trol children and theiy siblings.

The authors address themselves to the investigation of face

tors relating to the setiology of underrutrition and attempi to

discover why the test children were allowed to become undernourishe

ed to the point of requiring hospitsl treatment. feternal age,
parental height and educetionzl attainment, maternal low IQ, and
sogial deviant behaviour octurred with similar frequency in the

two groups. However the number of siblings under the age of 2

years at the time that the index case was born was grester in the

test than in the cdntrol.familiége Parental separation during
pregnancy or soon after birth occurred with a highar Frsquéncy
in- the tést Famiiiess and in four out of eight cases ths index’
child bore the exgét_name of the absentee father. There was also
a higher evidence of‘unwanted pregnancies in the ﬁest famiiies
than in the control families. The suthors coﬁclude that: "five
fac£ors were found that probably resulted iﬁ envifonmental stress
to the mother at the time of the undernutrition: parental éepara~
tion; alcohol—related oroblemss inadequate financesj 1larger
family; and the stress of one or tuo aﬂditioﬁal children umdep 2

years of age." The cight mothers of test children whose husbands

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

ES
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believed to have been emotionally'upset et the time that the child

became underncurished. The suthors receognise an znalegy between



child-battering and infantile undesrnutrition in a select prém
portion of cases, and in.view of the multiafactorial preblems

in the production of undernutrition éuggest that~the‘term
'nsycho-nutritional deprivatioﬁ‘ could be used to describe these

children.

METHODOLOGICAL PROBLENS

The investigations reviewed above illustrate fhe difficultieé
attehding the study.of,th@ relationship betéeen malnutritién and
intellectual devalophen£. Cobos (1972) conceptualises the diFfi~
culties under thfea headings.as follous: |
l. tlack of precision in the definition of malnutrition.

2» Occurrence of malnutrition wiﬁhin the context of massive
vdeprivatioﬁ{
3. Lack of precision in the measurement of péychulogical deficit.

Nutritional status is gehéfally established anthropemetricelly
by measuring deficits in physical growth. Hé@éver, the veriations
in anthropcmetricAmeasurements and their relation to the effects
“of nputrition are not fully understood. Some studies (Cravioto,
"1966; Stoch and Smythe; 1963) hzve selected children’whq showed
poor'groﬁth and were therafore‘assumed to héve been chronicelly
“malnourished. Cobos suggests thzt a maré accurate way of sssess-
ing nutritional status would be to measure food intske. This
hpwever, particulérly in a‘fetrcapec£ive stﬁdy such zs ”mﬁmckeberg's,
is likely to be uﬁreliabla. Protein-calorie malnutritién‘is usuall?
Slahed for deficits in psychometric scores, but it is recognissd
that it is ektremeiy difficult'ﬁo ispiate pure forms. of proiein

deficit without associated deficits in other nutrients. The study
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of Liang {(1967) is the only one which singled out & szpecific

3

ng to note that the subjecis

pe

vitemin deficiency, and if is iniarast
deficient in Uitamin A showed a‘greaﬁer deficit in IQ score compared
with those who had suffered from PUM alone.

All authors have recognised that malnutrition does not occur

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

No-one has succeeded in controlling the multiple vaerisblss that

indzpendently affect both orthodox tests of intelligence and other

psychometric tests of cognitive function. The use of siblings

16 probably the most satisfactory way of achieving this control,

£

but as noted introduces the problem of chronic sub-clinical mal~

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

flartin (lQ?Oj has cloarly .shown that the status quo within thes
family is not necessafily maintained frem sibling to siblingS and
that psychodynamic variatioﬁé.Mithin‘the family are in fact among
the very factors which determine the occurrence of an episqdé
of'acute malnutritioﬁ inra particuler child within a chronically
sub=nourished femily.

Lack of precision in the measurenent of psychaloéical deficit
reéfers to the possibilify thét malnutrition affects differential;y
scversl areas of.psychologicalvFunction. This diffe?ential‘impaot
may be further complicated by the possibility that the severity of.

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

critical periods of behevioural and/or orgen development may de-

termine the significance and the reversibility of the psychological

~deficit, and also the particulsr area of behavicural function affecg~

2

ted. Apart from the usual difficulties in the definition of



intellioence and the rescognised intricecies of the methodolagy

O

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

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

rived from a culturally different pcpulation, various typss of

centrol groups hsve been selected which in turn have introduced

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

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

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

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

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

qroup aSSighment was not revealed to thevpsychologisté administer-

ing the tests.

The need for a cbmprehensive_model of malnutrition is stressed

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

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

food ‘availatility (FA), physical heaith (H), psychological {Ps.F)



and familial (F.F.) snd sociclogicol (SQ?‘} factors.

The elements in this aystaﬁ are relatesd to eéch cher’anq to
the total system in mayé rnot yet well ;pecifiad. Each element
in itseif is alsmia éubnsystem, the exact composition bf whi;h is
generally unknown. For exampls the availability of food is usﬁally
linked'to'factors such és economic status, family size and Fobd
habits, which in turn may be,relatgd'to aspectsAof social dis-
organisation such as a;caholiSm, parental'séparation and unemploy-
ment. Melnutrition is thus the~reeulthpf the mutgal interaction
of ﬁahy faétors, some or a1l of which are ﬁresant>at var;ous levels
in vafying degrées.v |

A detsziled anslysis of the functions of fesd and the effects
of dacréase in such>Fuhcﬁions is provided by Cchbous, in terms of
which food has mechanical, biochemicsl, phygiological, psychélcgi«
cal, and sociological significénce. In terms of this analysig,

psychological test performance may reflect the effects of food

.reducticn at mechanical level as poor development of perceptions

n

at a biochemical level as impairment and alteration in CNS function

andvstructpre; at a nhysiological level as incresse in the risk

oé infection and illness with consequent reduction of concentrstion
ability; at intra~individual ps?éhological level as the activatiﬁn
of mechanisms toAinﬁrease survival with heightensd attention fo the'
'self! and less attention to the extra-individual fsctors; at.an
inter-individual psychological level as materﬁal-deprivation with
conseguent damage to all areaé of psychological development and

primary socialisation; at the intra-familiasl psychological level

as syndrome of family deprivation leading to damege of psycho-social



-3

development and secondary socialisation; end the sociological
level as identificeticrn with a ﬂdfgl““i group and imaoverishment

of psychological and sccial anvironment and performsnce.

THL EFFECTS OF FO0D AND STICULATION DURTNG REHADTLITATION

is the well—kn wn fact th

Cobos (1972) describes the design OF a proposed study known
as the Haruard-I.C.B,F,~§ofnell Project. The project oims to ex-
plore the question of whethér mélnutrition causzs deficit in de-
fined psychological aTreas, and 1if pdssible to clarify the extent
to which the psyclalngl al deficit may be prevented or reuefsed
by food supplementation. An attempt is being mide to discover
whether the possible nutritionsl causes of psychologicsl deficit
can be distinguished from other causes by determiﬁing the nature
of the interaction between nutritionzsl and otherbnon~nutritiongl

chtDT% affecting peychological funciion. A basis for the design

ey

t siblings have highly correlsted
psychological scores, a fact which nas been confirmed in the pilot

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

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

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

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

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

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

Griffiths Scale of fental Measurement will be used to derive a

"Cagnitive Develepmentsl Quotient."



Preliminary results of the pilot study published in 1872 ir-
diceted.thsl various combinatisns of the social vaniables significante
ly accounted for gICUnsiderable_part of the varisnce in the'indivi—
dusl psychological tast scores, and suggested a Consideréble over-
lab betweén the nutritionél scales and the combinations of sociclogi-
ca; variables. However even after the measured sociasl variables
had been aécounted for,"nutritional féctors had an impact on the
b'psychological test scores. The sﬁudy promises to be the most den‘
finitive one so far undertaken.

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

identical medical and dietary treatéent; At thea beginning of the
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study the meén aée'of the stimuleteod grovp was 33 wezks and of the
unstimulated group 30 ueseks. The mean weights were 33. O,o an

52.9% of the SDth'percentile nf.the Boston standzrds respec iu“lyg
A1l children @ere testod over a period of_four months at 2 weék
intervals on the Griffiths Mental Develepment Scale. The sﬁimulaﬂ
ted group had a mean UL of 51 at the beginning of the study, and
»the'unstimulated group & mean O aof 463 the difference wes not
sighi%icant, S5ignificant correlstions hOJﬂvcr were found betyeen
“the DQ and weight (p less than G. 0l1) and etween 0§ and head cirw-
Cumferenﬁe (p less than 0.001). Both groups shoued improvements

in the D scores as they recovered physics 211y, the stimu ]a ed group
to a algﬂlx]””ﬂtlv gr cﬂcr éxfent than the unstimulsted group. at
the seventh tésting sescion thé gan 04 was 7Q ;nd 75 for the sti~f
mulated and unstimulated groups respectively. vﬁt the eighth session
the mean for the unstimulated grbup dropned to 66 whe:eas the mean
for the stimulated group rose to 78. The suthors d; not expla

ki

this charige in direction, which raises gusstions about the relia-~

bility of the test empluyoue Over the entire psriod the greatest
improvement was in the arcs of personzl-socisl fﬁnction in both
grbups. At the end of the observation period the greatest remain-
ing deficit was in:the srea of hearing and specch.

In a more recent paper (Yaktin et al., 1971) the authors re-
port on a stimulated group of 28 children, an unstimulated group of
27 children and a cdn#rol group of 35 healthy children from the
same éommunity and metched in age and sex, bub significsntly diffe-
rent from the experimental groups in terms of weight, being 1065 of

the standard. At the initial test session the control group had

&3]
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,
D
)
)
e
+
"
dnea

mean O of 106 in cont

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

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

4

group was significantly superior to hoth experimental groups (p less

than 5;01). A difference between stimulated and unstimu
became significant only from the third session (p less than 0.0S);

at the 4th.to 7th session the difference incrgased (p_less thah 0.01)
and at £he 8th sessinn the difference became less pronounced (p less
than 0.05), Aﬁ;in the greatest deficit aﬁpsaredvin'the language

area. There was no sgnificant difference between sessions in the

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

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

of 82 on dischargé, lé children admitted cver the age of 12 months
had a mean 0Q of 61 on di“charge. The differenteé between the three
age groups were significant {p less than O.Ul)lindicating a relation-
ship between dufation of:malnutriticn and‘severity of i“pairmentb

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

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

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

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

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

environment.
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A similar study is reported in sbstract by Vitale (1370}.
Over a three yesr period there wag & significant inéfease in the
Gesell Df of children between 1 - 4 years of age feﬁ'foad supplew
ments and provided with médibal care. A compareble age grogp DT0-
vided with only'medisal bare showsed no.Signifiéant increase. QCoupled
with the ihcrease~in DR was an intrea;e in head circumferenceg sfa«
tisticallyAgreatér in the food supplement group. Medical care and
medical care ﬁlus‘foad supplement had verying effects on the reduced
DQAof children aged 6 -~ 16 years on Porteus, Goodendugh; and Raven
Tests. There was no increase, a slight decreass aﬁd a‘significant
increase for medicel care,énd madical care plus food supplément groups
respectively. However cnly the medioalAcare plus fuod supplement
group had a significant increase in the DQ on Dearborn Scale. The
infant mortslity rate;anﬁ'the death rate for the 1 }'4 year group-

-

fell significéntly without any apparent effect of food supplement.
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ANIMAL EXPCREIMENTS IN NUTRITICHAL DEPRIVATICH AND
HEURAL DEVELORPBENT

flore than 50 years hzve elapsed since Jeckson and Stewart

ngs on the effect of verying pericds

(1920) published their find

R

of inaniticn and subsequent nutritional rehabilitstion on new-~born
and weanling experimentsl animsls cf several species. One of their
main conclusicns wes that nutritional deficiency imposed shortly
after birth had permahent end obvious effects on the subsequent
growth of the smimal, whilst transient malnutrition ocourring at a
later age depressed growth only for the duration of deprivation
without,aFFecting ultimate size after nutritional rehahilitaiicn.
The stage of deuelopment at which the young animel ceased to be
vulnerable to permesnent impairment of the growth potentizl coulﬁ
rnot be precisely defined and esvidently varied emongst specicse;
however it usually occurred shortiy after the end df the normal

suckling period. Sincé then it hes been demonstratsd experimen-

st

tally in many species thst if an anima ie deprived of the essen~
tials for growth during critical Stages of postmnctai develcpment,
it will remain nhys xcclly retarﬁed, notwithstanding later correc-
tion of the dietary deficiency. (lWaterlow, Crayioto and Stephen,
‘1960; Widdowson, Dickerson and WcCance, 1560). ﬁcCance‘haskshswn
in experimentel animals that wbather ma lnutritien hss temporary

‘or permanént effects on body size depends on the weverlty, duration,

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

in general "the earlier in its development an animal receives a



the leess likely it is to resch its full

nutritionsl sei-back,

genetic ststure.” (fcCance, 1968). The critical phase of nu-

tritional vulnersbility can thus be identified with‘the_period
of maximum growth, whicﬁ in many infrahuman mulgipargus species
takes place predomingntly during the pre-natal period of develop-
ment.,

Hypothetically this knowledge can be epplied specifically
to the growth of the bfain‘and deveiopment of the CNS. The con=
cept of *sparing' of ﬁhe brain from the effects of nutritional
insult based on the work of Donaldson (1911) was‘challenged in a
series of pibnegring investigations during the 1960's by Dobbing;
Widéomson, and Davisén which demonstrzfed that 5oth severe &nd |
modest degrees of nutritional deprivetion exserienced by the ani-
mél at a time when its nervous éystem was'developing most rapidly
resulted in réduéed brain size a&d‘in deficient myelination.A:Thé
defiﬁits wére not made up by.subseQuent'nutritioﬁal rehabilitation
(Birch, 1972).

Two main OVGrlabping hypotheses sbout the vulnerability of thse

devela2ing brain have already been exftensively tested. Dobbing

(1870) states that "the brain is likely to he most vulnerable to
parmanent restriction from undernutpitiom during the pericd of the
‘brein growth-spurt!, the transient periﬁd durinéAwhich,it is
passing‘thrcugh the rapid phasé of its sigmoid growth trejectory.”
Dobbing adds two corollaries, firstly, thaf the nearer the growﬁh»
spurt, the milder neéd be the undernutrition te prbducé permanent .
res#riotion,.and the fu;ther awéy, the more severe until in the

v

adult there is no great effect on brain compesition from very
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severe stervetion. Secoundly, in visw of tpe different rates of
growth in different brain regions and along different perameters,
underngtrition at any oné stage will produce different effects in
relation to the rsglonal Qeiocity obtainiﬁg at the time, Another
main hypothesis is oroposed by Winick and Neble (1966) that "Ungde e
nutritién dguring tre grcwth periocd in any tissu; when cell division
is taking place will laédttOAQBIMEHEﬁt regucﬁion in ths numbefs of
cells attained. Later umderﬁutrition, at 2 time when growth consiéts
mainlf of an incraaserin the size of cells, will resull in a reduc-
tion only of cell size and this will ke recoversble on restorotion
of nbrmal nutrition,“ This mouldlexplain the pﬁenamenon of 'caﬁch~
up? dn‘rehabilitatioﬁ éubséquentAto relatively lste bnsetbdepriugw
tion.

Dobbing (19?2)'5985 a superficisl résemblénce betueen these
hypotheses and thg hypotheses relating to criticasl periods in the
development of motoric and cognitive skills during whicH experienéa
and.environmental stimulation have an optimsl effect. The critical
periods fdf imprintind. socialisation, and agquisition of caénitiye

=7

skillé are déscribed by the developmentsl behavisuristé as periads
of‘inéreased activity in that thé arganism is more susceﬁtible to
dévelapmental progress, By contrast, the use of the term by neuro-
biolegists refers to sensitivity in terms of vulnersbility of de-
Qelopmental ﬁhéses to interférende with developmental prccésses.
The field of teratology has‘acouﬁulated knowledoe of very precise
moments of susceptibility during pericdé of organ deveiopmemt at |
~which specific insults may result'in gross disturbances of final

sgase, druge,

e

o shape and form. In experimental animals, viral d



b mmm

45

‘specific nutritionael deficiencies, X-irradiation, and even a short

enisode of mild pyrexia,‘will produce deformities in the ;Ns.depend~
ing on the precise timing of the insult in ralat;on to embryélogical
gvents.

Tﬁe growth éhd méturaticn of an organ et cegllular level éomprises
four stagesi~ proliferation,}migration, differentiation end death.
This sequence of eﬁents is observed in all parts 5? the brain, . but

the‘timing differs from one cell type to another, and from fegion

to region. The cellular composition of the brein is relatively

heterogeneous, and this contributes to an extremely complex pattern
of development when the brein is regafded as s whole (Herschkowitz
and Rossi, 1972). Velocity curves for brain growth have been cen-
structed for & variety of animal species using whole braih'meight;
total brein cholestrol and fissue deoxynUCleic acid. - phosphorus
(D.N.A.gP) content as indices of development by Dobbing (1870, 1972).
The majoT brain growth~spurt‘may be said to begin in ell species at
about the time the adult riumber of neurons is virtually schieveds
by the end of the second trimester of gestation invhuméns (25 weeks),
or at birth in the rat. This bcint,howeuer cannot be regerded as

the end of cell multiplicétion, and the hetsrogeniety of brain Cellg,
and the different times at which they divide causes difficulty with
the cell division hybotﬁesis, Neurons multiply very'early, mainly

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

neurons are,virtually achisved before the growth~spurt begins.

VHomever, the greatest number of brein cells areg the glie, and these

begin their oun mitotic growth-spurt after neuronsl division nhas

cessed and.coocurrently with the growth of dendritic processes and

VY
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- connectivity. Experiment=l testing of both nypotheses sc fzr has

imposed nutritional restrictions at @ stage later than the period

of neurconal division,ﬂané the cell deficits achieved are therefore
likely to be almost exclusively glial. 1If glial number is s funce
tionally important Srain parametefﬁ this wouid be important and
might account for subsequent speqifim ﬁeficits of myelination;

but if the pericd of ripid bio«syntheﬁic activity concerned with
myelinatioh ig in itself vulnerable, this would open up the further 
possibility that other'non~mitotic processes will be vulnerable

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

sequent establishment of synaptic connections, which are not direct-

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

neuronal processses., may be interfered with as a direct consequence

of interferences with the previcus division of glial cells.

The broad generaslity of the vulrnerable periocd hypﬁthesis hes
been effecfively tested and proved in animalsy and its corralariesf
that a Qulnerébility related to the réte of growth implies a.cam-
paretive‘invulnerability before the bresin growth-spurt, and an in~
vioclate adult brain, have been well demonstfatado Furthermore 1t
can be shown that grouwth fetardaticn in animals does not alter
the timing of thé growth~spart in the braih, but cesuses a reduction
in the extent of the process, which’nevertheless occurs at its pro-
per ordained time. Thus none of the individusl velocily peaks of
wvet weight, DNA or éholestrol éccumulétion are shifted; they aze
reducéd in height, and becazuse no ‘'catch-up' ocecurs on the restora-
tion of ad libitum food, thé effect is o permanent recuction. It

seems- clesr then that the brasin is an organ which hes a once-znd-=for-all
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opportunity to accomplish certsin important processes of develop-
ment. If this~opbortunity is lost ié'oaﬂ never be fully rezovered
(Dobbing, 1970).

Whilst Zamenhof (1968), Winick (1968) end Doébing (1968) have
shown that permmanent .alterations in the number of cells and their
distribution.among brain structures are produced only when the ore
ganism is malnourished during the periocd of rapid grawth of the
ENG, bicchemical and phys;ological abnormalitiés have slso begen:
reported. Enzymatiq‘matgratiOn and development in the brain is’
also affected; Chase ot al.. (1867) have demonstrated defective
enzyme organisatién in the brains ef'malnourished>aqimalsn

In order to avoid confusion in the iﬁterpretation of évidEnce ‘
from different species end to allow speculative extrapelstion to
man, it is important to consider that the critical periods of maxi-
mum orgsn growth occur at different times in different species but
demonstrate an identical nattarn. Thus in pig's bréin; growth and
differentiatian occurs most rapidly in the péridd pricr to birth,
whereas in thevrat the most rapid growth oCEuUTS wﬁen the ahimal is
suckling, Deprivstions that are experienced et the same chronologi-
cal éges and life stages will therefore have different éffects in
different species. Thué'deprivation during early postmnatal life
will have little or no effect on the brasin's size and structure in
an orgahism whose brain gfowth has lsrgely been complgted during
gestation. ‘Cunuepéely intrauterine malnutrition is likely to havé
oniy minor effects in.species in which the most signi?icantAperiod

for brain growth occurs post-nataslly (Dobbing, 1970).
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Attempts have been made in experiments to select an animal
species where the brain grouth characteristics are known, and
nutritimna; deprivation has been imposed st the suppossd vulmere
able time for that spacies. The msjority of experimental work
has atlempted to exploit the post-natal timing of the gro@th~spu;t

5 .
in rats during their suckling period. The most widely used design
retsrds»érowth by increasing the size of thevsuckling litter so

that when weaned; the rots are aboul half normal weight. They are

[N

then given ad Jlibitum food until maturity, and the meture brains
are then exemined and compared with the brains of animels fed well

until weaning in an average size litter, but underncurished later

by restriction of food..

An slternative experimental design involves the underfeeding

of the mother during the pregnancy. Stunted offspring as well as

‘normal control newborns are then cross fostered at birih to well-

fed and.uﬁdernourishsd lactating females, the litter size being

standardised. Thus four groups are achieved. according to whether

the gestational‘periOd or the suckling period or both or neither

was nutritionally restricted. Any of these groups can be weaned
to s festricted or adequate diet, and in this Qay’all combinations
and.permutations of growth restriction cen be imposed in the pre-
growth spurt, the growth spurt; or the ppstagrowth spu;t pericdse.
Numerous experiments based on the above two designs indicate
clearly that deficits in brain‘growth are confined to thﬁse ani-
mals underfed in the suckling peiiéd; Growth retardation confined

to the bodily grouith-spurt which occurs later than that nf the

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

or the brain.
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It hss been recently shown that the timiﬁg of the sauerai
major components of the brain growth-spurt is determined by
chronologicai rether than developmsntal age (Dobbing, 1972).
Vulnerability af>the grow%h programme may thus reside in feilurs.

in growth-retarded animals to accomplish proper growth 2t the fixed

- chronological zge which is their only opportunity.

The effect of nutritional deprivation during gestation have
been demonstrated by Nelson and Evans inm 1953. A significent de-

crease in reproductive psrformance of rats occurred when dietsry

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

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

as severe. In 1964, Venkatachalam and Ramapethan shouwed that a 7%

protein diet during geststion only, resulted in reduced growth and

a 40% post-natal mortality. Taking thg above findings g step fup-
ther, Zemen end Stanbrough {1969) demonstrated that a 6§ protein

diet during gestation resulted in reduced DNA, RINA/OHA and @roiain/ﬁ;m

ratios in 16 and 20 day foetuses, and nswborns. Compared with con-

trols fed a 30%.protgin diet 2 primery reduction im cell number.

in most tissues occurred in the méinourished animals. Sihilar ré~
sults wére'obtained by Zamenhof et al. in 1968. An 8% protein diet
fed from before mating thraugh géstation resulted in reduced DiA
concentration at birth compared with control animals fad a 2?%
protein diet. |

The work of Winick and co-workers (1966, 1967, 1968, l§69) has
demonstrated clearly the effects of nutritional deprivation during

infancy in animals. In gengral 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 ineffeciive in

>
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improving the DHA content. A restricted protein: diet from weaningi
to 42 days of age resulted in reduced wsignht, tntal p:otein5 A
and RNA in all organs except lungs and bréin; where cell size was
smaller but total number of celis was unaffected {(i.=. total DA
was‘not reduced). Refeeding 5? sgch animals allowed the brain and
lungs to regzin normel size, but other organs showed no recovery.
Restficted'digt from 65 Lo B6 deys of sge reducedAtntal protein
énd RNA but had ne effect on DA, indicating that cell size was
affected but that celi‘number remained unchanged. Thesg‘findings
:ieaé to the‘general coﬁclvsicn thet the brain appeered to be ir~
reversibly damaged only by nutritional deprivation nrior to weaning,

The effects of nutritional deprivation af%er weaning was further
inveétigated by Dickerson and Uslmsley (1967)s who confirmed that
rats undernourishcd’from &eaning to 11 weeke of age could be ien
‘habiliated succeséfully in 2 - 8 weeks, and thereaftef showed no

reduction in DNA/protein concentration in the brein, indicating

“normal cell size. Guthrie and Brown {(1968) fouhd that brain

cholestrol levels wefe normal if nutritionally deprived animals

yere rghabiliated immediately’afﬁer weaning,.bdt remaiﬁed irreversibly
depressed if ungernutrition extended to 5 weeks of age. This suggests:
a‘secmnd vulneréble period during myel@naticn after which the bréin
becomes resistant tg diectary deprivation.. Dobbing in 1968 confirmed
that a 45% reduction of body weiéht invméture rats achigved by 1 pitee
posingialskweek starvation diet had no effect on bzaih weight;

These findings suggest %thet the mature brsin, unlike the developing

“brain is indeed 'spared! under severe nutritional deprivation.
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The experiments so far reviewsd have not taken inte account
regional differences im the relstive timing of the growth-spurt.

Although overlap occcurs, it is well recognised that devslopment

of the brain stem is completed relatively early and development

of thg'cerebrum reletively lste with the cefebellum taking an
intermediar§ pﬁsition¢ If it is accepted that ths periods_ofjin~
creased ﬁeuronal h}perplésia,vglial multiﬁlication;‘and myelinae~
tion represent ﬁepiods of increased&susmeptibili£y,‘then timiné

of the nutritional iﬁsult takes on a selective signifibance. The
cerebellum passed through its growth~spurt 2t the same time as

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

faster. Thus the effect of generalised growth restriction is impo=

- sed selectively upon the especilslly fast growing cerebellum. This

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

of infant rats of varying ages to X-radiation,

Regionai brain differences in vulnersbility te malnutrition have
been studied by Culley snd Lineberger (1968), Howard and Granoff
(1968), Cheek et al. (1969), and Chese ot ol. (1969). Restricter

feeding affected most severely the weight and DNA of the cerebellums

when body weight was improved by refeeding from 57% below normal

to 174 below normsl, the cerebrum achieved a weight 7% below nor~

mal, Qhereaé the_cerebellumAremained 22% below narmal‘in méighém
This indicsates that a reduction of’céll size sccurred in the cere-
brum, but;thatAcell number in the cerébellum had been reduced.

Fish and Winick (1969) demonstrated fhat the brain stem wés,little
affected st 6 ~ 21 days, bufltha cerebellum was egain more affected

than the cerebrum and hippocampus in rats reared in large litiers.
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CAltman (1871) suggests the distinction of iLhree critical phases
in the development of the mammelian nervous system after birth.

These three phases ere relsted to the formstion of thrse major

" classes of cells which sriss from three proliferstive sources during

three éuccessiue periods of growth. The three major cell types are
1) macianeurons, 2) microneurons?’and 3) ﬁeurogliae flacrensUTONSs
are longeaxoned narve celis that form the afferent, relay, commissural,
and efferenf élements of the peripheral and central nervous system.
As such they are‘responsibla for conveying sensory messages from

the regeptors to the CNS, for relaying afﬁereﬁt impulses from one
brain region to another, axd for tramsmitting motor commands from the
brain to the effector organs. These macroneurcns form the grosé
circuitery or 'course wiring! of the nervous system. The micro-
neﬁrons are short-axoned interneurons with regional or local input
andAoutput conngctions. It is presumed that their function is prim

marily- modulatory or sssociative in neture, and they represent the’

“ffine wiring ! of loecsl breim regions. The neuroglie are supportive

elements which are responsible for the myelination of axons and for

linking the diffefentiated neurons with the fine capilleries of
the brain. As sucﬁ they are responsible for the sustenance and
Fixation of the develeped brain circuitry. macroneﬁrons, microe-
neurcns and neuroglia tend to differentiate in any brain region
sequentially, and it is possible that’a hierarchic‘inductiVG re-
latiénship Dontrols‘their successive regional differentiation.

For example, the micromeuroﬁs of the ceresbellar cortex migraﬁa

and dif?erentiate‘aftéi the Purkinje cells with which they esta-
blish synapfic contacts, have begun to differentiste. The dif-

ferentiation of neuroglial cells, as judged by myelination of



the cersbellum, is the lazst event in the maturation of this
brain region.

It is of great prectical importence that in altricisl mammels
(e.g. the mouse; rat, cat, or dog) the f3C FONSULANS differentizte
larqely during the periéd of embryonic deuelopment;' the bulk of
the microneurons come into existencevpcst-natally during the sutkl-
ing’pariod; the bulk of the neuroglial cells are formed during the
early post-weaning neriod. Acpsrding;y? nuﬁritional deprivetion
durirmg the suckling periocd could Ee sxpected to infiict less hanm
on ﬁhe glements alréédy formed, viz. the longwaxonedAneurons, buf
would interfere with tﬁe formation of the micronsurons and thus
the 'fine wiring' of the brain. The great reduction prod@ced in

Vthe-cell population of the cerebgllar cortex by eariy malnutrition
in animals supports this view. . Nutritional deprivetion during the
eafly post weaning ceriod would interfere with'the finél stagd of
the maturainn of the brzin such aé myelinztion, by preventing
the formetion of neuréglia.

The  use of chemicel indices for components for bnainﬁstructura
provides a comparatively simple method of asséssment and is now
widely used. Thus total tissuc DNA provides an index of totsl
cell number, and DNA_concentration pér gram of fresh weight is én
index of cellularity. Cholestrol conﬁent represénts myelinations
RNA/DNA ratio and protein/DiR ratiocs sre'uséd as an index of cell
size; Difficﬁltias; home&er, occurvin'thé interpretation of these
indices, and their usé is sometimes of guestionsble velue. Thus
Granoff (1969) indicates thatia deficit in cholestrol per mg. of

tissue might reflgct reduction in either myelin or total cell’



surface ares assoclisted with a selegtive suppressian of certain
qeuronAtypes, and iz not necessarily an‘irreversible inte:farence
with myelin synthesising cells as suggested by Winick (1969).
Similarly miggleswarth {1968) suggests that impairment‘of mveling-

tion may be due to a decrcase in the number of cells svailable and

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

more Dobbing (197G) points out that there are meny aveas in the
brain (including the brain stem) where much of the protein content
is related to the axocns of cells in a completely different region.

Protein/CNA retio is therefore difficult to interprete in a tissue

~where cell processes ars. numerous and where some cells meassure a

metre in length. WNevertheless the use'of fhe various indices has
made experimental in§e$tigations in-animals poésibie and must therg- -
fo;e be appliedvto defin@ng ﬁormal human brain gromth and'fhe in-
vestigation of the effects of nutritionai deprivation on the de-

velopment cof the human CNS. .



CHAPTER 4

HUMAY STUCIES OF BRATHY GROSTH I MUTRITIOMAL




[y
[97]

CHAPTER 4

HUMAN STUDIES OF BRAIN GROWTH IK NUTRITICONAL DEPRIVATION

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

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

degeneration of the brain, and abnormalities of other organs

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

undernutrition have only recently been undertzken, and are still

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

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

Hypotheses considering the possibilities that malnutrition inA

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

and CNS either quantitatively or qualitestively derive from an in-

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

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

during rehabilitation until the child's natural trajectory is
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reached. A pre-puberial growth-spurt nmoy also mccur‘(aarréw
and Pike, 1967; Moodie et al., 1971).

For many yéars tha concept of !sparing! of the brain and
CHS was generally héldi but more recently it hés been suggested
that the brain is not fundamentally different in its growth pat-
tern from other organs; the CNS is not é perfectly insulated sy~
stem which grows well independently of its particular needs for
nutritional support (Birch, lg?o)e

However the bresin is a peculiar organ in that'eventual MEtis
ronal cell number is defined esrly in life. Thus the brain reaéhes
its final cell population number whilst most other tissues, organs
and systems are‘ccntihuimg to engecge in cell replicotion for cone
sidersbly longef periods of time (Bifch, lQ?Q)o A further distinge
tive feature of the brain is its relative functional indispensibility
in comparison with other organs. Whole sections of gasire-intestiinal
traect or léfge prgpoftions of 1iver may be structurally‘damage@ or
surgicaily removed without serious consequences for the funcﬁional
capacity Qf the indiyidual. In confrast, it is virtually impossible
tq interfere significantly with brain structure without producihg
pronounced slterations in the functionsl integrity of the organism
(Coursin, 1967). Studies of human brain growth by Dobbing (1968,
1970, 1872) have demcnstrateq clearly ﬁhe sccourrance of a human
brain‘growth~spurt with assentially the sawe éequentiai chzracteris-
£ics as thosé found in other mammals.

Data (Dobbing, 1970) from the énaly'sié’ of é’DD_normal human
brains have allowed three main conclusions; 1) DNA estimations

I

reveal 2 sepasrate growth-spurt from 15 - 20 weeks of gestation
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which is distinct from the main period of cell division. The
latter extends from about 30 weeks of gastation to at lesast the
end of the first postunatal‘yeaf, and probably uﬁtille months
of age;‘ Théaearly growth period is almost cértaile ﬁwUronal;
the later'gliél. 2) RegionélAdifferénceskin growth rate and
the general sequencé of events in human braiﬁvgromtb are idéntical
mith those in ali.animal species studiéd exaapt'For £he tiﬁing af
events in relaticn to.birthe Tﬁe wide species yariation iq this
has already been noted and must alyays be considered in the in=-
terpretaﬁion of the effects of nubtritional insuit. 3) ‘The majof
growthéspuft period in the humanybrein is pfedominéntly post-natal
and apblies_particularly to the bulk of myelin which has to be laid
doyn before the arfiQal of the glisl cells which make‘it; Thésé
findings indicste that in the human infant néuranal cell number is
most'probgbly fully defined before the end of intras-uterine lifs.
"Thereaftsr cell replication is that of glial cells'through the firsﬁ
9 mpnthé of life, the proceés terminating‘by the eﬁd of the first
YBET, Howevef, myelinaﬁion ééntinues F;r many yezrs thereafter,
as does the proliferation of dendrite branchings and other features
of brain organisation, and adult brain weight in bumans is achieved
during adolescence (Dobbing, 1970§ Winick, 1970).

| Jagkson pointéd out in 1909 thet in atrsphicrinfants the brain
continues to grow, so‘that emaoiéted~imfants'can'haue normalbbrain
weight. Donaldson (1511) formulated the concept of thrain sparing!
on the bssis of evidence which indicatedvthatkbrain weight was'unw
affected inVihe preéance‘ef‘an appreciable reductiﬁn of body;@eight

TA—

achieved by post-natsl nutritionsl deprivation. Supporting svidence
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for the concept of ibrain spsring! was provided by Broun who showed
in 1965 that although the brains of melnourished children at poste

mortem weighed absolutely less than those of the well-nourished

‘children, when the bréin weight : body weight wes calculated the

malnourished group had higher ratios. Alleyhe and co-wyorkers (1965)
reported similsr findings in & post-mortem study of 11 children

who died of severe PCM. The brein cantributed a lsrger percentage

Vto the total body weight in the more severely malnourished children,

and the suthors repeat the suggestion that the brain is relatively
well preserved‘in malnutrition. However, the water content of the
brain was highér than in other tissues, and. the brain 2 body weigﬁt
ratic mey be a reflectiﬁn of over-dydration of the brain, or could
be explsined by relstively grester wastiﬁg of the body; Thompson
(1870) points out that changes in bodykér organ weight may reflect
changes in body water and fat and have nothing tq do with growthy
the above fesults may therefore be misleading.

The most striking evidence agéinst the concept of 'brain sparing?
is provided by Winick and Rossc {1969) who,cémpareﬁ the brains ofv9
children who had died of severe malnutrition before the age of 12
honths with the Ersins of 10 well-nourished children who had died
acutely of sccidents or poisoning, and bfains of two fmetuées,ob—
tained from theraﬁeutic abortions. The children Qho had died from
Seuere malhdtrition werevallvbelow the 3rd percéntile for both
height anvaeight and showed alinidal gvidence of severe nutritional
marasmus. The brains of the 9 severely marasmic children 211 hed
reduced weights and reduced quantities of ONA, RNA and protein.

In three ceses the DNA content wes only 40% of thst expected,
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but‘thesé three had wsighed less than 2 kilogrems et bixth. In

all cases the DNA/RNA énd DNA/protein ratios were normel, suggwst«.
ihg a reduction in the numbef of bLrazin cells in the malnourished
children. It zppezred that the younger the child whsﬂ he developed
malnutrition; the more marked the effect on the brein. The data
indicate ﬁhat VETY iittle cell division took place from the timé
these children were exposed tﬁ severe malinutritione.

A sfudy<of the brains of four malnourished infants aged 2 ~ 22
months is reported by Fishman et al. (1869). 1In three of the in-
fants birhﬁ weights renged from 2.5 to 2.8 kilograms ang the effect
of intra-uterine melhuﬁritiOn can thersfore not be éepafated'from
malnutrition duging infaency. Estimations of-cerebralAlipids close-
1y linkéd‘to myelinAmembrane vere CQﬁSiStéﬁtlyvredUCdeiﬂ the white
matﬁer of malnourished brains when compsred with’controla.

Sﬁudies ofkbrain growth and prematurity prbVide further relew
vant inforﬁation reviewed by Birch (1972), Thomson (1872), snd
wiﬁiok (1273). 1In populetions df undérﬂourished wonmen placentas
are smaller and contéin fewer cells, and some of the tissue changes
associated with undernutrition in animals have been found to occur
in the placentas of underndurished women. Data concerning ths ef-
fect on the foetusAare meagfe énd indireét, but shaw:that in

small-for-dates infants from undernourished populations who died

shortly after birth the cell number was reduced in 8ll organs in-

cluding the brain. In infants who died‘during the first year of

life of severe undernutritiaon, by far the gresiest deficit in brain

cell number was present in the group welghing less than 2 kilograms

at birth. When placentas fram infants with intra-uterine growth
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failure from well-nourished populations are studied, they can

be divided into two groupss in one the plscentas are normal

- in size and contain 8 normal number of cells even though the

ihfant is small; &1l of these infants hed a major congenital
maiformationo In the seé&nd group the plécentas were  small
and had a reduced nusmber of cells; all thése infants mére
physically’normélkexceét for their small size«

‘The first situation is caused by intrinsic abncrmalifies'
whicﬁ manifest in both growth failure and congenital defects
of structure and form; the placenta is not affected. The

second was caused by extrinsic factors (other than melnutrition),

possibly by‘placental vascular inSuf?iciencya The cellular de~

fects in these infants having small placentas were similar to those
produced in rats by ligation of a branch of the uteriné artery with
consequent reduction of blﬁod supply to sémé of the foetuses.

A 20%‘red¥ction in body weight at £erm was accompaniad with a 50%
reduétion of liqer weight whereas brain weight was not reduced at

all. The brainm contasined its full complement of cells whereas

. liver cell content was reduced to 50% of expectation. Only mild
-transient changes in tissue enzyme sctivity cccurred in the brain

in contrast to merked lasting changes in placenta and foetszl liver.

Similaf effeﬁts have been demonstrated in monkeys when placental
yascular insufficiency was adhieve& by partiél placental ablation
(Winick, 1973).

’A study by Davies and aa\}is A(lQ?l)v divided 120 inf“ar%ts with
birih weights below 1.5 kilbgrams inte two groups, viz. those who

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



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

was capable of 'catch-up!, while the retsrdation (produced iﬁ utero)
of the SFD group was not reversible; This cleasrly focuees sttant-
ion on the foetal environment during the second and thifd trimesteré
of pregneancy. In this study the indices of grouth mere height,
weight and headlcircumference, but no psycholegical test evidence

was provided for the assertion that “reversibility of retsrded brain
growth in infants of low birth weight depends on gestational age at
the time of birth and the vigour‘of post-natal care." Another'study
by Naeye and co-workers (1971) of oréan and cellular growﬁh in dif=
'ferent groups of infants born in New York City showed that the growth
of the foetus of thg poor mother had been impaired. A rscial classi-
fication did not account for the differences in organ sizes between
3poor and hbn—poor gfoups, except that the mean brain weight of in-
fants born to poor Black mothers was significantly less thaﬁ that

of the infants of thé Puerto Ricen or wﬁito mothers. The cellular
-abnormalities observed were similar to those reported as resulting
from placentsal insufficiency, énd msternsl undernutrition was iden-
tified as the importent probable factor in the insult to.the fostus.
This may be reloted to reduction of pituitary growth hormone

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

to pre-warclevels with post-war economic improvement (Altman, 1971).



This evidence indicates ﬁha‘t the foetus is not a ‘oerfect o
parééite‘; foetal growth as indicated by birth weight is im=-
paired by maternsl nutritional deprivztion, and the foetus is not
_emtirely spéred {Thomson, 1970). Nor can it be stated with confid~
ence that the brain is fully spared over and above other organs
and systems when the orgsnism is exposed to nutritional deprivation
during pre-natal or esrly post-natal growth.
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CHAPTER 5

ANIMAL EXPERIMENTS IN THE STUDY GF BRAIN FUNCTION IN
NUTRITIONAL DEBRIVATION

Whilst the evidence of biochemical and structuralAalternau
tions in the brains of experimental énimals'that have been mal~
nourished during critical developmental) periocds is clesr-cut,
the importance of these changes in terms of CNS function and’
the behavicur of the anihal lhes not been cléarly established.
In human studies very little data are available concerning the
effects of malnutrition on phyaico~chemicai structure; bﬁtvtﬁere
is bonsiderable evidence whiéh suggests that brain function, in
terms of perforhance on conventionzl tests of intellectual function-
ing and spscific tests of perceptuzal motor fuhciioning, is interfered
with in children who experienced melnutrition during early infancy.

Some of the evidence so Far'suggests that there is a relationship

 between the age at which the nutritionsl insult occurred and the

deéree of functionsl deficit, but a definite causal relationship
between the malnutrition and the subsequent functionsl hendicap has
been difficult to estsblish. 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 occurrance 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 functione

. ing or by psychologists with a biss towards behaviourism. Both

favour a mechanistic viewpoint. This explains the attempts of
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- mest workers to Tind & dirent couse-sffect relabtionship in

mechanistic terms between deficient nub ritioﬂ and structural
deficit on the éne nand, and between. structural deficit and
functional deficit on the othzr. If we accept Birch's (1964)
definition of ‘hrain camage! as referred to "a behéviour S Y e
drome and not to the fact of 'brain damage' as such", then we

can hypothesisé that thevfunctianal RXPTEessions of'this tyﬁe

of brain dazmsge ars deficits in behaviour, motivation, 1earﬁihg
ablllty, and intelligence, 7f3HJL°d not only by the crganlc,
biochemical or sematic aspscts of malnutrition. (MOnbugu, 1971)
The parameters‘of this type of 'broin damage‘ are difficult to
delineate in humans; behavioural expression of cortical and even
sub-cortical functions in men is both gualitstively and quantita-
tively far removed from some of the animal species studied indica-
ting a need for tﬂe utmost caution in interpreteticn and extrapau.
lation. Clarke (1968) states: "It is possible that, with repid

maturation in & hostile natural world, early lzarning may have a

Added to this is the difficulty introduced by the well recognised
. * N : .
fact thst severs growth retardation together with the syndrsmé of
behavioural, intellectusl, and. cognitive retardaticn which closaly
mimics the syndrome frecuently associsted with_malqutrition, can
result from socisl ;nd gmotional deprivation in ths presanea}of an
adequate diet (Bakmié,vlgéggvpowell et al., 1967). Interpretation

of the animsl sxperimental work is further confounded by the we ell

known work of Rosenzweiq, Krech, Bennett and Diamond (1568)

s

‘Levine (1568) demonstrating the effects of early stimulaticn on

CHS development.

very different function in animal as opposed to humen development.t
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‘Experiments aimed at sxaminingvﬁhe influeﬁceJof early drive

deprivations upon later behaviour have been conducted by pbychologists
using several animal species over a long period of time. Investiga-
tions of this type reviewed by Bronfenbrénner in 1966 have shown in
general that fhe deprived animalsvhave an inﬁreasedAdriue for food
or weter, which is particularly noticeable if the animals wmre not
satiated at the tiﬁe of testing (Barhes; 1867). Thevtendency to-
wards an'increésed‘drive for food or weter lessénea or even dis~
éppeared completely on resumptiun af an gg‘libitum diet if the food
deprivation had been initiated twelve days or more after weaning.
Sguerél investigations led to the concldsion thet the drive debrim
vation, rather than altered leaining bapacity, enhanced the énimals
general activity level and its abilify to solve driveérelevant prO=
blems. Another type of drive deprivetion involves an increase in
the size of litters being nursed by a lactating female ret so that

the suckling pups are relaﬁiuely deprived of milk. Adult animals

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

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

4, 8, and 16 per nursing female and using rewards of drinking water

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

discrimination or,discriminaticn»réuersal learning when testsd

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

Attention was given to the specific nutriticnal effects of
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garly food deprivation in 13826 by Anrderson and Smi

[x¥)

1, wio Ted :

lysine deficient diet to a group of rs from 45 days of age, and
artificiaily undcrféd ahoth;r group with e diet adeguate in pro-
tein; Both thé p;otein restricted and the undeffed rats made'mare
errors in a maze than the controls. After refeeding with & good
diet, the differences in maze performance disappezred. Bevsn and
Freeman (1952) fed a diet low in lysine from 30 daye of age and found
no difference in maze'performance with & group of rezts whose food

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

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

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

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

employed a food reinforcement. No significant difference in the

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

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

A further approabh to the investigation of the effect of early

malnutfition on later behayicur has been the attempts to stimulate
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human phenylketonuria by feeding excessive phenylalanihe to young
animals. .A review by Karrer and Cahilly in 1965 indicates that
gttémpts to develop a permanent behavioural abnofmality By feeding

phenylalanine to rats for short pericds of time afiter wesning have

been unsuccessfuly the results have been variable when the phenyia—

lanine was fed du;ing.early nost-natal life; but a positive vwesult

was obtained when excessive phsnylalanine was fed to female réts

both béfcre and after parturition. This result was in agreemeht

with the hypothéses of’ incrgased'uulnerability during critical

periods of development reviewed in Chapter 3. However; the behaviour-
al changes resulting from a dietsry excess of phenylalanine in rats
could be attributec tdvspecific toxic effects of phsnylalanine
metabolites rather than refiecting an influence of PCH.

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

content in liver to 9% of normal values, while the level in brain
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persists ot ?6%. In spite of this svidence of ‘hrain

is important to note that the control ond low~protein di
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by Cowley and Griesel (1959) differed slsc in ccncent;gtions

of vitamins end minefals, type end amounts of fat, carbohyqdrate, and
bulk, and differed in prataih quality. Specific smino-zcid defi-
ciencies can cause structural and functionsl lesions of the CNS
Scott in 1964 reported that é synthetic veline-deficient diet fed to
young male rats'fqr,22 days, and fo older male rats for 70 days
producoﬁ inco-ordination and circling behaviiour aé functional
manifestations of CHS alteratians'¢em0mstrated histologica;ly as
myelin degeneration, ;ad neguronal deteriorat;cn of tha‘deeanuclei. -

Functionel signs of ;NS damage which was yerified by histology

have been observed by Platt, Stewart, end co-workers in rais; pigs
and dogs, wesned fron mellfnaurished mathers and then allouwed

ad libitum feeding of iownprotein dicts (stewart, Plott, 1968).

In pigs, this regime retsrded phyéical development and progressive-
1y reduced tﬁe appetite until a merasmic condition developed.. This
could then be converted by assiduoué feeding of‘csrbohyﬁrate or

fat to one resembling kwashiorkor with oédema. Afierwonly four

days of restricted diet, the rats developed épasmodic trembling of
head snd fore-paws. The pigs began to walk on tip-toe with a
'hobble-skirt! gait with evidence of inco-ordination of .the hind
legs. The dogs becéme hyper-irritable; . EEC changes were demon=
strated, ang periods of loss of consciousness aﬁd convulsive seizures
were reported. The clinicel condition of these animsls improved

‘after a short period of rehabilitation.
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Similar observations cre reported by Barnes (1967). Cis
function was evsluated using classical Paviovian conditiocned-
response develcpment Fo}lawgd bvaxtinctian of the response in
pigs. No dif?erence in the speed of ﬁa\elopmen* of the conditisned
response in malnourishad and control pigs wes noted, but whon at-
tempts were‘made to extinguish a ‘well esteblished conditioned-response,
it wos found thet thé control animals extinguished quite rapicly,
whereas the~preuiously malnaurished animels had & gregtly prolonged
pgriod of trials béfore the conditioned-response disappearéd, and
some animals did not distinguish at all., (The conclt;nnru—s timulus
was 3 6hange of light intensity and en electric shock provided the
uncond t‘ oned stimulus). In drder to refine the test procedure and
obtain a more quantitetive estimete of canditioning‘anﬁ extinction,
‘a modified Skinnar box was used to estsbklish a.deg;ee of condition=
ing quantlt tlvely. The results clesrly confirmed the earlier
investigetiony the eorly—re stricted and control pigs deueioﬁed'the
conditipned rasponse;at the Same':ate, but the contrcl pigs extin-
guishea fhe conditionad response much more fapidly than the expéri~‘a
mental animals, Interpretation of this behavioural change is not
clear, but the author notes a more pronounced subjectivé résppnse to
the shackvin thabexperimental ahimals which could not be accounted
for by differences in pain thrashold, ﬁltoouoh difference in elecw-
friéal resistance of the Soﬁy to the imposed voltege did occur

between the ex n@r1nental snd the contizl animals. The slevat

emotionality of these animols could be expected to hsve hzd an
effect on the guantitative aspects of the conditioning; it is

 tempting to suggest that the resistence to extinction in these
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animals is akin to the 'eXperimenhal neureoses! produces in animals
by Massermen and others iﬁ the 1940%'s. Reference tc Dobbing's
(1872) ﬁemonstratidnAthat thé timing of the pig brain growth-spurt
paralleléd that in humans more closely than any other animal species
highlights the significance of this work.

Barnes and Frénkova (1967) have reportsd on an investigation
using rats that has provided evidence that nutritional deprivation
in early life may resuit iﬁ long lésting and possible perﬁanent.
learning=~behaviour asbrnormslities. An experimentel design for the
productioh of nutritional growth retardstion which provided four
expeximenﬁal groups was‘warfied out as follows: littep size was
adjusted tQ 8 and lG neonates per léctating female reépectiuely.
Immediataly following weaning_both groups wefa'split and given
diets containing 3.5% and 22% Qasien r@speétively for & periocd of
8 weeké, after mhich‘the nutfitionally deprived groupé ware rehabi-
litated co&pletely. Control grdups were suckled normally and fed
a normal diet after weaning. Males and femeles were sﬁudied sepa-
fately but exposed. to identical treatment. Growth curves of the
rats showed that some permanent retardstion resulted from the early
nutritional deprivetion. Visual discriminative learning—behavipur
was assessed using a Y-shaped water maze. A significant difference
in error scores was found in the mele rzis representing the two ex-
tremes of treatment, i.e. controls Qersus fhose deprived both pre-
and postumeaning; the preuweahing restricted rats also made more |
errors than the controlé; No significant difference was found
between the groups in female snimals 3uppcrting the Findiﬁgs of

Cowley snd Griesel. Increased expression of emotionslity was
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observed in the rats nutritionzlly deprived pridi to weaning onlys
the two groups that had been fed the protein-deficit diet post-
meaning were, in contrast,. calm'wﬁen exposed to nem test procedures.
The same patﬁerh of emotionality was observéd»in male'anﬁ female
anima}ss slthough the femsles appeared to be less affected. Since

there was a motivetional difference betwesn the two groups, the

authors conclude that early nutritional deprivetions in thess

animals have resulted in a decreased learning cepacity . as well as
changes in other behavioural characteristics. The clear~cut sex

differentiation in effect is interesting and awsits interpretation.

flore recently these authors have extended their investigations

‘using a similar design combining and separating the varisbles of

pre~natal,and post-natal nutritionei depfivation, folloqed by com-
plete réhabiiitatioﬁ (Barnes and Ffankova, 1969). .Evidence of ex-
aggerated anxigty on the basis of drive dehrivaticn was again fBQnd
to occur to a sign;Ficantly greater degree in male rats that were
ﬁutritionally depri&ea both pre-~ and éost-meaning compared with
females subjected to the same dietaty ragime.>jﬂll rats suckled by
protgin deficient mothers shéwed increased exploratory behaviour;
after weaning the explorastory activity in the geprived males wés
intensifiéd over that of the controls while‘ﬁrotein or calorie

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

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

the first five post-natal uweeks of her life, influehced the rate
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of early physical develepment of her offspring.  The study demon-
strated that correction of growth retardatien proved an unrelisble

indicator of behavicural rehasbilitation.

‘Az in the human studies investigating the relationship between

functicnal deficit and previous nutritional deprivation, so @lso

in snimal studies does the deprivation cof food produce behavioural

alterations which are not related to the nutritional deficiency per

‘se. Thus alterations in drive end motivetionsl factors compliczte

the interpretation of the functional differences betueen well

nourished end previously malnourished 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 specific elements in the diet. Protein appears

to be significant, and the evidence of 'coarse! CNS dysfundtion

.

in the form of seizures and loss of consciousness is striking in
spite of the dif%iculties in the demonstration and eveluation of
impairment of higher CiS function. tomplementafy evidence is proQ
yided by Flewner‘eﬁ al. (1952) who demcnstrated:inhibition of
lgafning,klcss of memcry, and diéorientation‘ih mice when protein
synthesis iﬁ the brain wes inhibited 5y purcemycine.

VIn discussing the diéaépqintingvrésults achieved by experiagni-

al animal studies investigating the effects of nutritiormal deprivation

E]



in eariy life upon adult ;egrﬁing behaviour Barnés (1867) comments»
thats hIt wotld appest fhat a méjor difficulty has been a lack of
nutritiénal knowledge on the paft of the‘éxperimental psychologists

" -yho have cdnductad mést of'thaAstudies in this area and a lack of
knowledge of experimental psychdiogy on the part of the‘nutritionists‘
who have beén responsible fqr some of these studies. This is certain-
ly one area of reseafch in which we need inter- isciplinary tesm work,
and hopefully ih tHe future theré»millvbé MOTE contpibutions reflect-
ing. the joint effort of both psychologist end nutritionist.“

Two main guaestions ériéing OQt of these studies require clarifi-
catién: What is the significance, in terms pf function,; of the
structﬁral CNS deficits demonstrated in animals; ‘what méaning does
the dgcreasedﬁexplofetofy behavicur, reduced maze learning ability,
and defective egt?nction of canditioned respcnsés have in terms of
the oﬁerail learning'capabiiitiés of the animal involved and what
‘relevance do these have‘forhuman intellectual functioning? HNo one
can afford to ignore the important quy ofyeuidenée emanating from
snimal experiments with tﬁeir[superior technigues of control, and
the possibilitieé thaﬁ they offer for the isolation of single
variables (Dobbing, 19?28). However, interpretastion must‘considef
the fact thét many experiﬁents,impoSQ a severity ofiinsult which
would hardly allow surviyai if anologously aﬁplied to humén in~

 fants (Clarke, 1968).
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CHAPTER 6

THE EFFECTS OF FEEDING, REFEEDING, ANG OVER-WUTRITION

The direct causes of irreversible growth'retardation due to
malnutrition are not clesr. The pfesence of regula%ory systems
which are involvéd in controliing the rate of éell division and
growth in various tissues make thé simple explénation of inade-
quate supply of structural meterials seem unlikely. For examplé,
in contrast to eerlier theories that protein synthesis cannot take
place at the synapse, Gordon and Deanin (1968) have showﬁ that,
in vitro at leaét, this is passibie. All the réquirementskfor the
cperation of a transport:mechanism for prafein destinéd to be the
source of amino-acids for new protein at the synaptic endings are
prgsen?. Potentislly a mechanism is provided-whergby neﬂronal
struceres'are protected against atvleast short term wvariation in
- the supply of essential smino-acids to the whole crganism.

inick and Noblé {1966) found thst raising rats ;n large litters
from birth to weaning resulted in a proportional decresse in the
weight? protein, RNA and DNA content of all crgans, including the
brain, indicating a reduced cell number without alteration in Qell
size. These animals failed to rgcover'ncrmai growth when re;fed

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

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

two organé, the protein snd DNA ratios were reduced but not total
DNA, indicating that the cells were smeller in size but theipr total
number was unaffected. Renfe@d;ng feiled to restore the number of
cell? ;n.those,ofgans in which cell number was reddced,'whereas
the lungs and brazin regained normal size. Dietary fe#ﬁsictions
from 65 - 86 da?svof aée led to a reauction in proteih~ahd RNA
concentration withput affecting DNE.in all'srgans. These studies
ihdiéate that nutritionai deprivation differentislly affects cell
size and cell numﬁer depending cn’the developmentsl phase 6? the
orgen at the time of the insulth>Thé brain sppeared iireversibly
damagedAanly by nutrii#onél deprivéticn prior to weaning-in rats;
when cell sizé bnly was'affected,vreccvary took place oﬁ re«feeding,
whereas akreduction ﬁf éell number wéé not_iﬁpfoved during rehabili-
tation.

“Evidence for fhe gffects of re-feeding on functionsl changes

in enimals following nutritional deprivation are complimentary.

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

weaning dietary restriction by Stewsrt and Platt (1968) were ré~

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

learning behaviour using food reinforcement are difficult to



interpret beceause long—ﬁerm effacﬁs of garly nutritionai
deprivation on feading behaviour ond food mativafiah haﬁé been
demonstrated to persist beyonavréhabilitatiOH. The use of learn-
ing situations based on aversive reinfofcement which db not in=-
Qolue foqd, dﬁ nét remove the difficultics in interpretation
since early malnutrition modifies sensitivity to guch negetive
stimuli. (Levitsky snd Bsarnes, 1970};

Guthrie and 3rown (1968) showed thst depfessed cholestrol
}evels in mainoﬁrisheﬁ rats Qere irreve&sible‘if underthriticn
was eztended until 5 weeks of age, but were restorcd to Hormal
if rehabilitétién obcurreﬁ immedistely afﬁer wéaning. This
suggests ancther vulneérable pafisd oceurring after weaning at
about 3 ueeks of sge that rélates ts m%@lina:ion 5f the braingb
after which the brain baaqmas resistanf to deprivation.
’Dickepson and‘walmsley (1967) reported that rats undernourished
from weaning until ll‘wseks of age could be rhhabilitsted totelly
if re-fed for 2 - 8 weeks, after which no reduction in DNA-P
concentration of the brsin wes found. Evidence of compensatory
'mechanisms was provided by Debbing and middawson in 1965
.(quoted by Altman) who deménstrated thet underncurighed 11
week old rats acquired three times the amount of cholestrol
found in well-nourished controi animals over an B week rehabili-

.

tation period.
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Studies Ey Chow and Lee (1372) help in>explaining Lhe compiex
systems cantrolling the gafe of cell division. These workers ob-
served that the 'permanent' growth fetardatien in the offspring
of rats subjected to dietary‘rastriction.during gestaticn and lac-
tation could not be corrected by subsequent refeeding, but wés Ten.
stored to normal if the animais were given ;njections of pituifary
éxtract or growth hormones. Emell pituitary glands with a.lsw
concentretion of growth hormeopne were reporﬁed in the malnourished
animals. The hypothesis that pre-natal malnutrition coﬁld cause

irreversible undersecretion of growth hormone end thereby growth

failure of offspring has been further tested using radioimnunoassay

and bioaessy teghnigues . The weight of the pituitsry in mal-

‘nourished rats was 60% of the controls and the growth hormone con-

tent per pituita?y was.about one third that of'the control groups
plasmé‘growth hormone 4evels were éléolfouhd to be lower in the
unaerfed group. The authors suggest thét a deficit of cellulsr
growth maylbe a pgimary ef?ect of undernutrition of the adreno-
hypophysis, or thatypituitary growth hormene‘coﬁtentimay.be TEm-
duced due to abnormsl development of theyhypcthalamus andvunder~

secretion of growth hormone rsleasing factor. By means of similer

mechanisms malnutrition may serve to alter the production and sSe-

eretion of other hormones, and since relationships betweern hormone



80
secretions and asbnormsl beheviour are well estaslish@d, these
studies may conﬁpibute to an understanding of the functional and
behauioural abnormalities‘following malnutrition in animals.

Consideration of the role of growth hormone and the effects

" of depressed secretion on growth and development msy a lgo provide

a link between, and elubidate the simil;rity<between the $yndfome

of tetardation relsted to mélnutritibn and the almost idehticei
syndrome associéted with emotional depri?ation and envirohméntal
unﬁer—stimu;ation. Rosenzweig st al. (1568) aﬁd Bennet et al.
(1969) have shown that rats exposed to different environments sﬁow.
characteristic changes in brain weight, enzymatic activity and depth
of cerebral cortex. Impoverished animeals meré'caged singly} colony
animals were housedv2 or 3 per cage, and enriched animals 10 or'12
per large cégé‘with toys. ‘Dry weight, dapfh of cerebrzl cortex,
enzymafip activity, and probiem'solving behaviour were increased.by'
exposure to the enriched environment as compared with standard colony
and impoverished conditions.(Henderson (1970) found that an enriched
environmenﬁ resulted in incresased brain weight in mice. Thémpson

and Heron in 1854 showed that ?etmreared dogs behaved more ihﬁalligent-

ly in a variety of situstions than their litter mates who had been

caged for the first 8 months of life. Cooper and Zubek (1368) have

shown using rsts that different environments in different genstic



lines may serve to either develop or depress prsblem solving
papacities. Twe lings of animzls whoss maze solving ebility had

been developed progressivaly'by seleoctive breeding were studied.

t

lUhen rats from the "bright! and 'dull' lines were raised for @

whole generation in a restricted environment whiph differed from
the normel laboratory environment, no diffecrences between the
genetic strains coulﬁ be detected, and bothkperformed aimost
equally well when both wers raised in the same stimulating
environment. When bcth’groups were raised in a nérmai envirpﬁment
the difference in error score was significant.

The work of Spitz, Goldfarb, Bowlby and Dennis céncerningA
the long term effects of early deérivatiqn on cognitive develop~
ment has been exémined‘critically by élarke (1968) who stresses
the resi}ience of cﬁildren moved from an impougrished into an
enriched environment;, In 1967 Powell, Brasel and Blizzard des-
cribed the syndrome of pseudouhypqpituitarism occurring in child-
ren from an emotianally gisturbed background in the ﬁresence of
an adequate diet conFirmed\by normal serum pfoteinsq Gromth and
intellectual funct@ons improved during rehabilitation in hoépital,
but lapsed on retu;ﬁ to the home environment. Engel et al. {1956)
described growth failurs in hdspital in infants'fed by gastrostomy,

contrasted by significant weight gain in an adequate home environment.
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An important ongoing study on the effects of stimulstion during

rehabilitetion of mslnourished children (Yaktin et al., 1970,

1971) shows that the benefits of increased stimulastion fadg
after return to the home environment (see chapter‘Q). It seems

clear from thesé studies that the effects of adverse early exXm

perience are reversed at least in psrt by imgrovement in environ-

mental conditions but lasting gain is dependent on subsequent

reinfo:cement.

Whilst theré haé'baen a preoccupation,wiﬁh the effects of
reduced nutrition, somé studies of the effects of egrly OVE T~
nutrition have been carried out. 'Extensive studies 5y Widdowson
and ficCance, .and Dobbing have demonstrated that increased con~
sumption of maternal milk‘during the first days of life would

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

. 1971). Arimals raised in small litters weighed twice to three‘tihes

normal at weaniﬁg and maintained their superiority thragghout life.
Winick and Noble described in 1966 an incresced number of brain‘
cellé }n rats reared in small litters coﬁparea with those reared
in normal sized litters. Lat, Widdowséﬁ and IficCance (1961) ?ound
an increased level of exploratory activity in new environment in
fast gro@ing raté compared with slow growing rats betweén the 21st
and 4%th day‘o% age.‘ |

fore recently in 1870 Frahkgva investigated the béhauioural
activities of rats derived from litte:é ofva, 8, and 17 animals.
Animéls frqm litters of B were régsrded as-eontrols for those from
amall litters (over—neuriéhed)'amd'those from large (under-nourished).

One-half of the animals from each group were féd & louw proteih;



high fat diet from Qeaning to 56 days of age,‘théreby imposing a
pericd of protein';estriction. These animals were then fed the same
basal diet as the rest¢:,Spontanéaus exploratory ectivity, habituse
tion.ofrﬁhe exploratory activity, and ability to develap conﬁitioned
responses were examined et v;ricus times over & period of ong year;
No permanent behaviéural superiority was demonstrsted in over-
nourishzd rats. Increased exploratary activity in ihe,overwfed
animals waAs recorded dgring the early phases of growtﬁ cpinciding
with development of CHS aﬁd motor steuctures, but this was reduced
after the 19th day of life. The adult behaviour of the overunourishéd
animals was in many respebts similar to thet 6? the undernourished
animals and uéually inferior to the controls. In another paper
ErankéVa‘(quoted by minick,>19?8) reﬁorted that rats super-nourished
for the firétV2l days of‘life'showed subseqguent lesoning deficifss
Thué both underﬁutrition end ouernnutrifion in pre-peasning rats will
result in bersistent functional alteratiéns of the brain, anﬁ VgL~
nutrition prior to weasning did not protect against the consequence
of protein deprivation after weaning.. The response to certain
ﬁharmacologibal‘ané psycholegical stresses was similar in fhe over~
nourished and undar~noﬁrished énimals.

The results of these studies raise important questions. The
structural.and biochemicel chahges in the brain following neo-natal
nutritional deprivation are quite different from those following
ouer-?eeding.A In terms of cell number, they»are opposite. In
contrast, the behavioural chenges are quiﬁe,similer. It may then

be possible thet the biochemical changes in the brain that hsve

been repdrtéd to follow on malnutrition imposéd in pre-natsl and



early postenatzl life have little functional significance

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

is being reflected in these investigations.
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CHAPTER 7
QVERVIEW

An attempt to gain perspective in the study of melnutrition

and intellectual development must focus attention on two inter-

related but distinctive aspects of the probleh:

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

- they place on the reliability and validity on recent research

findings; houw can the difficulties be expected to effect results

.of future studies and how can thase difficulties be overcoms?

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?

RETHODOLOGICAL PROBLEDS

Studies attempting to relate malnutrition during early life to ./

later intellectuel development have been both retrcspéctive and pro-

‘spective in design (Nutr. Rev., 1870). "Retrospective studies define

children whe have been malnourished at an esrlier age, and compare

them with children who were not malnourished. Such studies have

- the:advantage of being able to collect relatively large numbzrs of

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

- of poor definition of the nutritional state during the critical

K

‘ period being examined. Frequently the nutritionsl status data

are only availeble from historicel information on hospital charts
and will very in reliability. Control populstions must also be

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

such studies it is probable that the control siblingsvsuffer from

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

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

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

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

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

In contrast to retrospective‘studies, prospective studies usually

haVe fewer children available for study, but the nutritionél status

is evaluated by the investigator himself in both the melnourished and

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

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

groubs can then be followed coﬁcomitantly. The probleﬁ mifﬁ this

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

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

studies of intellectusl and motor development in children trested

for malnutrition have been referred te in Chapter 2. The many

variables thet hove to be considered and, if possible controlled,

include:

1.

2,

The conditions and cduration and hospitalisation to which the v~

child was exbosea. Geber and Deen (Courrier, 1956) stressed

the importasnce of the mother/child interaction during hospital-

isation as a crucial factor in the rate and degree of physical

87

and mental recovery shown by children suffering from kwashiorkar.

whilst this problem sppligs more épecifically to those studies
conducted during the immediate recovery period;vpossible long=-
term effects of hospitalisation may prouidé variables in long—-
tefm follow-up studies whichvsre difficult to contra;.

The ége of fhe child ét onset of malnutrition has vsried con-
éidefabiy in- the popdlétions étudied, and in terms of hypo-
theses of criticsl periods of vulnersbility in brain'and b
havioural daveiogment may represent é crucial’condition of tﬁe
effect QF thé independenf variéble. In retrospective studies
it is sometimes imﬁossible to sstablish the exact age of on-

set. Whilst age on admission to hospital is used to indicate

the age of cnset of an acute episode of PCH, it provides actualiy<

an approximation of the durstion of chronic untrested melnutri-

tion. Cravioto and Robles (1965) found that there was a grester

persistence of low peorformance scores on adaptive behaviour on
Gesell Scslgs in those infants who were under 6 months of age

at the time of trestment compared with those who were over



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

hospital with severe undernutriticon after the age of 4 months

were more severely impaired than those admitted within the first

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

controls. Similarly Evans (1369) found a significantly lower

mean intelligence score in both_ex—kwashiorkof subjects and the

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

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

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

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

nutrition are significant independent factors.

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

i comes are perhaps the most difficultrféctoré to control, end

their effects on the develonment of intellectusl functions,

cognifive and motor skills have been abundantly demonstrated

in psychological, socio-demographic and anthropologiéal studies

M8nckeberg's (1972) study illustrates this difficultys even

children with acceptable nutritive conditions (as evidenced

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

lower 1IQ Vélues than preschéol children.belonging to groups

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

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

be introduced by geographic mobility.

88
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The intellectucl end ecducational level of the parents is v
supposedly controlled by sslection of comparsble groups in
some studies. At best this ﬁethod cannot hope for more then
minimal control, end intra-familial control provides the énly
answer to this difficulty with a knoﬁn expectation for betyeen-
sibling IQ correlations.
The type of malnutrition present in the subjects studied has v

e,

varied across the entire range of the FCH spectrum.‘ Different

]

effects mey result from s diet deficient mainly in protein a
gppoced to one deficient mainly in calaries. Vsriations in

other specific mineral and vitamin dietary elements are also

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

inﬁectionvcerther supervening‘factors iﬁ‘precipitating the
acute episode of malhutrition may alsc be relevant but uncon-
trolled. Liang's t1967) study is the bnly ene which singléd\
out a specific vitamin deficiency in addition to PCHM. The
type of malhutrition prevalent is likely to be relsted to
availability of uarious-fgod types and will therefore vafy from:
one geographicsl region to'the next. FQrthermore the degrse Vv
of urbanisation and industrialisstion will‘also influence atti-
tudes to breast feeding and the degrse of change in tfaditional
child feeding and rearing practices. Thus in less developed ./
areas where brosst feédihg remains relatively prolonged the on-
set of malnutrition is likely to be relatively late and ﬁhe type
more typical of kwsshiorkor, uhereas ths vrban slumvis likely to
impose weaning and poor ngtrition from an earlier age resulting

in an eerlier and more marasmic type of illness. Severity of
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illness has not been controlled, and‘in some histological stgﬁieé
the children had died of malnutrition (winiqﬁ and Rosso, 1969).
A further uncontrolled varisble is the degree of matsrnal malﬁutrition,b/
Few studies have taken birth weight into account, but the significance
of maﬁernal malnutrition has been suggested by mitkop (1967}, Birch

(1972) and Winick (1973). o - (y as

STATUS OF CURRENT KNOUWLEDGE -

‘An evaluation of the current knowledge in the field of malnutri-

tion and intellectual development can be addressed to two main

‘questions, viz. 1) what conseguences does protein-calorie malnutri-

tion in early infancy have for subsequent intellectual functioning
of the individual and 2) can the mechanisms or processes be idene
tified whareby the effects of sarly protein~palorié‘malnutritionvand
later intellectual functicnal deficit are hediatéd;

The studies reviewed in Chaptér 2 ieave‘little doubt of &
falaiionship between PCH in infancyvand later déficit in performance
on tests of psycho-motor and inteliectual functions. fhe ééusal
relationship betuween the antecedeht'malgutrition ner sg and the
fuﬁctional deficit has been inferred but never Conclusiveiy demonstra=

ted in human studies because of the difficulty in isolating malnu~

trition as an independent varizble. The extent to which malnutrition

on its own is an éffgctiue factor in inferfering with thefdéyelopmené
of intellectual functions remains an open‘qgestion. Rttémﬁts to re-
sdue'this guestion Qsing animal studies have.achieved more success

in isqlating malnutrition as‘an independent variable butido not

offer a total immunity to the mefhodoiogical>difficulties of con=~

trolling other significant independent variables.
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Drive deprivatioh alone infiuences the eanimals! bebaviour, and
functionsl and structural changes that hzve been shown to result
from increased handling and tactual>stimulaticn may confouhd'ﬁhe '
issue when litter size is modified. - However these studies irndi~
cate that thefe are critical pericds inéthe development of the
CNS .and brain as a cellulér and bio;hemical system during which
its morphological and ‘biochemical structure is vulnerable to thé
© effects of malnutrition. Convergsly, épposite morphological and
bidchemicél effects can be prﬁduced by inverting the independent
variables viz. by overfeeding or supernutrition. Thé'problem
ariées from the.fact that these twq Oppasite gxtremes of treat-
men£ in énimals produce similar functionzl, behavioural déficits.
Thus inferenqe only relates cell size and cell number to function-
al cdisability in maze‘performance or conditioned resécnse formation;
the consequences, in térmé of behsavioursl function, of the mor-
phological; biochemical and enzymatic alterations in the Eréin pro-
duced by malnutrition du:ing critical developméntal periods have
not been fully established.

Some pafallels exist between the pehauioﬁr‘of preﬁiouslyjmald
nourished animals and pteviobsly‘maln0urished children. Barnes
(1967) demonstrated rebeatedly that éreviously malnqurisﬁmd animals
shawéd no difference in rate of developing a conditioned refleg;
but_the rate of extinction of the cdﬁditioneq reflex wes signifi--
cantly prolonged. 1In humens, Klein et al. (1572) using'heart rate
as the dependent varisble, deﬁonstrated 2 significantly different
pattefn énd slowerrete of hasbituation to pure tone stimuli bstween

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

between normal children and thbse_suspected of brain damage,

but differences in érienting reflex and habituation have alsc been
noted by Levine and flullins (1968) tc ocecur between manipulated and
non-manipulated animals, and between maternally depriued monkeys amd
normally reared contrbls., 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 capsble of

producing a degree of ‘'‘damage' to the brain im humans and animals.
No strudtural lesion, focal or diffuse can be identified; the
'damage' is a damage to growth-ahd function (Dobbing 1970, 1972,

1972a). A specific biochemical impairmant mzy yet be found,

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

Difficulties in relating demonstrated morphological and bio=-

~chemical changes to observed functional deficits in malnourished

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

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

response in children with phenylketonuris and histidinemia respec-

~tively. Evidence for actual placental transport of these smino
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acids suggests that children of malnourished méthers may be under
considerable risk in intra-uterine ‘vexpos:ure to high levels of
histidine and phenylalanine. €hildren with histidinemia preseht
with a particulai type of speech disorder based on inability to.
pronounce certain words, and asscclated with an euditory 'scramble!
manifested as an\ihability to repeat words in seguence added one
at a time, together with a short éuditory memory'span‘A A,poési—
ble mechanism for a lsrge coﬁponent of mental retardstion in
children following PCH is the result of nutritionezlly induced
enzymatic deficiencies iﬁ histidine and phenylalgnine.‘

Studies such as described by witkop are fare, but indicate
the auailabiliéy of research apﬁroaches whiéh ore promising be-
cause they sugéest testeable hybotheses. For example, lUitkop
.suggests that the type of mental retardation expected‘would havé_
‘clinical featurés of hiétidonemia and ﬁhenylketonuria, and that -
children born to protein malnougished mothers would have an in-
tellectusl defect quantitatively end qualitatively different from
the child who had only post—weaniné PCM. Several studies heve in=
dicated that verbsl and language funotions are consistently more
seriocusly implicated and failed tao respond tq rehabilitstion to the
same extent thai motoric and non-verbal functions do (Waterlow,
Cravicto and Stephen, 1960; Cravioto, 1970; Yaktin, 1870, 1971).
~This observation has been assumed oyef the past to reflect £he ef-
fects of maternal dsprivatioﬁ and of class differences in verbal
interaction betwsen mother and child, but it mey be related rather
to a deficit of auditory memory. Some support for this comes from

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



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

as 8 consecuence of PCH in both animals and childrene.
q
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PRET I1: THE BRESENT STUDY

CHAPTER 8

BACKGROUND, RATIONALE AND HYPQTHESES

This study is the logical extension of an ingestigation
reported under the title "Kweshiorkor snd Intellectual Davelop~'
ment" in 1969. Whan, in 1968, that irvestigation was undertalen,
few studies of its kind had been reported in ﬁhe morld literature,
and the study was unique in that-it‘was the first reported use of
intré~?amilial subjectsvand controls (siblihgs) in an attempt to
control the many non—ﬂutritiQe variables which.act independently
in the developﬁent of intellectusl functioning. The results ontheV//
study<indicated that an scute episode of protein deficiency diseaée
of sufficient severity io necessitate in»pstient hospitel treatment

did not significantly lower thevsubsequent functional intellsctusl

level. Tﬁe study howsver dicd not exclude the possibility that long-
term chronic undernutrition did Qetard inteliectual developmént, in
both the subjescts and their sibliné controls. Whilst the study
minimised ﬁhe influence of genetic, social and environmental factors

on the determinatin of intellectual developmént by the use of sibling

controls, there wes also to some extent = cancelling out of the

independent variable. Thus, a siﬁilar degree of physicél growth
raetardation wes found ih both graUps, and the group with anﬁecedenf
kwashiorkor diFFeres only from the sibling control group with the
intéruention at some stege of one or more factor{s) which precipita-
ted an acute phase of proteinmcalorie melnutrition sufficient in

degree to produce unmistakeble signs and warrant in-pstient hospital
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treatment. In retrospect it is impossible tsiidentify the intervening -

factor; . this may have been nutfitional in the form of 2 deficiency

of @ specific nutritional element e.g. protein or vitamin, or it

mey have been infactive, or it may have been psychosocial or psycho-

dynamic or any combination of these. The suggestion wes thersfors

made that a study of children who hed been nutritionslly deprived

by virtus of an intestinal malebsorpltion syndrome or fibrocystic
dissase should be undertsken in which their intellectual function-
ing could be compared with thst of their siblings.

The impractability of such a studyybecause of the lack of a

sufficiently large number of subjects satisfying the experiméntal

requirements led to the ides of approaching the problem from a
different angle viz. by studying the effect of inverting the in-

dependent veriable. Stoch and Smythe (1963) suggested that the

effects of PCHM on intellectual development could only be demonstrated

by the‘coﬁparison of children representing opposite extremes in
nutritional condition, and used this arg&ﬁant té‘justify their com-
parison of grossly maresmic chiidren with children whose esrly
nutritional status had been mainf;ined zt an adequate level through
attendance at a‘creche. The presant study alms to stimultahéously
exploit the conqept of studying extreme cases of the ihfluancercf.
the independéﬁt variable ih twb direﬁtions, and aléo to include
the advantages of the use of sibling contrﬁls. The design basicelly
operates by the comparison of different éhildfen from within the
same family who respectively |

a) suffered an acute clinical e@iéode of PCH,

b) suffered PCH evidenced by significant physical growth
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.retardation but at nu timevpresented with
acute clinical symptoms and
¢) in whom PCHM wss prevented by dietary sup-

plementaetion during the first 2 years of life.

The main hypothesis underlying this study states that if v -
garly malnutfition per_se causes retardztion of intellecéual ‘
development, then dietary supplementation during the same de-
velopmental period should‘prevent the occurrence éf such intale ?ﬁ VT%
lectual retardation in a populetion st risk. A basis for this . ,
research approach is the known fact that siblings hévé highlyl
correlated scores o intelligence tests, reflectingAthe fact that
sibiihgs belong to thé same penetic pool,‘haue been exposed to
similar physical and social environments, and have been exposed to
simiiar epidemiological'hazérds.

Because progisian of dietary supplement to an infant within a
Famiiy is'likely to provide other non;nutritive stimulétory effacts

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

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

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

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

effect of improving nutrition on intellectusl development, the



58

- pther extreme situation wes studied in each family by testing an

older sibling who hed been malnourishsd to a degree sufficient to
ceuse an acute episode of kwashiorkor necessitating hospitalisation,
and trestment in a metabolic ward, together with a further sibling

whose physical growth had been retarded to a similar extent but whe

‘had not succumbed to acute PCM.

The design of this study is uﬁique and was @ade pussible by the
exgstence in Cape Town of an unusual group of subjects who have been
under study over thevpast 15 years by the M.R.C. Clinical Nutrition
Reseérch Unit at U.C.T. The feed~up project was initiéted in 13863
when the new-born sibling in & group of Cape Coloured familiesi
with a knoun incidenée of kwashiorkor_was selected for dietary
supplementation (Moodie et al., 1973). Apart from the incidence of
acute PCHM in the family, fhe main criterion for selection was a poor
growth record in sll antecedent siblings (below the 3rd percentiie
in weight and height for age) in spite of normsl birth weight.

The project was conducted by a~medical‘social worker who paid
weékly visits to the family fdr 2 years from thé birth of the feed-
up siblings. Initiall?, sgpervision only was given to ensﬁre that
breast’feeding was well established. When breast feeding failed,
or declined to insufficieﬁt levels, fecdiné was supblemented by an
adequate supply of branded full?cream poudered or eveporated milke
{then each child was aged 2% months, aAfOftified cereal was intro;

duced regardless of the status of breast or bottle feeding. (Pronutros

protein content 21.5%, 365 calories/100 grams). In addition, a vita-

min and iron syrup wes supplied for the duration of the programe.
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Weights 8nd heights df the infants mere fec6rded regulsriy,
and any tendency towards failure to thrive was investigsteé medi-
call?. Similarly, any inéidenpe of iilness or infeotioh was treat~
ed promptly. Control siblings received the same éedical care;
they slso possibly benefitted from e praport;oh of the dietary
supplemenf,vtha likelihood of which increased only after the first
6 £0 12 months of supplementation when they were more able to ob-
téin the cerssl for themsel&es without the mother's knomlédge. -

Apart from this, general improvement in nutritiocn on account of

improved maternzl motivation end the genersl focus of attention on

food witﬁin the family is likely to hsve occurred. The actuzsl
quantity of food dispensed per chi ld pervweék was determined by

the chiid‘s weight gein, the limiting factorAbeing only a regafd

tb excess which could be put at the disposal of the sibling~éontrml’
child. The feeding masvonly supplementary - the child sthegwise

participasted in the ususl ezting habits of the family. The dietary

supplementzation was discontinued when a mzan duration of 28 months

had been atteired. Thergefter routine care was continued at the

local Health and @elfare Centres.

The present study aims to investigete the following postulatess:-

Proposition ;: If mainu£rition as such causes retardation of
intélléctual and cognitive development, then
the fed group should show a sigﬁifiéantly nigher
intelligence score when compared with sech of the
other three groups.

Proposition 23 If social and stimulus ceprivation (including the

(]

effects of recurrent illness and infection) rather



Proposition 3:

Proposition 43

then melnutrition 25 such is responsible

for the intellectusl snd cognitive retarda-
2 X

- tion, then ho significent difference in intelligence

score would be expected betwsen the fed group and
the fed-control group, but these two groups should
differ significsntly from the kusshiorkor and
kwashia:kor'cénﬁrcl GIOUD .

If the soverity of PCH is reloted to the dogres
of intellectual retorcation then the kwashiorker
group should shpw 8 significentiy lower inte;lif
gehce scofe when conpared with the kwashiorkorl
control group, and the fed-control group.

If the duration of chronic PCH is relsted to the
degéee of retardation of intellectusl developmant
then ho.significant difference in iﬁ£elligenée
score should be expected to occur between the
kwashiorkor group and the kwashiorkor control
group, but both groups should show significantly

lomer\intelligence scores than the fed group.

hilst the aboue-prdpasitions are formulated in terms of quanti-

tative diffetences in intellsctusl developmant, qualitetive differ-

ences should be shown by differences betwesn the groups on the sub-

scale intelligence scores, and by differences on the Bender Gestalt

and Harris Drawing Tests (See Chapter 9).
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TETHODS AMD TATERIALS

THE SAMPLE

In August 1972, 14 6? the feed-up children from an original.
group of 18 were availsble for study, together with‘lS'sibling
contrals.' Within Q of these familigs, kuwasniorkor rehsbilitees
énd their sibling controls had been tested in 1968.during fhs
previcus inuestigaficn. 8y including the remaining 5 kwsshior-
kor rehabilitees and thoi;} s‘ibliné controls, a sample of 54
children from 14 families wse composeﬁ ae follows:s from sach of
12 families 4 childrén were drawn end assigned respectively to
kwashiorkor group, kwashiorkor control group, Féd group, fed;
control group; in 2 additionel fazmilies 3 children were availablé:
assighed to kwashicrkor group, kwashiorkor control, and fed group
in the one family; end as kwsshiorkor greoup, fed'group, and fed
control group, in tha other family. Both of these gaps were created
'byAthe death of a controcl child, oneg dus toc 2 motor vehicle accident

and one due to accidentsl poisoning.

THe EX!

EFTHENT AL CROUPY

Two experimental groups were formed each containing 14 subjects,

angd each répresenting an extreme of early nutritional stotus:

Kwscshiorkor Group

The criterion for selection to this group wes that the child
had been hospitslised et least once during infancy for trestment of

acute kwashiorkor ss defined by Hansen (1968). The subjects in this



group were all males, reflecting the knowh unegual distribution

of the disease between the sexes.

Fed Group -

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

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

THE CONTROL GROUPS

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

tal groups which were also sibling groups:

Kwashiorkor Control Grouo

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

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

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

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

Fed Control Group

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

months (1.8 years) older than the fed group (range of age gap
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D.95A~ 3.0 years) so thet by the time supplekanfary feeding was
‘commenced the grgup had a mean age which exceeded the theoretical
critical periad of vulnersbility in brain growth.and were thereforas
not $usceptible,td significant accele;ation in intellectual develop~
ment’resulting from improyed nutrition.

No chila was included in the study if there was zny doubt about
méternal or paternal parentage. In all cases chiidren had lived
within the same family environment except for periods of admission
to hospitsl. This absence frbm the family affected mainiy thé
kwashigrkor group in which it was a constant facﬁor throughout
the group. A small(number of families made moves of residence
(generally to improved conditians) dufing the feed-up perisd;‘

In 8 of ths families a further sibling wes born within ﬁhe fesd-
up pericd. The supplementary feeding uwas exténded to this ney

sibling, but he was not included in the sample.

TEST BATTERY

‘The battery of tests wes essentially the same as that applied
in the previous inuestigatiﬁn with tﬁe addition‘of the Bender
Visual motér‘ﬁestslt Test in the present study. The aim in select-
ing the battery of tests was to éroyide‘é~profila of the children's
present overall intellectual performence, and the.Bender Gestglt
Test was included because of its value in discriminating ‘'brain .
damagedf 8nd"n0n~brain damaéed* groups‘(Koppitz, 1964). No ihrl
‘telligence sca;e h;s been standerdised for use on Cape Coloured
children in this ags;grouﬁ,‘and consideration was therefore given

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



neuramiqtegratiue competence by examiming featuréskof neurclogical
maturation which folloy a known clesr-cut developﬁent course in
normel children; and upon which the influence Qf particular cul-
tural experiences is relatively small.(Cravioto, 1970; Birch,
1970). However, more recent research (B?idger, 1970) has demon;
strated that>poar performance on tests .of ihﬁar~sensmry integra=-
tion is related to insbility to employ abstract verbal labels
rather than to perceptual deficit (quoted by Klein, 1872 in dis-
cussion). In gspite of disadvéntages% it seeﬁs that the convenw~
tionél intelligence scale remains, at this stage; the most useful
fechnique of evaluation. The New South African Individual Scale,
although stendsrdised on a White 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
reéults of the nresent study comparable with those of Stoch and
Smythe (19é8) and with those of our previous study of kwashiorkor

rehabilitees and their siblings.

‘THE NEW SOUTH AFRICAM INDIVIDUAL SCALE (NATIONAL BUREAU OF

EDUCATIOMNAL AMD SOCIAL RESEARCH, 1964)

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

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

Vocabulary - multipie choice picture-type test using s totesl of

30 vocaily presented stimulus words; the test thus reguires a per=
ception end integration of an auditory stimulus with a visual sti-

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

Comﬁrehensimn -~ ten guestions :elating to(evéfyday.life situa=-
‘tions and customs arc pressnted vecally. Responsesvare scored

on 3 levels of qualitative differentistiecn of increasing‘abstraé-
tion, and are said to indicate 'judgement! or ‘'common sanse!
pérfc;mance>in which emotional and intellectusl functions play

a papt.

Verbal reassoning - a similarities test of abstract reasoning,

the first 2 items of which are in analogical form. Responses
are scored according toc Rappaport's level§ of.reasohiﬁg, ViZe
concrete, functional, abstract. Performance on the fgst dependé
on aﬁility to distinguish between‘essential and non-essential
similarities, to generalise, and to categorise¢

Problems - 15 verbally presented (the first 8 presented vqpally)
arithmetic proble@s, considered mainly a test of ability to con~
centrate.’ Succéssful performence is depeﬁdénf on tfaining, and
the score therefore reflects the level of school achievesment.
mémorz - test of immediate recall of mesningful verbal msterial
presented vocally.

Pattern Complstion ~ performance reguires a free response in the

completion of 16 partially completed designs; time may be taken

into account in scoring. Visusl orientation as well as ability

to concentrate is involved in performance.

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

synthetic ability and especislly the ability to solve problems
in spatial relationships. 8Scoring may include a time factor.
Absurdities - similar to Wechsler's Picture Completion sub-test

but containing incongruities as well as omissions.
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Form Board ~ an adaptation of the Leske-Smith Form Board and

consisting of © Figﬁr@s: 3 of 3, and 3 of 4 loose cmloufed pieces.
Scpring'is based on time taken to complete sach figure. The test
is-reéarded'as an indication of qualitatiQe asnects ofvintelligence
and reflects the Bffenﬁ of temperament factors on the solution of
concrete probiems. ' _ .

The battery uses point scales, 50 that the same test 1tem can

be applied all the way through to all ags groupw, and the standard

‘deviastion - IQ method réplaces the mental age method. Performance

is indicsted in terms of standard scores or normaliséd scales
SCOTES. In the present investigatian, "nower-plus time; scores
wers uséd throughout.

Becauyse this test has not besen stundardlsed for the populstion
to which it was applied in this investigation, the terms 'verbal
qgotient', 'non=verbal gquotient', and 'full scale quotient!' are

replaced by the terms ‘'verbal score', ‘non.verbal score', and

'full scale intelligence score's Thesa 'scores! represent the

child's perforhance in terms of ?hé White standsrdisation sample;
significanoe can only be attached to this score ih térﬁs of dif-
ferences between the scores cbtained by the various graupé and the
scores cannot be interpretedfnmrmatively in 'IQs! with referencé

to @ particulsr populstion.

THE BENDER GESTALT TEST (Bender, 1938)

Thiéﬁﬁest,‘céhsisting'of nine geometric figures presenfed ane
at a time and which the subject is asked to copy on a blank sheet
of paper, uwss Qse& originally as a visual;mugor tes£ by Bender who

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

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

either functionally or organically induced. The test remains one

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

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

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

ed and extended error score curve was thergfore constructed using



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

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

~drawn to extend out tuwards'ZQ years of age. The original Bender

standard deviations as reported were included in the graph from
8 years of age to 10% years.af age and these standard deviaticns
were likswise extrapolated in the smoothed curve to 20 yéars of

ége. The means and standard deviations resulting from this ex~
trapalation are reported in Table X (Appendix'III). For each .

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

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

'between'hié score and the mean on the extrapolated line divided

by the extrspolated standard devistions. The Z scores were then

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

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

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

score i.e. as related to the normsl curve was not satisfactory
because a number of children had such high Z scores (of the order
of 5 and 7), that no area was left under the normal curve. The

percentile rank approached zero after a Z score of spproximately

three. To aﬁtempt to give‘a'me&ningful percentile renk to child-

ren with high Z scores, the Z scores were treasted as though they
were t scores with 2 degrees of freedom. Thus, for exemple, a

child with a so-called Z score of 4.3 had a percentile rank of

' S%. A graph was drawn - the points of t at 2 degrees of freedom

were taken ss 0.0, 1.0, 1,88, 2.92, 4.3, 6.96 and 9.92. The
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relative percentiles were teken as 50, 34, 20, 10, 5,«2'aﬂd 1.
The children's Z scores were then read onto the graph and their

percentile ranks were read off fram the graph,.

THE HARRIS=-GCOODENOUGH DRAWING TEST

This test wes included for its vaiue in evaluating ‘*intellec-
tual maturity' in contrast to the Ig mbtion,of unitary intelligence.
Hérris’é‘concept of intellectusl maturity includés the abilify to
form concepts of an increasingly abstract néture. The proceés
of concept formation comprises three functional steps, viz.

1. The ability to pérceive i.e. to discriminate likenasses
and differences;

2, The ability to absﬁract i.e. to classify objects eccording
to perceived likenessés and differences;

3. The ability to generalise i.e. té assign avnemly expérienced
»object to a correct‘class, according to the discrimination
made.

A child's,drawing of any object will reuéél the discriminztions

hg has about that object as belonging to & class i.e. the level

of his conceptual meturity, and his concept of such a freguently

and universally experienced ébject as é human being provides an
index of & growing complexity of his concepts generslly, particu-
larly as it reqdipes iﬁtegration of af?ective‘and cognitive elé-
menés. |

Thé child is asked to make the best picthe ﬁe can of 1) a man
and 2) a women, and the formal anc structural elements of the
'dfawings are scored on 3 levels viz. presence, dimensions, and

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

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

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

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

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

parencies, and the presence of sexual organs.

PRCCEDURE

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

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

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

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

interspersed by periods of free play of at leést 45 minutes duration
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in a well equipped playroom. No incentives were éuggested or
of?ered before the completion of testing, but the mejority of
children essumed on the basis of past experience thét a remafd
would be forthcoming on completion(of the test pfogram. RafreshQ
ments in the form of fruit juice cordials, milk, coffee, sandﬁiches,
’ biscuits and sweets were provided during the bfeak periodsoA Ril
test administration and scori&g was carried out biindly° In no
case was the examiner aware of the group to which ény particulsr
child wes assigned until his final test scores‘had been calculéted.
The physical stature of these children is such that it isAdifficult
to estimate their agé.

The 9 kwashiorkor children and their controls who were'tested
during the previcus investigation were recalled for the administra~
tion of the Bender‘ﬁeséalt Test, at which time the Harris-CGoodenough
Test was repeated. O0Of these subjects 2 were,tested on a Safurday
afternocon in order to avoid inteffarence with their employment;
for the rest all sessions were héld‘in the morning. én avepégé of
4 children were tested per morning, and Qith 3 féw exceptions; these
were representatives of at least 2 diffefent families. The order.
in which the children were taken into the tesst room was determined
fanéomly by tossing & coin.

‘Standing height and Qody weight of esch child wefe measured on

the day of testing. In addition the heights 2nd weights of the fed

. children and their controls were asvailable at an early age (during

dietary supplementetion) and at 2 mid-term age (approximately'Q
years after the sessation of dietary supplementztion). Mid~ferm

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

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

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

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

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

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



group were recorded, £s also was the number of siblings in the
family at present, snd the ordinal position in esch family of

the 4 children included in the study.

THE ANALYSES OF VARIANCE (ANCYAls)

The data weré subjepﬁed to anelysis of variance and multi@le
comﬁériscns of means were computed. Both matched technigues
using lZAsets and unmatched techniqués using‘lé sets egployed where
appronriate. This anamély was created by the deaths of tuo of the
sibling-control children; the particular technigue used wili’beA
indicated by the degreés of frecdom. ﬁorrélation matrices &are
also computed.

Two-way enalyses; [fiost of the two-way analyses computed were

-

2-way ANCOVA's with repested messurements on both factors (Kirk,

1968). These are referred to by Kirk as "randomised block factorizl

designs". Where appropriazte 2-way ANOUA's with repested measures on

1

a single factor were used (Kirk, 1968: Chept 7). Comparisons between

the means of the verious trestment levels were cerried out using the

Scheffé multiple bampérison test. For~comparisons of meens on the
NSAIS sub-test scores, Tukey's HSD tzchrnigue was used (Kirk, 1968:
Chapt.S). In cesss where éignificant interaction effgctslaccurred
in the 2-way ANOUA's, sirple main effects wéré calculated and their
means coﬁpared according to the technigues leid out by Kirk (1968:
Chapt 7). |

. One-way enalyses: lhere appropriste one-way ANCVA's with repeated

mazasurements were computed.



RESULTS
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CHAPTER 10

RESULTS

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

The iesul#s obtained on each of the variables examined

were as follows:



TABLE 1: MEANS AND STANDARD DEVIATIONS FOR THE FOUR GROUPS
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ANOVA

***p<0.001‘

iSignificance - Kwash Sib K Sib F Fed

Age Hk Mean .13.0 12,0 10.7 8.9
Sd 1.9 2.1 1.0 G.5
{Full Scale dee. Mean  70.0  72.0 72.2 81.8
Intelligence Score sd - 13.5 4.6 13.0 13.0
Verbal Mean 74.3 75,0 70.8 81.3
| 0.01>p>0.05 ¢4 16.1  17.3 13.9 14.0
Non-Verbal Rk Mean 71.3 74 .4 80.5 86.3
Sd 8.8 9.2 11.2 10.4
Harris NS Mean 81.3 83.7 75.1 81.0
‘ Sd 17.6 16.9 11.1 13.3
{Bender (PQ) NS Mean 71.2 62.5 65.7 63.5
: Sd 30.5 21.4 18.5 15.6
Bender (t' Scores) NS Mean  29.7 28.2 18.7 17.6
Sd. 22.2 20.5 18.8 17.6

*p<0.05

*%p<0.,01




TABLE 2: SCHAFFE MULTIPLE COMPARISONS BETWEEN MEANS

#¥kp<0, 001

Kwash’ Sib K Sib F Fed
Age
Kwash NS5 *%k LR
Sib K NS &%
Sib F : *
Fed
Full Scale
Intelligence
Score .
‘ Kwash NS NS ®¥
Sib K. NS *
Sib F NS
Fed .
Verbal ' :
Kwash NS NS 0.05<p<0.10
Sib K NS NS
Sib F NS
Fed
Non-Verbal
Kwash NS % Redrd
Sib K NS *
8ib F NS
Fed
*p<0.05
*%p<0.01
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AGE 'VARIABLES

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

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

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

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

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

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



TABLLE 3: MEANS AND STANDARD DEVIATICNS FOR THE

FOUR GROUPS ON AGE ON TESTING (NSAIS)

Kwash 5ib 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.

119.

Means for the four groups on Age on Testing (NSAIS)

Sum of Mean : F
Source L
, Squares Squares ratio
Between subjects 135.0 3 45,0 .. 19.0% %%
118.0 50 2.4

Within subjects

#*%% p <0.001

TABLE 5: MULTIPLE COMPARISONS BETWEEN MEANS OF AGE ON

TESTING (NSAZLS)

Scheffe Multiple Comparisons

‘Degrees of freedom (3,50) in all cases

Kwash

Sib X Sib F  Fed

Kwash - NS 5.1%% 19, 1#%%*
Sib K T e NS 9.5%%
Sib F - » 3.2%
Fed -
¥p< 0.05
*%p < 0,01

x%%p < 0.001
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included in the project at tﬁe_ages of 6 months (case 6), 10 months
{case 2), and 4 months (case 14).‘.In all cases breast feeding had
beén adequately maintained up to the time of admission to the study.
Birth weights of the fed group children ére shown in Table 56
"(Appendix I); in no case Wés birth_inght below 12.5 kg. The
duration of breast feeding of the fed group children is shown in
Table 56 (Appéndix I). The fortified cereal was introduced
_routinely in all cases at the age of 2.5 months. The prbéram
ferminated when the meanlage of the fed group was 28§1Vmonths
(2.3 years).
The age on admission‘to hospital for the members of the
kwashiorkor group are shown in Table 56 {(Appendix I). The
meaian was 21Vmenths. In terms of the division used in the
previous study, the present k&ashiorkor group was predomin—
antl? 'late-onset', with only 2 cases being admitted to
hospital Sefore'the’age of 16 months. .The age range was
. 10 - 48 months, In the population under invéstigation the
age of 21 months represenfs 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 reathea this age of vuinerébility‘by
the time the feeding project was started. No significant
correlations between age on admission to hospitél and fﬁll scale,
" verbal, or non-verbal intelligence scores occurred in the

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

(df 11)
g 4
[/)]
o £
o 3 apd
154 o M 4 wn P
ﬁ lal g o] o o g
g @ < a " H 2
H o o o & 2 =
o o} [aa] -4 g‘l R 41 5
- . ) 5 i T
(AR N S NN N S T B
e e =8 CHoL g 8. G
F.5. IQ Kwash{ -
F.S. 1Q Sib K| .71%% -
. [VERB.IQ Rwash| .97%% ,70%% -
VERB.IQ Sib K| .74%% ,98%% 2%k -
NON-VERB.IQ Kwash] .83%% ,56% L68%%  pOF% -
NON-VERB.IQ Sib K{ .57 =~ .92%% J59%%  83%% 40 -
AGE ADM.HOSP. 17 -.06 170 =04 17 =07 -
*p<0.05

*%p<0.01
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SOCTAL VARIABLES

Multiple Social Index

The Multiple Social Index (MSI) for each family is shown
in Table 56 (Ap?endix>I). A significantly high correlation
(Appendix II, Table 67) between MSI and non=-verbal intelligence
score occurred in the ﬁwashiorkor group only (r =:'Sé,hp<0.05}.
Income
Income ratings (percentage of Pcverty Datum Line)lqther'

thén those included in the MSI are also shown. Tﬁe’IQSQ

rating corresponds with the period of early childhood (0 = 3
years) of the kwashiorkor group and its control group and the

fed contrbl group, whereas the 1964vfating assesses the

financial statﬁs of the family into whiéh the.fed group chila

was born.. Income is an important va?iable as it will partly
determine andAreflect food .availability in the family, ihe
‘means show a déwnWard trend for the pericd 1959 (64.7%) to
19645(58.32), and this combined with avsteady increase in |
family size suggests a detefioration iﬁ socio-economic and

hence nutritional conditions over this period. In this respect -
the risk of PCM was clearly higher for the .fed group coﬁtrol child
than for tﬁe kwashiorkor control child, but maximal for the children'
of the fed group in these familiesa vThe chances of succumbing to
acute PQM were great in both the fed and the fed contfol groups
withouf the intervention of the'supﬁlementary feeding pxogram,
_Which,rééuced inter—-current infection in the fed control group
by the concurrent supervision'and medical care. vfhe maxked rise

in income to 88.5% in 1969 is probably a reflectipn of the
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éountry’s general economic inflatiqn,‘combinéd with the‘factvthat
many of the older siblings were engaged in some fﬁrm of gainfu}
’unskilled"eﬁployment 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 (r = .41,

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

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

correléte significantly with group differences in verbal, non-

verbal and full scale intelligence scores (Table 74, Appendix I1).
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Position in Sibship

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

non-verbal intelligence scores.



TABLE 7: CORRELATION COEFFICIENTS BETWEEN INTELLIGENCE

SCORES FFOR FED GROUP AND KWASHIORKOR GROUP AND

PROXIMITY IN SIBSHIP

125.

(df 12)
-
N : g‘
g 8
o )
< e g e 8
ow 0 : . Y
i 3 § 3 =& & &
» fxe » (= . . L
o o sl 2] w3
o o b et o~ o -
e H . . o & &
. . e} M 1 t
Pee [ > > = = frc
F.8. IQ Kwash -
F.S. IQ Fed 37 - ,
VERB. IQ Kwash L97%% 42 -
VERB. IQ Fed .35 L 9B*% A2 - ,
NON-VERB.IQ Xwash .82%%x 13 4% L0 -
NON-VERB.IQ Fed .37 .96%% .39 L90%% 21 -
FED (POS)-KWASHE (POS)| -.10° .05 -.03 .06 -.27 .06 -
#*p<0.,05

%%p<0,01
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. Food Index

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

Kwashiorkof group -1
Kwashiorkor—cont;ol group -~ 1
Fed control group ' - 2
Fed group‘ -5

These numerical values were based entirely on assumptions
concerning the nutritional status of the groups during the first
21years'of 1ife; and are not objectively verifiable. Nevertheless,
significaﬁtly high positive correlations occurred between 'Food
Index' and height at midterm (ﬁ'n~.51,\p<0.01) and weight at.
ﬁidterm stage (r = .46, p<0.01). Neither height nor weight at
present cérrelated significantly with 'Food Index'. (Table 66,
Appendix II).

Significantly high positive correlations were also found

‘bhetween 'Food Index' and full scale intelligencé score (r = .35,

p$0.01), and non—verbal score‘{t = ,55, p<0.01). 'Food Index'’

also showed a significantly high positive correlation with the
Index of Sibship (r = .68, p<0.0l). (Table 66, Appendix II).

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

 the 'Food Index' showed significantly high positive correlations

with voéabulary (r = .40, p<0.05), and memory (r = ,42,'p<0;05)

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

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

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

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

Table 8 shows the means and standard deviations for the four

~ groups on tﬁe 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<0.0l) and the kwashiorkorécontrol_group
(p<0.05). No significant differences were found between the

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

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

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

significantly high positive correlations occurring between all

 groups except between the kwashiorkor group and theﬂfed'group.

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

Correlations between full scale intelligencevscoré and other
variables are showﬁ in Tables 66 - 76 in Appendix II.

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

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

Kwash Sib K Sib F Fed

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

"TABLE 9: ANOVA SUMMARY TABLE

One—-Way Analysis with repeated measurements

Mean Full Scale Intelligence Scores for the four groups

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

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

Scheffe ﬁultiple Comparisons

Mean Full Scale Intelligence Scores

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

Kwash Sib K Sib F -~ Fed

Kwash - . NS NS ° 5.0%%

Sib K o - NS 3.5%
Sib F ' - 3.1%
Fed -
*p<0.05
*%p<0.01

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

(df 13)
Kwash Sib-K Sib F Ted
Kwash -
Sib K | .75% ~
Sib F | .74% .78% -
Fed .40 .75 . 80% -

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

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

In all groﬁps except the kwashiorkor group the intelligence
score showed a significantly high positive correlation with the
Harris Drawing Score (r = .73, p€0.01 for fed group; r = .56,
p<0.05 for fed control group; r = .65,‘p€0.01 for the kwashiorkor-—
control group) .

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

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

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

— Duration of the supplementary feeding program,

- Ineéme,

~ Multiple Social Index.
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A significaﬁtly high.pbsitive correlation eccurred Eetween
intelligence score and elapsed time from the end of the supple-
mentation period to the’tbne of testing in the fed group only
= .76, ,p<0>.‘01). |

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

must be rejected for overall intellectualidevelopmental.level.
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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 kwaéhidrkor group and ité

céntroL group, or between the two sibling—control grqupé, or

betﬁeen the kwashiorko; group and'the fed*control group.
Correlationstetween the four groups on verbél score are

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

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

- full scale intelligence score.

Significantly high positive correlations occurred between

_verbal and non-verbal scores (x = .72, p<0.001) and between

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

This similar correlations were found consistently in all groups

(see Appendix II).
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TABLE 12: MEANS AND STANDARD DEVIATIONS FOR THE
V FOUR GROUPS ON VERBAL INTELLIGENCE SCORE

(NSAIS)

Kwash Sib K Sib F Fed

Mean 74.3 75.0 - 70.8 81.3
sd 16.1  17.3  13.9  14.0

TABLE 13: ANOVA SUMMARY TABLE

One-Way Analysis with repeated measurements

Means for the four groups on Verbal Score " NSAIS)

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

Scheffe Multiple Comparisons
Verbal Score (HNSAIS)

Degrees of freedom (3,33) in all cases

Kwash Sib X Sib F  Fed

Kwash - NS NS NS

Sib K - . NS NS
Sib F - .. 2.55%

Fed ' -

% 0.05<p<0.10

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

(df 13)

Kwash Sib K Sib F Fed

Kwash -
Sib X L72% - )
Sib F .66% .63% -
- Fed b4 L70% L 64% -

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

In the fed-control group a'highly significant correlation

-occurred between the verbal score and the time elapsed between

the end of the supplementation.period and thé time of testing
(r = .74, p<0.01). 1In this group also, verbal score éorielated
with early height (r =.;57;,p<0.05), and early wéightv(r 2 .66,
<0.01). (Table 76, Appendix IT).
No significant correlations occurred between verbéi score and:
-~ Age on testing,
~ Age at start of the feeding p:dgram,>
= Age at termination of the feeding program,
- Duration of feeding program,
- Food Index,
~ Income,
- Multible Social Index,
- Midftefmvweight and,heigﬁt.'
In tﬁe kwashiorkor group, .verbal écore did no£ correlaté
significantlvaithvage on admission to hosbital;
These results indicate that Proposition I should be. accepted

whereas Proposition 2 and Proposition 3 must be rejected for

..verbal score.
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NON-VERBAL INTELLIGENCE SCORE

Tﬁa means and standard deyiations for the four groups on
tﬁe«non—verbal sub—scale of tﬁe NSAIS are presented shown in
Table 16. Figure 4 shows the distributipn,of the . scores.
The analysis of data is presented in Tables 17 and 18. No
: signifiéant differences‘occurred,between tﬁévfed group and the
 fed-control group, or between the kwashiorkor group and the
kwashiorkor—control group. TheAfed group was significahtly
higher than the kwashiorkor group (p<0 001} and 51gn1f1cantly
hlgher than the kwashlorkorvcontrol group (p<O 01) on non—
verbal score. The kwashiorkor group was significantly lower than
the .fed-control group (p<0.01).

Inter—group correlations for the four groups on non~verbal
‘scores are shown in Table 19. Although the correlations
between the kwashiorkor group and the two control groups do not -
quite reach statistical significance, the pattern‘is essentially
the same as that found for full scale and .verbal intelligence
scores. The correlations of .51 and .52 are still of the order
expécted‘for siblings,kand tﬁe low ¢orrelation of‘;23.betweén
the kwashiorkor group and thé.fed group is contrary to‘eﬁpectation '
for siﬁlings. |

Significantly high positive correlations were found consgistently
in all groups for nén‘verbal and verbal (r = .72, p<0;0§1l and full

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

(NSAIS)

Kwash Sib K Sib F  Fed

Mean 71.3 74
Sd 8.8 9.

TABLE 17: ANOVA SUMMARY ‘TABLE -

One-Way Analysis with repeated measurements

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

Sums of : Mean -~ F
Source . df . .
Squares > Squares ratio
Between subjects 2972.2 11 7 270.2
Within subjects 12965.7 36 82.4
Non—Verbal 1594.7 3 531.6 12,79%%%
Intelligence Score
Residual 1 a7 33 41.4
{error) ,




TABLE 18:

141.

MULTIPLE COMPARTSONS BETWEEN MEANS
Scheffe Multiple Ccmparisons
Non-Verbal Score (NSAIS)
Degrees of freedom (3,33) in all cases
Kwash Sib K Sib F  Ted
Kwash - NS © 5.0%% 10.8%%x%
Sib K o - . NS 7 .0%*
Sib F - - NS
Fed -
%p<0.05
#*p<0.01
#*%%p <0, 001
TABLE 19: CORRELATION COEFFICIENTS BETWEEN THE FOUR

GROUPS ON NON-VERBAL SCORE (NSAI1S)
- (df_13)

Kwash Sib K Sib F Fed

- Kwash -
Sib K .51 -
Sib F .52 65% - ‘ :
Fed . W23 LT 2% Bl% -

-p = 0.05%
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‘Correlations between non*verbél intelligence score and-the
other ﬁariables are tabulated in Appendix II.

In tﬁe kwashiorkor group, a significanﬁl&khigh positive
correlation was found betweéﬁ non—verbal §core and Bender
Geétalt Test score (r = .57, p<0.05). When the fed group and the

fed-control group were combined this positive correlation was also

‘significantly high (r = .43, p<0.05).

' Eon-verbal score correlated positively at a sighificantly
high level with the Harris Drawing Score in the fed group (r‘= .73,
p<0.01) and in the kwashiorkor-control group (r = .77,‘p<0.01). The
correlation was also positive at significant level when the groups
were combined (r = .47, p<0.01).
A siggificéntly-high.positive correlation occurred between

non-verbal score and the empirical 'Food Index' (r = .55, p = 0.01).
Non—verbal score also showAsignificantlylﬁigh.positive correlations

with mid-term weight (r = .37, p<0.05), and mid—term height (r = .39,

‘~p<0{05). In the fédvcontrol group, weight at present showed a

significantly high positive correlation with non-verbal score (r = .57,

p<0.05). 1In this group the elapsed time between tﬁe end of the

supplementation and .testing showed a significantlyvhigh,positive '
correlation with non-verbal score (r .= .64, p<0.05).
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 kwashiorqu group no significant correlation occurred

_.between age on admission to hospital and non-verbal . score.



i

vNo significant correlations occurred between non-verbal
intelligence score and;
- Age on testing,
-~ Age at start of supplementation,
‘-vAge 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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NSATIS SUB~TESTS

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

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

~ groups.

Tables 23 to 26 show multiple comparisons between the sub—

‘test means within each group.

significantly high differences within the four groups occur

most frequently between Vocabulary, Comprehension, Verbal Reasoning,

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



TABLE 20: MEANS FOR THE FOUR GROUPS ON THE

NINE NSAIS SUB~TESTS

Kwash

Sib K Sib ¥ - F
Vocabulary - 7.34 7.81 4.58 7.08
Comprehension 6.91 6.41 6.83 8.33
Verbal Reasoning - 8.00 . 7.66 8.58 10.67
Arith. Problems 6.08 7.34 6.67 7.92
Memory 5.16 .75 . 4.17 5.25
Pattern Completion| 5.33 ~ 6.00 7.08 9.08
Block Design 6.58 6.50 8.25 9.17
Absurdities 6.50 1 6.00 5.67 6.33
Form Board 5.92 7.58 8.50 8.25

TABLE 21: ANOVA SUMMARY TABLE

“Two-Way Analysis with repeated measurements

Means for the four groups on NSAIS sub-tests

145,

Mean  F

sx%p< 0,001

Sum of ,
Source Squares df 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 Lbd,2 8 55.5 14 .7%%
AxB 244 .0 24 10.2 2,7%%
B x subj. within Group | 1463.0 385 3.8 :
**p< 0,01 N



TABLE 22: ANOVA SIMPLE MAIN EFFECTS SUMMARY TABLE

(Anaiysié’taken from Table 21)
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“wx%p < 0,01

S‘ Sum of af Mean ¥

ource Squares. Squares = . ratio
Group at Vocabulary 75.7 3 25.2 6.7%%
Group at Comprehension 25.0 3 - 8.4 2,27
Group at Verbal Reason. 65.2 3 21.7 5.7%%
‘Group at Arith. Problems| 22.8 3 7.6 2.0
Group at Memory 8.8 3 2.9 0.8
Group at Patt. Comp. 96.7 3 32.2 8, 5%
Group at Block Des. 61.4 3 20.5 5.4%%
Group at Absurdities 4.9 3 1.6 0.4
Group at Form Board 48.7 3 16.2 4, 3%%
Sub~test for Kwash - 80.7 8 10.1 2.7%%
Sub~test for Sib K 99.6 8 12.4 3e3%%
Sub-test for Sib F 255.9 8 32.0 8. 5%%
Sub—test for Fed 252,1 8 31.5 8.3%%

' 385
%p < 0.05



TABLE 23: MULTIPLE COHPARISONS BETWEEN MEANS FOR

‘ KWASHTORKOR GROUP ON NSAIS SUB-TESTS
TUKEY HSD

Degrees of freedom (9,385) in all cases
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' Arith. Probs.

Form Board
Verbal Reas.
Vocabulary

Mem~- Patt. Form Arith. Absurd- Block Compre- Vocab— Verbal
ory Compl. Board Probs. ities Des. hension ulary Reas.
Memory - ? *
Patt. Compl. - C ok
Form Board - ?
Arith, Probs. -
Absurdities -
Block Des. -
Compreh. -
Vocabulary -
Verbal Reas. -
*p<0.05
TABLE 24: MULTIPLE CONPARISONS BETWEEN MEANS FOR
KWASHIORKOR CONTROL GROUP ON NSAIS SUB-TESTS
| TUKEY -HSD |
Degrees of freedom (9,385) in all cases

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

ory Compl. ities hension Des. Probs. Board Reas. = ulary
Memory - % * & F%
Patt.Compl. - ?
Absurdities -
Compreh, -

- Block Des. -

*p<0.05
*%p<(,01



TABLE 25: MULTIPLE COMPARISONS BETWEEN MEANS FOR
‘THE FED GROUP ON NSAIS SUB~TESTS

. TUKEY HSD

Degrees of freedom {(9,385) in all cases
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. Mem- Vocab- Absurd- Arith. Compre— Patt. Block Form Verbal -
ory ulary ities Probs. hension Compl. Des. Board  Reas.
Memory - o * *% ®% *k K% K
Absurdities - % ki *%
Vocabulary - %
Arith.Probs ' - *
Form Board - :
"Compr. -
Patt,.Compl. A -
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) in all cases
Mem- Vocab~ Absurd- Arith. Compre- Patt. Block  Form Verbal
ory ulary ities  Probs. hension Compl.  Des. Board Reas.,
Memory -~ * * %% k¥ E3 *%
Vocabulary - * K%k k% *%
Absurdities - % % Rk
Arith.Probs. - .
Comprehension , - .-
Patt.Compl. ' : -
Block Des. -

Form Board

Verbal Reas.

*p<s0.03
#%p<0,01



- Table 27 shows the significance of difference between the

means of the four groups on Vocabulary, Comprehension, Verbal

Reasoning, Pattern Completién, Block Design and Form Board

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

and may be summarised as follows:

9

- 2)

4)

" 5)

The fed group showed a significamtly‘higher score than
each of the other three groups on Verbal Reasoning and
Pattern Completion'subétests. The same trend was shown
in Compréhension, but the greatest difference (between
fed group and kwasﬁiorkorvcontrol'groué) did not quite
reach statistical significance.

On Vocabulary the kWashiorkor—cohtrol group was
significanﬁly‘below each of the other three groups.

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

On Block Design the fed group had a significantly higher

score than both the kwashiorkor and kwashiorkor control

~groups. The difference between the two control groups was

' not quite statistically significant.

Arithmetic Problems, Memory and the Absurdities sub—tests

'did not discriminate between the four groups.
"TIn 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 SF F SK K
SF *k  kk k%
F —.
SK _
K Rt
'~ COMPREHENSION | SK SF K F
SK| - ?
SF -
K o —
F hand
VERBAL REASONING SK K SF F
’ k%
SK - ?‘{*
K - ek
SF -~
#p<0,05
#%p<0,01

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

TUKEY HSD

(Degrees of freedom 4,385 in all cases)

PATTERN COMPLETION ‘ K SK SF F
K - 7 W%
SK - *%
SF - %
F _
BLOCK DESICN ‘ SK K SF F
SK - ?
K - %%
SF - &%
F -
'FORM_BOARD | K SK F SF
K - 7 k&%
’ SK —
; F -
SF R -
*p<0.05

*%p<0.01
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TABLE 28: GRAND STANDARD DEVIATIONS ON NSAIS
' SUB-TEST SCORES FOR THE FOUR GROUPS

Kwash 8ib K Sib F Fed

S5d 2,42 2.74. 2.72 2.72
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Correlations between the NSAILS sub—test scores and other
variables_are.shown in«Tébles fl,A72 and 73 (Appendix II).

’Food Indé%"showed-a significaﬁtly high positive correlation
with both Vocabulary (r = .40, p<0.005) and Pattern Combletion
(r = .42, p<0.005). |

Duration of feeding showed a significantly higﬁ positive
correlation with Arithmetic Problems (f = .56, p<0.0l), Memory
(r = .54, p<0.01), Verbal Reasoning‘(r = .48, p<0.05) and
Absurdities (r =.49, p<0.05).

Income showed a significantlf high positive correlation with
Pattern Completion (r = .40, p<0.05) énd Bloék Design (r = .41, p<0.05).

The length of time between termiﬁation of suppleméntation
and testing showed a significantly highvposifive correlation with
Afithmetic Problems (r = .44, p<0.05). Significant1y high positive
correlations occurred between the age at Wﬁicﬁﬁfeeding started and
Pattern Cﬁmpletion (; = .60,,p$0;61), Form BoardA(f = ,SO,p<O.Qll,
and Block Design (x = .46, p%$0.05). ;Negative correlatiouns of a
significantly high level occurred between the_age at termination
of supplementation and Arithmetic Prohlems (r = ~0.39, p<0.05),
and Pattern Cdmpletion (x = fO.&S,:pﬁ0.0S)f

Significgntly higﬁ.negative correlations also occurred’
‘Eetween all of the verbal sub~tests and éﬁe‘verbaljnonﬂverbal
disﬁrepancy (Table 71,VAppendix‘IIz.

In the fed group only a significantly ﬁigﬁqpositivé correlation
occ@?red.betﬁeen Comprehension ‘and age on .testing (x = .58, p<0.05),

and duration of feeding (r = .54, ps0.05).
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- In the fed control group the length‘mf elapsed time
between termination of feeding and testing showed significantly ‘
high positive correlations with Vocabulary (r = .82, p<0.01);
Comprehension (r = .70, P<O;Ol),vArithmétic Problems (r = .68,
p<0.05), Memory (r = .63, p<0.05), én& Pattern Completion (r = ‘SS,

.p<0.05).
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HARRIS DRAWING TEST -

Table 29 shows the means and standard deviations for the
four groups on the Harris revigion of the Goodenough Draw-a-Man
Test, Table 3O'sh9ws the analysis of data.’ No significant
differences were found in the means between the four grbﬁps.

The inter—group correlations on Harris Score are shown in

Table 31. Significantly ﬁighipositive correlations occurred

‘between the fed control group and both the fed group (r = .54,

.p<0.05) and the kwashiorkor group (r = ..49, p<0.05).

Lo—efficients of correlation between Harris Score and

other variables are shown in Tables 66 to 73 in Appendix II.

. Harris Score did not correlate at a significantly high

level with the Index of Sibship.

Significantly high positive correlations occurred between

Harris Score and full scale intelligence scorei(i’m:;Sh,

" p<0.01), Verbal Score (x = .50, p{0.0ll,‘nonﬁvefbal'Score‘(x«» 47,

p<0.01) and the Bender Gestalt Test (r = .50, p<0.0l), in the

kwashiorkor group these Significantlyvhigh correlations did not

occur, and in the fed control group Harris Score did not correlate &

significantly withAverhal and non-verbal scores.

In the.fed‘control'group Hérris'Score correlated at a
significantly high41evél with Verbal Reasoning (r = .59, p<0.05),
and Arithmetic Problems (x = .60, p<0.05). In the fed group

Harris Score correlated significantly with Vocabulary (r = .66,

p<s0.01) and Compreﬁension & = .74, ps0.01), and Absurdities



TABLE 20:

MEANS AND STANDARE DEVIATIONS FOR THE

‘'FOUR GROUPS ON HARRIS DRAWING SCORE

Kwash Sib K Sib F  Fed

Mean 81.3 83.7 75.1 81.0
Sd 17.6 16.9 11.1 13.3
TABLE 30: ANOVA SUMMARY TABLE
One-Way Analysis with repeated measures
Means for the four groups on Harris Drawing Score
Sour Sum of af  Mean F
uree Squares Squares  ‘ratio
Between subjects 4973.4 it ' 452,1 -
Within subjects 5366.5 36 149.1
Harris » 488.1 3 162.7 NS
Drawing Scale , T
Residual 4878.4 33 147.8
(error) ‘ :
TABLE 31: CORRELATION COEFFICIENTS BETWEEN THE FOUR
GROUPS ON HARRIS DRAWING SCORE
B @£ 10)
Kwash ~ 8ib K Sib F Fed
Kwash -
S$ib K 41 -
Sib F | .49% .19 -
Fed | .19 .32  .54% -

*p<0.05
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When fed and fed control groups were combined additional
significantiy high positive correlations occurred with Memory
(xr = .44, p<0.05). |
In the fed grouﬁ Harris Score showed significéntlysﬁigh
positive correlations with:v |
| — Age on testing (r = .66, pQ0.0l),
— Duration of feeding (r = .?8,,p<0.01),
- »Ageb at start of feeding (r = .60, p<0.05),
-~ Age atiterminatioﬁ of feeding (r = .68, p<0.01).
Thesé significant correlations did nof occur in theﬁfed;
' control group or when thé twq'groups‘ﬁere-combinedq
The means for the four groups'qn the Machover rating
are shown in Table 32. Table 33 shows the mean discrepancy
between Man and Woman scales of the Harris DrawingvTest for
each of the foup‘groups. No significant differences were
found between the groupé on the Machover rating or on the
discrepancy betwéen Man and Woman Scales, and these variables did
not show significant correlations with the ﬁultiple»Social index,
or with total Harfis Score.
The Harris Drawing Test had beenvadministered previously
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 thése kwashiorkor subjects and
f}their controls in 1968 éhd 1973 are compared in Table 34..
"Table 35 presenﬁs the analysis of éata: no signifiéant differences

were foundABetWeén'mean scores in 1968 and 1973.
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TABLE 32: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON MACHOVER RATING '

Kwash  Sib K Sib F  Fed

Mean 0.
sd 0

ot
o O

.
=2
O

[wle )

0.8
Oc?'

TABLE 33: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON MAN~WOMAN SCALE DISCREPANCY

(Accounting for direction of difference)

Kwash Sib K 8ib F~ Fed

Mean -
sd

~
~5 O
w O
to L
o =
.

D -
O~




TABLE 34: MEANS AND STANDARD DEVIATIONS FOR KWASHIORKOR
i " "SUBJECTS AND THEIR CONTROLS ON HARRIS DRAWING
TEST IN 1968 AND 1973
(N = 9 pairs)
Kwash(N=9) SibK(N=9)
1968 1973 1968 1973
" Mean 80.4 85.0 83.8 88.3
sd 11.9 18.5 10.8 15.8
TABLE 35: ANOVA SUMMARY TABLE
Two-Way Analysis with repeated measurements
Harris Drawing Scores in Kwashiorkor subjects
and their controls in 1968 and 1973
Sums of ~ Mean F
Source df . -
, ~ Squares Squares ratio
“Between subjects:
A: Kwash at Sib K. 103.3 1 103.3
Error B 2024.9 16 314.1
.Within subjects:
B: 1968/1973 182.2 1 182.2 NS
" A x B 0.0 1 ‘ 0.0 ‘
Error 16 110.4

160.
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'~ BENDER GESTALT TEST

The means and standard deviations for the four gfoups
on Perceptual Quotient are showﬁ'in Table 36. The analysis
is présented in Table 37. ©No effects were found to bé‘sig~
nificant. Inte:*grogp correiation co-efficienté are’shown‘in
Table 38. The fed group showed a signifiﬁangly high positive
cérrelation with both the fed control group (r = .60; p<0.05),
and the kwashiorkor cbntroL‘group (r =A@55, p<0.05j.

The means and'standard<deviations.on the;Bender‘ t.scores
(See Appendix III) afe shown for the four groups in Table'39;
The analysis is presented'ih Table 40{ ﬁo‘effects,wefe found
to .be significént. Inter—group coffelation coﬁefficientS‘
are shown in Table 41. The fed group correlated positivelyAwith
the,fed.controi group at a significantly high level (xr = .63,
p <0.05). ‘ |

“ Co—efficients of correlation for the Bender Gestalt Test

with other variables are shown' in Appehdix I1, Tables 66 to 73."

Significantly high positive correlations occurred with full~-

- scale intelligence score (r = .36, p<0.01), Verbal Score (r = .38,

.p<0.01), and Harris Drawving Score (r = ..50, p<0.0l). These

correlations did not occur in the fed group.

When the fed and .fed control group were combined the Bender

.Qestalt.Test showed significantly high positive correlations with

full-scale intelligence score (x =~.535,p<0.01),.7erba1 Score

(f = ..54, p<0.01), Non-Verbal score (r ='.43, p<0°O5),

Comprehension (r = .51,p<0.01), Arithmetic Problems (r = .61,

ps0.01), and Memory (r = .62, p<0.01).

These correlations did not occur in the fed group.
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i

TABLE 36: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON BENDER GESTALT TEST (PERCEPTUAL QUOTIENT)

Kwash Sib X Sib F Fed
Mean 71.2 62.5 - 65,7 63.5

sd 30.5 21.4 18.5 - 19.6

TABLE 37: ANQVA SUMMARY TABLE

One-Way Analysis with repeated measurements

Means for the four groups on Bender Gestalt
Test {(Perceptual Quotient)

. Sum of Mean . F
Source df .
‘ Squares Squares ratio
© ‘Between subjects 1 10596 11 963.3
Within subjects 13253 36 368.1
Bender Gestalt Test . ‘ E
(Perceptual Quotient) 530.5 ,3 183.5 NS
Residual 12702.5 33 384.9
{(error)

TABLE 38: CORRELATION COEFFICIENTS BETWEEN THE FOUR
GROUPS ON PERCEPTUAL QUOTIENT (BENDER GESTALT TEST)

(df 10)

Kwash Sib K Sib F  TFed

Kwash -

Sib K .13 -

Sib F 34 37 -

Fed -0 «55% L 60% -
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TABLE 39: MEANS AND STANDARD DEVIATIONS FOR THE FOUR
GROUPS ON BENDER GESTALT TEST (t' SCORES)

Kwash Sib K Sib F Fed

Mean | 29.7  28.2  18.7  17.6
sd 22.2  20.5  18.8 . 17.6

TABLE 40: ANOVA SUMMARY TABLE

One-Way Analysis with repeated measurements

Means on Bender Gestalt Test for the four groups

So ~ Sum of as Mean - F
urce Squares Squares ratio
Between subjects ‘ 8223.2 11 747.5
Within subjects 10516.7 36 292.1

Bender Gestalt TestA 1418.1 3 472.7 NS,

(t'=Score)
R%i;ggji 9098.7 33 275.7

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 o= ’
Sib ¥ .23 47 -
Fed 17 .51 Le3%x -

p'= 0.0S*
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HEIGHT

The height of each child expressed as percentage of normal
expected height for age is shown in Table 59 in Appendix T,
together with the age at which thé measurements were taken. Heights
were recorded at as near és»possible comparable ages within each
family at two points in time called mid-term an& present. Where
possible tﬁe'mid-term heights were taken within 2 years following
the termination of dietary suppleméntation. Early height in the
fed and fed control groups was recordedvapproximately half-way -
through the supplémentation program.

The means for the four groups on mid-term aﬁd present
height are shown in Table 42. The analysis of the data are °
presentéd in Table 43. Significant effecés on groubs,.measurements
and inter—action were found to be significant. Table 44lshows the
simple main effeéts. Multiple comparisons between means are shown
in Table 45 and Figure 6.

| The results indicate that the fed group chiidren,were signif—

icaﬁtly.taller than the members of the other three groups at mid—

 term stage. At present stage there was no significant difference in

height between the four groups, the kwashiorkor group and both. the

control groups having caﬁght*up with the fed group. The kwashiorkor

group and both control groups showed a significant increase in height

from mid-term to present stages.

Table 46 shows the mean heights in the fed and fed control

‘A groups at three developmental levels. The analysis of the data

is presented in Table 47. Significant group, stage of measurement,



TABLE 42:

MEANS FOR THE FOUR GRCUPS ON HEIGHT AT

MIDTERM AND PRESENT AGES (% normal for Age)

Kwash 8ib K Fed
Midterm| 82.5 81.9 90.3
Present | 90.4 90.5 90.5
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TABLE 43: .ANOVA SUMMARY TABLE
' Two-Way Analysis with repeated measurements
Means on height at midterm and present ages
for the four groups ' )
Source - Sum of af Mean ’ 'F'
. Squares Squares. . ratio
Between Subjects
Subj. within Groups 999.6 11
Within subjects
A: Group 196.8 3 65.6  5.4%%
B: Stages of 694.9 65.7%*%
Measurement 69&'8 1 91.8 7 5%*
Ax B 275.5 .3 12.3
943.4 77

B x subj. within Groups
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TABLE 44: ANOVA SIMPLE MATIN .&FI‘IZCT& ‘ON HEIGHT
SUMMARY TABLE
(Analysis taken from Table 43)
Source Sum ?f df Mean F.
Squares Squares . ratio
Group at midterm 465.9 3 155.3 12.7%%
Group at present 6.3 3 2.1 0.17
Kwash at stage meas'd 378.4 1 378.4 30.9%%
Sib K at stage meas'd 442.9 1 442.9 - 36.2%%
Sib F at stage meas'd 149.0 1 149.0 12.2%%
Fed at stage meas'd 0.03 1 0.03 .0.002
*%p< 0,01

TABLE 45: MULTIPLE COMPARISONS BETWEEN MEANS ON MIDTERM
) AND PRESENT HEIGHT
TUKEY HSD
(Data extended from Analysis Table 43)
Midterm |[Xwash SibAK Sib F Fed
Kwash - NS NS %
Sib K T - NS ®%
Sib F - *
Fed -
Present
Kwash - NS NS NS$
8ib X - 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 (% normal for ‘Age)

Early 86.2 91.8
" Midterm 84.7 90.3
Present 89.7 90.5

"TABLE 47: ANOVA SUMMARY TABLE

Two-Way Analysis with repeated measurements

Mean Early, Midterm and Present height for Fed
and Fed control. groups

S Sum of df Mean F
ource. ' Squares Squares - ratio
Between subjects
Subj. within Groups 552,1 10
Within subjects
A: Group 260.7 1 260.7  33.0%%%
B: Stage of Measurement | 68.6 2 34.3 4,3%
A x B 75.3 2 37.3 C4,.8%
B x subjs. within Groups| 394.7 50 7.9 '
*p<0.05

. %x%p<0.001
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TABLE 48: ANOVA STIMPLE MAIN EfFFECTS
SUMMARY TABLE

Mean Early, Midterm and Present height for Fed and
Fed control groups '

(Analysis taken from Table 47)

~ Sum of Mean F
Source df .
Squares Squares ratio
Group at Early stage 168.0 1 168.0 21.3%x
Group at Midterm 163.0 1 163.0 20, 7%%
Group at Present 4.9 1 4.9 0.6
Stage meas'd for Fed 13.2 2 6.6 0.8
_ Stage meas'd for Sib F| 130.8 2 65.4 8.3%

§p<0.05
*%p<0,01
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and inter-action effects were found. ANOVA simﬁlermain effects
are shown in Table 48. Multiple comparisons of the means

were computed and ?evealed significant differences between

the two groups at early and mid-term levels. The difference
between the groﬁps‘in height at présent.scage Qas not
significant.

The means for the féu; groups ét the selectéd developmeﬁta1
stages are sho%n graphically in Figure 6. The results suggest
that thé growth of the fed control child did not benefit
signifiéahtlytfrom any overflow of food from the fed child.

Correlation co—efficients between height at the three
developmentalklevelsAand other variables are shown in Tables
66 to 70 in Appendi# II. Mid-term height showed significantly
high positive correlations with: |

Mid-term weight (r = .77, p<0.0l),

§

-~ 1Index of Sibship (r = .38, p<0.05),
- Full scale intelligehce score ( r = .33 p<0.05),
- Noh~verba1'intelligence score (r = .39;*p<0.05).
Several significantly-high‘positife corfelations‘occurred
between height and weight which.are‘irrelevanf to the present
investigation.

In the fed control group only, significantiy high positive

correlations occurred between early height and verbal score
(r =..57, p<0.05), and between early height and full- scale

. intelligence score (r = .57, p<0.05). (Table 76, Appendix II).
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~ WEIGHT
The weight of each child (expressed as percentage of normal
expected weight for age) is shown ianable 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

family at two points in time called mid-term and present. Whenever

‘possible the mid-term weights were taken within 2 years following

the end'éf the.p:ogram of dietary supplementation. -In the fed and
fed éontrol groups, early,weight was recorded approximately half;way
through the supplementatién program, |

: Tbe means for the four groups on mid-term and present weight
are shown in Table 49. The analysis of the data are presented in
Table 50. Significant effects wére.found for both groups and
inter—action . ANOVA simple main effects are shown in Table 51. -

Multiple comparisons between means (Tukey HSD) were computed on

‘data extended from Table 50 and are shown in TéBle 52 and Figure 7.

The results indicate that whilst the fed group children

weighed significantly more at the end of the supplementary nutritional

program than the children of the other three groups, this advantage
was not maintained for long after supplementation of diet ceased.

The fed children are at present mot superior in weight to their

unfed siblings.

The mean weights in the fed and fed control groups at three
.developmental stages are éhown‘in Table 53. The analysis of data

is presented in Table 54. Significant group and inter—action

. effects were found. ANOVA simple main effects are shown in Table 55.
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TABLE 49: MEANS FOR THE FOUR GROUPS ON WEIGHT AT
‘MIDTERM AND PRESENT AGES (Znormal for Age)

Kwash Sib K Sib F Fed

Midterm| . 75.4 71.6  77.0 86.2
Present 76.5 75.3 78.2 ,78‘5

TABLE 50: ANOVA SUMMARY TABLE

Two—Way Analysis with repeated medsurements

Midterm and Present weights in the four groups

Source. Sum of df ‘ Mean F«
: Squares Squares ratio

Between subjects

Subjs. within Gfbups 5611.3 11

Within subjects

A: Group , 1011..8 3 337.3 6.0
B: Stage of measurement 5 1 ' 5 0.9 .

AxB 454.6 3 151.5 2.7%
B x subjs. within Grps.| 4291.5 33

55.7

- ¥%p<0.05
¢+ %*%p<0,01
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TABLE 51: ANOVA STMPLE MAIN EFFECTS ON WEIGHT
SUMMARY TABLE

(Analysis taken from Table 50)

g Sum of df Mean F.

ource Squares Squares ratio
Groups at Midterm 1386.6 3 462.2 8.3=%
Groups at Present 79.7 3 . 26.6 - 0.48
Kwash at stage meas'd 7.9 1 7.9 0.14
Sib K at stage meas'd 81.4 1 81.4 1.5
Sib F at stage meas'd 8.3 1 8.3 0.15
Fed at stage meas'd 361.9 1 361.9 6.5

*p<0.05.

TABLE 52: MULTIPLE COMPARISONS BETWEEN MEANS
ON MIDTERM AND PRESENT WEIGHT

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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Multiple comparisons of *he means were computed and showed
significant differences between the two groups at early (p<0.0l1) and

mid-term stages (p<0.01). 1In the fed group, present weight was

significantly lower than mid-term weight (p<0.01). 1In 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 immediate benefit from the dietary supplementation of the fed

child as long as the supplemenﬁation continued, but not sufficient
to allow him t§ catch-up to the fed child. (It should be noted
that all groups fall below the 3rd percentile at present);‘ The
means for the fou:.groups at the three developmental stages are
represented graphically in Figure 7.

Correlation co—efficients for the four groups on weight at
the three developmental stages are shown in Appendix I1I, Tables 66

to 70. Mid-term weight showed significantly high positive

‘correlations with:

i

~ Full scale intelligenée score (xr = .32, p<0.05),
~ Non-verbal intelligence score (r = .37, p<0.05),
~ Index of Sibship (r = .30, p<0.05).

Several significantly high‘positive'correlationsVeccurredV

. 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 (r = .64,

p<s0.01). (Table 76, Appendix II).
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TABLE 53: MEANS FOR FED AND FED~SIBLING GROUPS ON
WEIGHT AT THREE STAGES (7Znormal for Age)

Early 86.0 72.0
Midterm 85.7 17.4 .
Present 79.6 77.9

TABLE 54: ANOVA SUMMARY TABLE

Two-Way Analysis with repeated measurements

Mean Early, Midterm and Present weight for Fed.
and Fed-S$ibling groups

g Sums of if Mean F
ource Squares , Squares ratio
Between subjects
Subjs. 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
Ax B . 419.9 2 209.9 | 5.0%%
- B x subjs. within Grps. 210.5 50 42,2 ’ :

#%p<0.,01
*%%p<0,001



A st s TG b S et o A St

TABLE 55: ANOVA SIMPLE MAIN EFFECTS

SUMMARY TABLE

(Analysis taken from Table 54)

175,

Sum of Mean F
Source df .
. Squares Squares ratio
“Group at Early stage 1079.4 1 1079.4 25.6%%
Group at Midterm 383.1 1 383.1 9.1%
Group at Present 15.2 1 15.2 0.4
Stage meas'd for Fed 293.8 2 146.9 3.5
Stage meas'd for Sib F 230.8 2 115.4 . 2.7
*p<0.05
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DISCUSSION AND CONCLUSION
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DISCUSSIOHN AND £OHCLUSION

The results of this study confimm the centrai hypothesiss
the fed group waé signific&ntl? superior on full-scale intelli-
gence score to each of the othsr three groups (Table 10).
whilgt it is recognised thzt an ‘IQ“does not'descriﬁe everfthing
about en individual's intzllectusl or cognitive functioning, it
remains the most frequehtly,used campésite in@ex of the intellec~
tual stztus of én individusl or a group. Where individual, and
eepecially group differences are the subjeét of investigetion,
the assessment ofviﬁtelligence by the use of standsrd IQ tests
is the most ef?icient procedqre. The results show that ezrly
dietary supplementation significantly increased intelligence

test scores of children over and above that of their siblings

whose life~history had been characterised by chranic malnut rition

with or without an acute episode of nutritional discase (PCH).

The physical data on these childrén provide evidence of the fact

that the nutritional status of the fed children was significantly

~superior to thst of their siblings for at least the first 3 years

Cof life (Tables 48 end55 ). No significant difference in expected

weight cr height Fpr age occdrred between the child who succumbed

to acute PCHM when compared with his chronically malnourished',

siblings (Figures 6 and 7).

A more detailed discussion of the intelligence test scores -

is facilitsted by separaste consideration of each of the two

experimental groups compared with its own control group. fiean

intelligence scores for the fed group and their control group are
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shown gfephi;ally in Figure B. The difference b;tween the full-
scale intelligence score means was significantly high iﬁ favour
of the fed group. TheAdiffereﬁce'betmeen-the nesns on verbal
score did not quite reach statist@cal sigmifipance, but the tfend
shown suggests that this difference was ﬁearly so. Hoyever the
méén difference in non~vérbal score between thess twovgraups was

not significantly different (Tablelg ). This suggests that mal-

~nutrition easrly 'in infancy has its strongmst effect on verbal

rather thanknmn-verbal‘ékills, This finding is in éccordance

wifh the consistent results obtaihed by several other studies
since the observation was first made by Waterlow éﬁd co-workers in
1960 that, on ghe Gesell Scale melnourished children showed a
relativelyAgreater deficit on the language sub-gscale thasn on

the other sub-scales when 6omparad with normsl children (Wsterlow,

_Cravioto and Stephen, 1860). Both fed and fed control groups

received the same amount of environmental stimulastion coincidental

to the fecd-up program, and the same degree of medical care. The

non—significantAdif?erence between the tuwo éfoups in non-verbal
score can be attributed to this stimulstion which was cgmmoh to
both groups. However the fed Qroup was significantly superior
to its control group in early nutritional ststus (Figufes 6 and 7),
and the elevation of verbal sbore ih the fed group masy thus be |
attribufed to thé nutritional advantage.

When the kwashiorkor group is Eompared with its sibling control
group, no significant differences are noted bstween mean full~scele,
verbal, or non~Qerbal scores (Tables 10, 14 and 18). This indicates

that an episode of scute PCH had no particular detrimental effect



177

90
FED
80 -
\ Szgs ?Qﬁf
@ # Kkwash
70§~ S“Jmss-a

v NV FS
FIGURE 8§  Meay INTELLIGENCE SCORES




178
on the intellectusl functioning of a grouﬁ of chrsnically‘malw
nourished childien. That the garly hutritional staetus of these
two grouns of children was equivalent is deronstrated by the
percentage of expécted geight and height fér age shown imAFng?es
6 and 7. t shﬁuld be noﬁea that the kwashiorkor group and its
control group wore Coéparable in height and weight for age with
the sibling contmol gfogp of the fed chilcdren at mid-ferm age
level; the fed childrén differed significantly in weight and
height from eéch‘of the other three groups until sumektime after
terminatiém of supplementary feeding.

When the four groups of chilcdren cre compared with each othei‘5

1.

Figure 8 illustrates that each pair of experimental end control

E
2

onee

3
fowt

1ig

[
po)
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groups show 8 distinct trend in the pattern of their

scores. Because of the smell size of the sample, these differences

in trend must be considered as importent differences which may
s how highef statistical significant in largér sampleé of the napu-~
lations. Su aribrity of the fed group in mean full scale intel-
ligence scores over each of the other three grouns was'statisti;ally

significant on Scheffé multiple comparisons (Table 10). This. fing=

ing is in accordence with expectation, end can be attributed to the

significent supcriority of the fed group in early nutritional status

when cowmpared with the other three groups (Figures 6 and 7). The
non-verbal scores show a similar trend, but show relatively larger,

dif ferences between the fed control group compared with the kwashiorw

kor and kuasshiorkor control groups.
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The compérison 5? the means for the four groups on non-verbal -
intelligence score (Table 18) indicates thst the fed group wss
significantly higher than both the kwashiorkor group and the
kwashiorkor control group. The fed control group homever, was
also significantly supefior to the kwa‘shiorkcrvgmup.~ This
finding suggests that whilét nutriticnsl factors were important,

a sighificant contribution to the elevation oFkthe non-verbal
score was made by the general socisl improveméﬁf which coincided
with the dietary SUpplementatiom, together with improved medical’

care. It seems pleusible that both the fed group and its control

group were less frequently immobilised on account of illness and

infection than were the kwashiorkor and its control group. This

finding would lend some support to the suggestion thet loss of

leerning time! on account of chronic ill-hezlth makes a significent

contribution to the functional retasrdation of the chronically mzl-

nourished child. It should be noted that the mean weight of the

“fed control group increased significsntly during the feed-up period

(Figure 7), although 2t mid-term it remeined significantly below

that of the fed group. Thé findings suggezst that mﬁilsthincreasedv/

environmental stimulationrand improved socisl conditions brings

about é significent increase in mn-verbsl skills, esrly nutrition

appears‘to provice an added beneficial effect. ?%‘th
| A devistiaon in the trend of patterning of intelligenceAscofes

of the four groups on the verbsl séore was contfary to expectation.

In verbal intelligence sﬁore ﬁhe méans fﬁr the kwashiorkor group and

its control group took up an intermediate position betueen the>fed

group and its control group (Figure 8). The problsm posed was wﬁy



the trend fcr full-scasle and non-verbsl scales in which the kwyash-

iorkor and kweshiorkor control groups hed scored bzlow the fed
group and its control group, was not consistent also ﬁn the verbal
scele. Both in terms of the underlying postulates being examined,
and in terms of the results on full-scale znd ncn-verbal scale,
the fed-controlvgroup should be expected to score &t a Higher
rather than lower léVel when compared with the kwashiorkor and
kwashiorkor controcl groups. The poésibility that the high.verbal
score in the fed group is & reflection of an improved mothgr/child
reiationéﬁip from birtH wes considéred, hut the fact tHat verbal
score did not co:relate sighificantly with age of onset of stimuf
lation for the combined groups (Table 71), points against this
éxplanation. In the total sample-ﬁeight end weight st mid-term
and the arbitary food index showed significently high correlations
with both full—écale and non-verbal scores, but not with verbsl
score (Table 66). This suggested that the verhsl scores were in-
fluenced by some other factor. A significantly high‘pbsitive

correlation occurring in the ccmbined fed and fed control groups ?

- -

betwsen verlial score and the elapsed time between terminstion of
the supplementation progrem and testing suggested that a time fac-

tor may bé involved. In terms of this it could be préposed that

the verbzl score of the kwashiorkor group and its control group

had been.hoosted above that of the fed contrﬁl'group'by a rglatiue—
ly longer period of school experience.

Support for the argument that the mezsn Vérbal scores in the
kwashiorkor and kmashiorkor cbntroi groups were boosted by a longer

duration of school experience may be seen in their significantly
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higher mean age at the-time of testing (Table 5 ). The majority

of these childrén also had progressed beyond the'suh;standards

in schogl st the time'of't@stiﬁg, by which time also they had about
6 years of attendance at school. On the cther hand the majority

of children in the fed group and its control group were at sub-
standerd school lavel st the'time of tésting, snd had Dnly 2 years
of scholastic experience ét the timeVo? teating.' It shoulg be |
stressed that the severity of ﬁeprivation by Western étandards in
this population is such that even minimzl school sttendance re-
presents'major cognitive stimulation. The pawer of school attend-

ance is thus relatively fer greater in this sample as énvironmental

stimulation then it is for the average middle classs 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 tenm-yesr follow-up, children

with an earlier onset 'of kwashiorkor and their sibling controls

. showed significantly higher verbal and full-scale intslligence

scores when compared with late~onset kwashiorkor subjects and their
siblings. (The differences held for both the subjects and their

sibling cohttols). In the present study the kwashiorkor group wes

-2 predominantly 'late-onset' sample: the esrly-onset sample in the

previous sthy achieved & verbsl level even higher then that of the
present fed gfaup.» It seens appa:ént that the intervention of active
rehebilitaticn of even rudimentary proportiehs nay pfomote an ap-
preciable cempeﬁsatory effect. The implicstion appesrs to be that
early adversity of short duratipﬁ wag more suCcessfully over;omé

than prolonged (later) adversity. The present results suggest that 7
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the vérbal deficit in the kwashiorkor group and‘'its control group
has at lescst partially been compensated for by 6 years of schoﬁlingo
If this 'catch-up! phenomenon is operating, it is anficipated.that
the fed control group (which at present ranks lowest on verba;
score) will prbgress to st least the level of the kwashiorkor ;nd
kwashiorkor control groups. On this bzasis it also seems reascnable
to assume that the difference between fhé fed group and the fea.
control‘groub might haQe beer gfeater st an earlier age than at

present. Alternatively, the fed group may maintain its advantege,

v,and_these,proposals will need to ke re-tested in about 3 years

time.

A review by Clarke (1958) and the observations of Kagaﬁ
(1972) have demonstrated that the éffects_qf-stimulus deprivation
and restriction in infancy are by no means permanent or immutable.
The effects of esrly experience, positive or negative, will fade
unless théy are.feinforced._ In a recent preliminzary report.of en
on-going study of rshsbilitation qf malnourished children in 8eirut,
a relatively stimulating environment increased the QQ'of children

compared with those rehsbiliteted in a conventional hospital en-

‘vironment (Yaktin and ficLaren, 1970; 1971). Of all the sub-scales

measurcd the least improvement occurred in spéech and language
functions{ The gains however were not méinteined after the children
returned to their usuzl home environment. These findings are par=-
ticularly relevant to the present study because df tﬁe reversalvof
the independent variebles in the Beirut study both grogps recelived
equivalent nutriticnal reﬁabilifation but omly the experimental

was egposed to additiqnal environmentsl stimulation. In contrest
the fed and fed control groups in the present stuéy receivedlequi—

valent environmentsl stimulcotion but only the experimental group
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recelved additional nutritionsl supplementation. The Beirut

results confirm our findings in thaf in both studies enviroﬁmental
stimulotion elevatad the non-verbsl scores. The relative lack of
speech and language in the Beirut study contrasts sharply with the
mark verbel elevation in the present study. If we discount the
nutritional factor, the circuhstantial evidence suggests that =arly
stimulation and medical bare have a beneficiasl effect on non-uarbal
functions, whereas latér.stimulation has 2 more selectively positive
effect on verbal funbtiqns.

In Contradictioﬁ it could be argued that the fed group's.
increment in verbal score is due to s closer mother/child intér~
action at an eérliér age. .Be this as it may , it is also reeson-
ably likely that this improved pelationship was determined at least
in part by the child. As Rutter and co-authors: (1964) point out,
environmentsl influences afe to some extent shapsd and modified

by the child. The mothers frequently commented during the feeding

_program on the differences in alertness and brightness.between the

fed infant_and'their'other childreﬁ. Even allowing for substantial
Hawthdrne effect and the possibility of the mother feeding back the
appropriate éxpéctations to the investigator it seems reasonable
to postulate that the fed child was less disabled by apafhy, and
therefore more able to contribute to the moﬁhgr/child feed~back
cycle. Even if thecbserved improvesenti in vcrbal scores is accbun-
ted for on a bcsis,ofvstimulation or szcondery interpersonal goins,
this was still partly dependent on nutritionsl improvemént, énd
the benefits cén therefore be qttributed to nutritiohal factors

indirectly, if not directly.



As an alternative it could be suggested thai the non-verbel
and, mora especislly, the vertzl scores of the fed control group
have undergone a more rapid 'fading! process than in the fed group.

Again, however, it would seem to be a. reascnable assumption that

‘better nutrition in the fed aroup promsted & stebilising effect.

Whatever the interpretation, it seems clear that the children of

the fed group gained an eppreciable 'head-start! over their under-

nourished siblings.

Significantly high positive correlations in a motrix combin-
ing the Fed thQQ and the sibling cbntrol aroup (Table 71) bstween
an arbitrgry food index essigned to eaéh group and the score attain-
ed by each child on the Vocsbulsry aﬁd Pattern Completion sub-tests,
and almost significant Comprehengion and Verbal Reasoning sub-tests,
suggest that conteptual réasonihg and learning {Lsvel II) as opposed-

to assoccistive leerning (Level 1) mav indeed be relsted to nutrition-

al factors. Thié would suggest that nutrition plays e role-in

-Jensen's finding that these two levels of functioning are relsted

to socio~-economic status rathér than to genetic factors. That
nutritionegl factors may be important in determining functioﬁal
Levels I and II has importent rele&ance to Jensen's belief that
different neurél'strﬁctureé underly ﬁhese two di fferent functional
levels. Perhaps the full significancé of nutritional factors hass
been overlooked by Jensen.

In spite of the qualitativé functional differences desdribed
in termé of these two leuels, in thé present study no significant
inter~group gifferences were found iﬁ degree of sub-test scatter,

to be the most reliable index of 'brain damage' (Table 28),



The abzence of a significantly high‘sub~test scatter (as indicated

by standsrd deviation of sub-test scores) in eny of the four groups,
together with the findings thet the four groups did not differ

significantly on the Bender Gestalt Test indicstes that the ob-

served intelliqence score differences does not support 'Brain

damage! as the underlying factor in these differences. However
a high standard devistion on Bender Gestalt tost scoresAin the
k@ashiorkor grdup mﬁst be noted (Table 36), suggesting a higher
veriability in perceptual motor functioning within this group-
when compafad with'tﬁe other three groups, in spite of the féct
that this group had a signifiéantly higher mean aée.

The applibation of the traditional verbal/non-verbal dichdtomy
to the sample of children used in this study is probabiy of limited
validity and reliability. A number of the sub-tests included in
the NSAIS ére unsuitable in concent for this socio-cultural popu-

lation, and their use was therefore inappropriste. It was decided

"howsver not to omit thes more culturc-bound tests. The .applicaticn

of these tests to this group was justified, firstly, in orcer to.

allow for comperison of the rasulﬁs with those cbtained by Stéch\

and Sﬁythe (1968) on a different samﬁle'of undernourished and con-
trol children end secondly, so as not to interfere with the ipter-
nal structufe of the Scele. The mean differencesrbetwean the
groups on gach sub-test (Table 27) incdicate that the $ore depens=
dent a sub-test is ‘on socio-culturel or scholastic éxpériénce,

the less it discriminztes betméen the four proups. Thus equivslent

scores with neo significent inter-group differences were found on

Arithmetic, Memory, Absurdities, end Fors Board sub-tests.
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Jensen {1969) observed cifferences in lezrning snd problsm solving
ability in children relsted to socio-economic status., On tests
b

involving associctive leerning ability (Level 1), children from

low and micddle- socio-cconcmic groups perform equally well, and

performance is independent of IQ. However in taeks involving

QQQ_B&EQ_WJ_.- learning and problem-solving ability (Level II), large
social clzss differences show ups the childyren 5? middle soCioe
conomic grouﬁ show a sighificantly higher level of performance;
Bearing this in mind it is striking thet the fed group in this
Study shoyed significantly'higher scores on 2ll of the sub~tests
involving conceptusl learqiﬂg or prablem-golving ebility when
corparved with its control group, viz. Uocabula:y; Verbal Reason~
ing snd Pettern Completion. Figure'Q presents the meéns for the
four groupz on the nine HNSAIS sub;tests shen placed.in rank order
accsrding‘tm the degree of abstrsction required. The tendency is
also preseﬁt in‘éhe Comprezhension sub-test which is lesé aﬁstract‘
anﬁ'mare concrete then the Verbal Reasoning and Pattern Completion
sub-tests. The Pattern Complstion sub~tes£ was the only non-verbal
sub~test which discriminat-d between fed and control groups: it is
tﬁe anly non-verbal sub~£est in which the'child is required to con-
tribute somathing which he is not giveq. Availability of cues is
reduced and it therefore differs considerably in the degree of ab-

straction reguired from the Block Design sub-test in which all the

elements required for the correct solution are provided in concrete

form, and have only to bé menipulsted correctly. The same applies

187

to the Form Board sub-test which, in sddition includes a temperement

factor on an inhibition-impulsiversss continuum. On this sub-test
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the fed group and both the sibling control groups performed at a
comparable level sc thzat the kwashiarksr’group‘s perfbrméncevwas
significantly lower. The kwashiérkar control group had an inter~
mediate positicn, end the trend in this sub-tsst parsllels that
found for the totsl non-verbal sceres (Figures & and 9}9 AR study
by Pedersen and lender (cuoted by Kagen, 1970) demonstirated that a
child's performance on the Block Design, Picture Completion, and
flaze sub-tests of the WISC was :elated‘to his esrlier socisl be-
haviour on four clusters:-~ physiceal cbntact with adults, sesking
at£ention Trom adulte, orazl behaviour, and sustained involvement
in a play sequence with objects. Children who Sought physical
contact and attention cid poorly on the éerformance tests, uhile
the childfen who'displayed susteined involvement with the toys did
well on the performance gests. Children QhoAsought shysical contact
were more likely to use relstionsl) (i.e. Level I, associestive) cone

cepts of a sorting test, whereas the subjects who became more in-

" ovolved in pla? showed a preferred use of categorical (i.e, Level II,

conceptual) concepts. In the preseht study the Block Design sub-test
also reflects a pattern of the means for the total\non—vérbal 8COTres;
thé fed group differed significantly from both the kwzshiorkor group
and the kwashisrkmr'cohtrol group, end the two-co&trol gfoups showy-
ed an almost significant difference (Table 27 ).

A_reﬁort on a study of malnutrition and reasﬁning ability in
Zambian school-chi;dren‘has just come to hand (fisher et'al., 1972).
The achors compargd the perfarmance of 74 children who bhad been
malnourished during 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 asuthors do not provide sny statisticzl anzslysis,
their graphs show clesr-cut differences besiween the two groups
on both tests. It appears from the graphs that the differsnces

only become apparent after the age of 12 - 13 years, a finding

which probasbly cen be explsirmed by the ontogenetic deveiopmenfal

sequence of reasoning ability from concrete (Level I) to sbstract
(Level II). The results of this study on Zsmbian children to-
gether with thes results of the present study on Cape Coloured

childran are in accordance with witkop‘s-(1967) expectation that

the type of intellectual retsrdation found in melnourished chil-

dren may have specific identifiasble features similer to the mental
retardstion resulting fram.pheﬁylketonurié and histidinemia,‘aad
suggests & promising avenue for new research as well s re-znalysis
of previous findings.

The analysis of the sub-test‘sccres in the presant study in

terms of abstract versus associative functicns belps to interprete

“the apparent inconsistencies in the sub-gcele scores whan it is

recognised that abstract-conceptusl functions contribute far more

strengly to the so-called ‘'verbzl! score than t> the 'noh—ver@alf

.SCOTE.

The lack of significant differences between the four groups

o mean Harris drewing score suggests that the differences between

_the four groups in intellectusl functicning is a guasntitative rather .

than a qualitative one. Both corrslation drawing scores occurred
betwesn the fed control group and the other three groups, and this

finding combined with the finding thet in the fed control grouslﬁhe

Harris score did not correlate at & significantly high level with
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verbal and non-verbal intelligence scores suggests a possibility
that this group could show a grester degree of emotional disture

bance than the other three groups. However this.ppstulate is not

borne out by the rstings of ffechover conflict indicatbrs, the

means of which showed no significant differences for the four

groups. These findings are contrary to those found in the previous

study in which a significantly lower Harris score in the kwashior-

kor Qroup was associsted with a grester degree of emotionéi inter-
ference in,cogniéive functioning in the kwashiorkor'groﬁp ﬁompared
with its sibling control group.

The findings on fhe BenderJGestalt and Herris Draming Tests
are in agreement with Dobbing's (1572, lQ?Za))aSSertioﬁ that the

effects of melnutrition during the vulnerable'ﬁefiod of brain growth

~are qualitstively different from the results of tissue destruction

or of the focal brein lesions femiliar to the paedietric neurclogist.
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CONCLUSTON

The results of this study hsve extended from the results of the

previous study on the effect of malnutrition on intellectusl devel-

‘opment in the Cape Coloured population. By combining these studies

greeter clarity of interpretation of the findings of both hes beeﬁ
achievad. Ths resﬁlts cen also be meaningfully related to work

in othsr parts of’the world deeling with the development of intei~
ligence and specifically with the influence of thritionalAend‘
other environmental veriables on intellectual deu;lopment.

The resulls indicste that malnutrition ﬁ;s a'sigﬁificant g/
detriméntal effect on intellectual development. There appears to
be a specific effect on theemergence of higher order, abstract»
conceptuel learning and reasoning processes in contrast to lower
order, associative processes. It is possible that functiornal
alterastions in biochemicsl or enzymatic processes mey provide the
medicting link ﬁetween the nutritional deprivation znd the cogni-
tive defici®. Although the effect of eérlybenvironmenhal'stimu—
latiﬁn on intellectual development cannot be excluded in this study,

the results indicate thet nutrition per sg hss a significant effect

on intellectusl development. [ledicsl supervision and social super-

vision however are also important factors, the effect of which was
amplified by improved nutrition. It ssems reasonable to conclude
that adeguate nutrition during the first two yesrs of life enabled

the children in this study to fulfil to s grester degree the func-

tignal intellsctusl developmental level set by their genetic endow-

mentf‘ Although the adverse effects of éarly nutritional deprivation
tended to be at lesst partially compensated for in time, and school

experisnce promoted some 'catch-up' in intellectual development,
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the chronicelly melnourished children remsined inferior to their

O

fod siblings at the zge of testingj this, in spite of the fact

that subszquent poor nutrition s csused the fed children to lose

their substantial early gein in physical development. The intellec-
tual 'head-start! given them by adecuate eszrly nutrition has been
maintzined, even though they are at present no different physically

from their siblings.

Aw
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TABLE 57

INDEX OF SIBSHIP

Fam. No. KWASH S18 S1B FED
1 -9 -7 -1 +3
2 -1 -3 +9 +11

.3 +4 +2 +16 +18
4 e/ -6 +6 +8
5 -4 ¢ =2 +2 +4
6 -6 -4 +2 +4
7 +1 +3 +5 +7
8 -3 -5 +1 : +3
9 -2 0 +4 ; +6
10 -1 +1 +7 49
11 +3 +5 +9 {41l
12 +5 +7 +13 L 415
13 -3 L 1 L 40
14 " -5 -7 - § +3




TABLE 58

INCOmME

(% Poverty Datum Line)

1964

By e

T RO A L T S T P

Fam. No. 1959 1969
1 0 65 3 65
2 49 26 ; 54
3 51 75 106
4 40 35. 110
5 32 33 48
6 101 ; 0 55"
7 53 ? 66 : 53
8 144 ; 52 : 57
9 110 : 92 : 92

10 % 47 54 139
11 82 ? 69 79
12 33 § 49 ; 71
13 66 g 112 t 233
14 i S8 i 83 ; 57

PB4 . 583 {  TB88.5




TABLE £9

PHYSICAL DATA

PRESENT

EARLY M10-TERM

ggm. AGE | wHT HT AGE, WHT  HT AGE WHT  HT

ot mos {5, EN % ER oSt % OEN 1 % EN nosts% N 4% £
1t K - 27 69.8] 82.8 187 | 85.1 | 92.0
5 : 27 69.8] 77.9 172 { 63.2 | 83.7
s | 27 73.5 | 82.8 37 73.5! 82.8 156 | 81.8 { 20.5
F | 26 92.1 | 84.4 26 92.11 84.% 115 | 66.6 | 91.8
2 K 33 94.6] 82.6 16271 53,6 | 92.0
5 32 93.7] 79.2 201 { 20.5 | 95.3
S | 15 76.3 | 8.7 .3 77.8 86.4 136 | 88.2 | 95.7
£.1.10 98.9_1 95,0 31 17101.81 94,6 120 1 87.4 | 33.1
: 3 K 55 67.0] B0.4 206§ 78.3 | 90.3
~ S 55 71.6! B80.5 162 | BO.O { 92.2
; 5 | 23 73.0 | 87.0 50 |  BO.4! 89.3 115 | 76.5 | 98.5
f F_l 23 76.5 | 89,2 59 79,55 89,7 101 4 71.7.% 8R.7
: 4 K 66 46.0] 68.9 224 } 59.0 | 83.0
i S 66 50.0) 75.5 172 § 44.1 | 77:1
% 51 29 68.5 | 79.9 57 70.4% 81.0 120 § 61.3 | 82.3
‘ F | 22 71,1 | B86.0 60 €5.0f 79,1 99 62.6 | 92.3
5 K 39 86.7: 82.9 189 | 87.7 | 90.5
S _ 38 65.21 79,5 177 § 76.9 | 24.9
s | 19 57.9 { 79.2 40 | 68.1%1 83.6 118§ 73.1 | 97.0
: FiI 24 96.2 | 94.2 39 93,01 95.3 102§ 78.9 | 94.8
; 6 K 38 735.4% B7.5 189 | 66,3 | 808.8
j 5 44 | 62.7{ 80.2 170 | 65.7 | 68.2
g s 4 21 68.4 { 80.3 i 33 84.8{ B6.8 1281 74.9 | 91.1
: F i 12 85.0 | 98.9 36 9%.0; 95.2 1171 89.2 | 96.3
; 7 O 43 | 30.7% 85.3 170 8l.4 | 92.9
; 5 46 73.01 89.0 155 1 79.7 | 95.0
‘ S| 24 5.4 | 85.5 37 72.0% 83.3 129 ¢ 81.8° | 89.7
F i1 25 83.2 | 90.5 42 84.2% 91,1 104t 3.8 1 80.0
: 8 K ‘ 44 95.71 93.0 183 ¢ Bl.1 { 4.3
: S . 44§ 75.01 83.1 211 1 75.9 | 83.4
§1 25 80.5 | 90.5 48 81.8% 83.6 1324 Bl.4 | 91.2
Fi 29 94,8 1 91.3 46 59.6 1 91,4 108 ! 90.7 | 93.2
9 K 56 | 63.5! 84.6 198§ 73.8 | 90.7
' S : B8 | 71.51i 33.2 172 § 88.3 | 92.5
51| 27 70.4 | 83.8 55 71.6§ 83.4 125§ 71.2 | 87.0
, £.1. 29 82.9 1 97.8 44 83,7 91,2 1072 84,8 1 94,2
3 10 K 34 7 77.11% 83.3 188§ 61.6 | 82.4
] 5 35 78.7 3 88.0 162 § 82.3 | 91.7
| 5| 16 82.6 | 89.4 34 B3.3 | 89.2 1271 83,8 93,7
| Fi 27 | 78.2 | 91.0 35 78:1 1% 87.9 103 1 76.2 | @9.8
| 11 K 23 76.2 ¢ 83.9 184 { 80.1 | 9Z2.3
| S 23 | 79.0§ 85.1 162 & 80.4 | 98.2
| §1 16 4.4 | 85.9 23 51.1 | 80.5 1214 81.4- | 86.1
| Fi1.20 91.8 1 90.5 20 § 91.81{90.5 99 | 93.3 t9l,s
i i K 41 ] 63.4 f74.5 185 { 69.4 | £7.7
§ s 39 69.5 §81.6 154 { 76.9 |} 88.9
f s1 13 7.0 | BB.3 42 79.7 i 85.4 119 1 73.2 | 86.2
: , Fi 15 §7.9 | 89.4 43 83.1 §87.4 107 § 66.8 1 82.0
! 13 K 34 78.6 {81.3 i85 1 74.4 | 89.2

S s P - - R - — -
5] 31 B2.4 § 89.2 31 82.4 189.2 148 § 86.6 |94.6
; Fi 27 1114.3 1 92.9 27 1114.3 192.9 102 % 81,7 187.0
| 14 Kt 41 ' 41 62.1 :75.8 177 1 77.3 186.3
| 5 41 97.8 198.4 153 | 94.0 198.5

[ S - - - - - - - - -
; F 42 95.8 {88.5 110 F 77.9 1 86.6

‘ re




TABLE 60

INTELLIGENCE SCORES

{NSAIS -~ 1Q) |

fﬁ%: VERBAL 1Q NON-VERBAL 13 FULL SCALE I3
K SK SF F K SK SF F < K SK SF F
: 1 i

1 58 61 71 93 55 65 8l 92; . 52 - 61 73 92

2 P75 76 65 81 72 88 78 85, 71 80 66 8l

3 0 8 72 71 @9 65 71 83 eal i 76 68 74 88
4 ! 64 B4 61 54 71 63 58 71i i 63 86 55 57
5 72 7% 51 68 76 65 80 71° © 71 67 60 66
6 ;.52 8 57 86 .. 67 76 €1 94! , 54 77 64 88
7 {7575 67 85 | . 64 76 S0 88i 67 73 B9 85
8. . 74 82 91 95 . ! 76 78 85 95! 72 78 87 95

g ! 91 82 72 82 ' 80 80 87 95, . 84 79 76 87
10 ! 110 116 102 99 | {90 90106 102 102 105 104 101
11 | 60 47 67 60 ; 1 69 57 69 72 60 46 64 61
12 L7179 74 82 . ;71 74 78 83 68 74 73 381
13 | 62 =~ 69 86 | {74 - 72 97! 64 -~ 68 90
4 | 69 57 - 76 § 76 60 - ,Blé 69 54 . - 76

I : .
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TABLE 61
NSAIS SUB-TESTS

ot kot Ao s w o E

. . DD NI D W ) 0 NG MM S NN D
bum.ﬂ::m ¥ e # s e« * 8 e & = . 5 e ¢ e v e # e v & v e « e ¢ 3
o NN NN M NN NN N NN H NN NN AN N A
(48 WHod OO N OO ge~ ™~ A DO NTO NG AT~ g
o , — - — - e
T {dnsey MO OO DO O T R 8943,45555m463_
852019 : = . A
DO OO G L AOO0 O O OO DO DN |
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TABLE &1

continued

MSAIS SUB-TESTS

~ NN N MIOOh Ly O~ B AR TS B0 e B i v I o B S ¢ U I I o
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cQuYd *HLIINY <R NSO ‘QBéQBQ 56N2?B8.59H17.5
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TABLE 62

HARRIS DRAWING TES

. ) ~ ‘ _ —
flan Scale K SK , 5F E F g Yomen Scale K | BK SF § £ Total Scorel K SK g 5F ¢ F
! : H 3 H :
1 70 | 75 | 75 | 8o 1 82 | 73 1 70 | 76 1 76 | 74 ¢ 73 078
2 63 | 97 | 87 5 99 2 65 | 96 | 90} 97 2 64 | 97 {89 98
3 76 173 {82 | 8l 3 77 | 78 84 76 3 77 | 79 ;8 79
4 64 |93 | 50 | 63 4 62 | 96 | 49} 57 4 63 | 95 ; 50 © 60
5 81 1 62 | 73 65 5 85 | 62 65 i 69 5 83 | 62 : 69 = 67
6 60 | 68 | 67 (100 6 67 | 66 70 1101 6 64 | 67 | 69 101
7 58 | 77 ! 58 %63 7 68 | 60 | 69! 86 7 63 | 79t 64 75
8. 117 104 | 72 100 8 114 {105 871 89 8 116 {105 | 80 95
9 83 96 | 74 , 72 9 83 | 90 721 82 9 83 | 93 . 73 77
! 10 105 102 . 84 | 95 | 10 94 1102 B5{ 96 10 ;100 102 | 85 96
11 81 57 ' 81 | 69 | 11 85 | 51 801 70 11 83 154 ;81 70
; 12 100 98 186 ' 75 | 12 107 {97 | 84| 76 12 104 |98 {85 " 76
g 13 7% - 70 82 | 13 93 | - 721 87 13 84 .- 71 85
g 14 67 67 i - i 78 | 14 8L [ 62 | - | B84 14 7% ;65 - 8l
: : . , ! ' i '




1968

HARRIS DRAWING.

TABLE 63

TOTAL SCORES

1973

[T S

(= B o BESG BEw ) S 03 SR =R GR B N, 9

PR e ——

73
82
66
80

76
85

108

82

72

e

s e s ey

78
82
78
78

91
93
106

78

71

BN 2 kP D AR

O R S P AR TR L A N

R

64
77
63

83

117

- 83

100

104

74

vy,

a7 |

79
D5
62

. 104

93
102

98 -

65




TABLE 64

PACHOVER RATING

DRAW-A~PERSON

CONFLICT IMDICATORS

OO i NN HOH O

Lottt s A W ks e e kR % e —

QOO AN~ OCND -~

e OO e Rl NO O NOOO 5

e b T B e g MG AR o 0\ S sammARpet e AR S

Crdedmrci~{ OO OA0~AQ

N TS DO N
SO S R
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' TABLE 65
|
g BENDER GESTALT TEST
| RA#l SEORES
{
f KWASH 518 SIB FED
| Q. 5 5 S S
; 1 6 8 5 7
| 2 11 2 4 g
; 3 1 6 8 12
4 4 6 0 13 16
'; 5 1. 7 14 20
6 7 z 11 9
; 7 4 6 9 g
1 8 0 0 1 1
?, 9 0 1 8 5
; 10 0 g 2 1 11
‘ 11 1 ? 6 8 18
f. 12 4 I 2 3 3
( 13 1 | 4 - 5
14 1 ! 0 - 13




ORI P )

e n? e

CORRELATICN MATRICES




CORRELATION MATRIX

. 68%%%

TABLE 66:
ALL GROUPS COMBINED
(df 52)
= ) =
. s | 4| &8 B | B E | E
é ,_J%ESH"’U’
- o < & ] tH = & 2 ﬁ
B o = & © A F 7 P ¥ g
= = o =8 & -4 = = = & "
©v -+« 1 = P o o~ S N«
4 » = = g = = S < 8
- e MW | o | m
5] - | B | ¢ | 2|3 |8 | B 8|8 |¢
SIBSHIP INDEX | -
F.S. IQ § . 29% -
VERBAL 1Q P22 96xEE -
NON-VERBAL IQ . .37#%  88*#% ,72&%xx - -
BENDER GESTALT . ~.20  .36%% ,38#%% 21 -
HARRIS DRAWING '@ .04 L54%% 50%%  47%%  50%% -
WEIGHT-MIDTERM  ,30%  ,32% 25 37% 04 .18 -
HEIGHT-MIDTERM = .38*%  ,33% 27 L39%% —,00 .16 JT7EERR —
WEIGHT-PRESENT = .09 .19 .16 .18 .05 14 L6lEx | 52%% -
HEIGHT-PRESENT . -.06 .00 -.00 00  -.07 04 JLO*F 50%% 82%kd% -
FOOD INDEX L35%% 22 55%% =22 =03 46%*% ,51%% 08 ~.12 -

|

%

*
E

|

i
P<_O.5f
P<0.01§‘
|

f,;



TABLE 67:; CORRELATION MATRIX

‘KWASHIORKOR GROUP

0.65,

(@f 12)
| i
s | E |8 B | B |2 8|8
- =3 [£a] =] jeal ~ = <G
2 B |8 | B |8 s |2 |8
1 E 8 | & | &8 g | & |8
= - T T T L P
Y = o fan] o E . - 2
@ P = S 2 2 2 5 & 2
S| B |8 | 8 B | B 8 | B & &
E'S' IQ -
IVERBAL IQ . 96** -
INON-VERBAL IQ .82%% 5% -
WEIGHT-MIDTERM .09 .08 .06 -
\WE IGHT ~PRESENT -.23  -.16 -.35 = .66%x -
([HEIGHT-MIDTERM | .09  .09. .05  .77%% .39 -
{HEIGHT-PRESENT |-.32 =.26 =-.36  .66%% ,83%% Q% - ,
MULT. SOC. INDEX| .42 33 .54% ~.13  ~-,23 .20 -.23 -
(HARRTS DRAWING | .43 .36 .47 .20 ~-.11 .30 .05 .20 -
lBENDER GESTALT 54% .47 L57% 11 10 0 .27 .12 J71%% 55% -
= 0.46, P = 0.10
= 0.53, P = 0.05%
= P = 0.01%%




TABLE 68: CORRELATION MATRIX
KWASHIORKOR CONTROL GROUP
@df 11)
. H
: : ] i
£ ‘ = o IR
o E o 5 E g = 1 :
=3 =3 [ 5} = - = <4 i
491 8§18 | 81|38 ¢3! &
= = = & = A 3 a 8
Tl Bl LA ETE T e s
=i B v oo oo =1 . - 2
o ol & = = & = g g
O o = 8 %] :
Iy (N = = B H & 5 /|
F.S. 1IQ -
VERBAL 1Q .98%% -
NON-VERBAL IQ L9lx%x ,82%% - |
WEIGHT-MIDTERM .07 .04 .08 - ;
WEIGHT~PRESENT .24 .25 .16 W 85%% -
HEIGHT-MIDTERM .00 ,07 -.16 L67%% (5% . - .

“JHE IGHT-PRESENT .00 o4 =012 .75 .89 L65%Y - - |
MULT. SOC. INDEX! .21 .27 .07 .31 A 43 .32 - oo
HARRIS DRAWING LB5%% 57% [ 77%% - 06 ~-,05 ~.,20 ~.41 ~-.05 -

BENDER GESTALT <29 .26 .34 .10 .01 21 -.25 - .31 S59% -
P =0.10
P = 0.05%"
P = 0.01%%



TABLE 69: CORRELATION MATRIX

FED GRCUP
(df 12)
>
B = a <) =
o Z B & = = = 2
i =1 ] =] =] i~ =
P O - - - - R A T
=4 = = 2y G - 8 a &
o I - O O T S
o s =5 2 . ey -
s| 21 Ey 80 &8 8| &) 5| B &8
B S 2 2 | 8 2 g = &)
FOS. IQ -
VERBAL IQ L98%k% -
NON-VERBAL IQ L96%%  ,90%%x -
WEIGHT-MIDTERM .20 .19 21 -
WEIGHT~PRESENT .0 O .16 53% -
HEIGHT-MIDTERM .23 24 .21 TR E R L
HE IGHT~PRESENT W11 .09 .15 .26 JB2%% . 82%% -
MULT. SOC. INDEX] .33 .23 47 .29 40 .21 .27 -
HARRTS DRAWING J73%% 0 (71k% 73%% 40 - L,51 .50 .43 260 -
r = 0,46, P = 0.10
r=0.53, P = 0.05%
r= 0.65 P = 0.01%x




TABLE 70: CORRELATION MATRIX

FED CONTROL GROUP

@£ 11)
=
=l gl glzlg| 2! g2l g
Sy H; 48 &1 A1 81 4
a8 8. 8 i B o P 4
Jle 8 8 8 88 g B 8
T E LRl ELELDE B o 8 &
) &gl Bl Bl B Bl E]E &
..... w ] B s | B = 2 = % =
F.S. IQ -
VERBAL IQ . 95%% -
NON-VERBAL IQ \87%% 68%%x -
WEIGHT-MIDTERM a4 47 .29 -
WEIGHT-PRESENT HERE (2% S57% J55% - .
HEIGHT~MIDTERM W45 .32 .50 ,59* .43 -
HETGHT~PRESENT <34 .16 50 31 75%%  L60% -
MULT. SOC. INDEX <39 .34 .36 .36 .27 0 .38 24 -
HARRIS DRAWING 56% 49 .54 W56% 63% A7 ,44 .16 L -
BENDER GESTALT L79%%  _B4%% 53 .53 .59% 40 .27 .08 .B1l% -
r =0,48, P = 0.10
T = 0.55, P = 0.05%
T = 0,66, P = 0.01%%




TABLE 71:

CORRELATION COEFFICIENTS

FED GROUP AND FED CONTROL GROUP COMBINED

(@f_24)
o .
" H'- . g %VE S
| T B L L BB Ll Bl L] L] L8 SN
. 2 »? . g - [ ) ‘g 7 ) i3 a ?~ g g 22 E %i Q' »% g .
n = g2l Sl m ) o ml o mt 8l e Ol = ] e = E ] 2O @
‘| 8|5 8| % 8 £ g 8|88 23 E| 8|8 & 5|8 |5/3 8¢
F.S. IQ -
VERB. IQ L97%k% -
NON-VERB.IQ .93%% .81#% -
BENDER L53%% [ 54%%  43% -
HARRIS J68%% 4% _66% 37 -
AGE TEST .12 -.14 =-,08 .00 =-.0l - i _ 8‘23’ § _ g‘é2*
DUR. FED 18 .12 .24 .19 .52 .36 - r = 0.50. P = 0.0l%%
INCOME .35 .31 .37 .10 .16 -.44% =31 - T ) _
AGE START |~.28 =,28 =.23 =.12 =-.,18 .94%*% ,12 -, 40% - ; .
AGE STOP ~ .30 =.32 ~=.24 =.13 .01  .90%% ,53%%=~ 45%  84*k* -
AGE(T-S) | .42% .42%x .38 .30 =.07 .20 =.40% .03 .21 ~-.24 -
FOOD IND. | .36 .38 .29 .09 .26 =.76%% ,03 .41 ~,89%%- 68%*%— 16 -
%(NV-V) -.45% -, 65%% -, 08 -.36 =-.23 .13 .11 -.04 .18 .23 =~.23 ~-.26 -
VOCAB. : : .27 JB54%%=.09 .05 .35 ~.23 ~-.26 .38  .40% -.43% -
COMER. JS5L%% [52%%-.05 17 .20 ~.22 ~-.20 .34 .38 ~.45% | [77%% - ,
VB.REASON .33 .54%*=.18  .48% .33 -,30 =-.27 .21 .38 =-.60%% ,65%% ,48% =~
ARTTH. L61%%k (55%%=-.2]1  56%% 25 -,29 =,39%  44% 27 ~,50%% ,57%k  56%k ,68%% -
MEMORY C62%% 44k - 14 (54%k (18 ~,27 ~.27 .30 .27 -—.54%k _50%%  54%k pl¥kk  82k%k  ~
PATT.COMP. .34 .30 =30 -.09  L4O% . 60%k~ 45% .36  L42% —,26  (JO%k ,62%% ,63%% 0%k  54%k -
ELOCK DES. 10320 WA44% =16 .22 L41* J46% —-,18 .06 .24 .17  .52%% ,45% (41% ,46% ,51%% ,49% -
ABSURD. .23 L68%% 20 L, 49% .14 .38 11 W22 .18 ~.16 L59%% (44% 0 (4T7% 0 .38 .27 .26 .32 -
FRM. BRD. .23 .35 .04 =-.03 .06 .26 .16 .20 .15 -

i

. 50%*%~,13

. .36

-.05 =.,02

031

L50%% (48% .17




TABLE 72: CORRELATION COEFFICIENTS

FED_GROUP

- @£ 12)
< A .
. » 2 ST -
o | 2|8 5|8 218 | @ 2 1818 .8
oot gl s |8 2808 18 |4 sl 2 Bl E |- e | B
4| 2| 218 | 8 1la 18 la!lw!s |81 8| /818 l8 8183/ 3
Sl e|8|8|F |8 B =% (% ¢ g8 |8 £|8 2|4 /%9]E¢
iF.S. IQ -
VERB. IQ L98%%  ~
NON-VERB. IQ { .96*%% ,90%% -~
BENDER .32 ..30 .30 -
HARRIS JT3RE L 71RR L 73%% 17 - r = 0.46, P = 0.10
AGE TEST .38 .38 .34 12 ,66%k% - r = 0.53, P = 0.05%
‘DUR. FED .30 .30 .29 .22 .78%% ,9lixx - r =0.66, P = 0.01l%x
TNCOME .22 .13 .36 .10 .02 =-.41 -,32 -
AGE START .05 .05 .07 =.30 .60% | 74%% L 80%%—, 27 - A
AGE STOP .23 .22, .22 0 .04 .68%% ,89k% ,Q8%%—,32  ,9l%% -
AGE (T-S) .18 .20 .12 .12 =-.33 =-.17 -.51 .04 ~-.66%%-,59% . -
VOCAB. : .06 .66%% .32 .15 .23 .12 .15 .25 -
COMPR. 42 JT4%%58%  54% - 06 .23 46 .04  .66%% -
V3.REASON -,0 400 L1l .02 .19 =-.00 =-.00 .21 I A -
ARITH. .50 .45 .24 .29 .10 -.19 .13 .14 .51 . .58% ,56% -
MEMORY .51 .39 .29 .31 ..03 -.08 .18 .12 .47 .39 .50 @ .83%% -
PATT.COMP. .21 .24 =00 -,09 .26 -.09 -.08 .17 .63 .42  .75%% ,57% 37 . =
BLOCK DES. W42 45 015 .25 .43 - .04 .19 ~=.14  .65% ,55%- 56% .62% ,61% .51 -
'ABSURD. -.07 .75%% .51 .46 .15 .51 .50 -.17 .63* .,50 .32 .20 . .15 .13 .24 -
FRM. BRD. .11 .39 .13 .10 .13 -.11 - .03 .17 .27 .29 = .14 .51 .48 =-,03 .07 .13 -




TABLE 73: CORRELATION COEFFICIEN?S

FED CONTROL GROUP .

(df 10)
<. ' _
o @ = | a g A @ § %:_ ctﬁ @ v
= 2 o0 = ; ) [} <4 o o .
24 . = 5 4 1.8 = g & 7 g e e | B = (* < v 8 5
jeo] ] M (@) b [am} =) o B [ o .
v 0 Z = o o C o Q e 3] = 8 g - = é >3 8 @ E
P 2 = A é 2 = = % 2 5::9 =2 O > < ' £ @8 o Fra
;F.S' IQ -
VERB. IQ L95%% -
NON-VERB. IQ |  .88%% ,68% - :
TENDER L | i7o%k .gses .55 - L P,
'HARRTS .56 .49 .53 .62% - 620 B ool
AGE TEST .18 .16 .16 .09 .06 - : et e
DUR. FED .0 -0 .20 .17 .35 .40 - ' ’
I INCOME 31 .35 .20 .0l .16 =-.02 ~-.51 -
'AGE START A4 .16 .07 =.02 =.08 9%k ,15 .04 -
'AGE STOP -.32 =.33 =.,27 =.,24.=,05 .77%% 1% -,24  ,65% -
‘AGE (T-8) JT6®R L T4%% B4% 49 15 0 .22 -.38 .33 .34 =-.45 -
VOCAB, , o .63% .17 .46 -.12 0,22 .51 -.11  .82%% -
{COMPR. L64% 13,29 =.24 .33 .33 ~.19  ,70%% ,87%% -~
VB.REASON CL72%% ,59% .20 125,31 .12 =-.,03 .33 .45 .36 -
ARITH. J74%% 60% -.14 -,12 .32 =-,11 ~-.57 ,68% .60* .46 .70%% -
MEMORY JB4%% 45 ~,06 =.08 .25 =.08 ~.47  .63% 75%%  68% ,[72%% ,BHEkx -
[PATT.COMP. .52 ,19 .03 =-,13 .53 ~.02 -.35 .58% ,66% ,72%%,40 .56 .72%% =~
'BLOCK DES. W12, .32 =04 .18 .13 ~-.13 -.,25 .31 .11 W17 .14 .19 0 .20 .32 -
{ABSURD, .56 .57 .51 .54 =-.08 .48 .20 ,50 .50  -,31 .54 .49 .38 .32 -.37 -
FRM. BRD. .35 .38 =-.00 -,00 =-.05 ~-.09 -.33 .44 .50 .30 .22 .54 ,60% ,37 .40 .18 ~




TABLE 74: CORRELATION COEFFICIENTS

DIFFERENCES BETWEEN FED AND FED CONTROL GROUP
© IN INTELLIGENCE SCORES, AGE AND INCOME

df 10)

(FED-SIBF)

EARLY HEIGHT (FED~SIBF)

EARLY WEIGHT (FED-SIBF)

F.S. IQ (FED~SIEF)
VERB. 1IQ (FED-SIBF)

NON-VERB. IQ (FED-SIBF)
| acE TEST.

INCOME (FED-SIEF)

DURATION FED

AGE START

AGE STOP

AGE (T~S5)

F.S IQ (FED-SIBF) -

VERB. IQ (FED-SIBF) L92%%  —

NON-VER. IQ (FED-SIBF) .53 .16 -

AGE TEST. (FED-SIEF) ' .25 .14 .33 -

INCOME (FED-SIBF) -.13--,01 -.29 .22 -

EARLY WEIGHT (FED-SIBF) .28 .44 -.26 .05 -.05 =

EARLY HEIGHT (FED-SIBF) . .08 .25 -.32 -.29 -.19 .65% -

DURATION FED | .55 .51 .28 .15 -.38 .22 .09 -

AGE START { .25 .14 .34 1.0** .23 .05 -.29 .15 -

AGE STOP | .68% .53 .60% .65%,10 .45 .01 .61% .65% =
AGE (T-S) =43 ~-.36 -.38 .34 .38 —.49 -.43 -.38 .34 =.45 -

0.51, p=0.10
0.58, p=0.05%
0.69, p=0.01%=*

= H
oo




TABLE 75:

CORRELATION MATRIX

FED GROUP
(df 11)

£ e S
T cp;
- -
?E]' = =3 ﬁ 8’
T T - N
; g é o = 77}
< [2a] Q .
=1 =1 = = =
|EARLY HEIGHT - _
EARLY WEIGHT | .33 = - -
VERBAL IQ .10 .12 -
NON-VERBAL IQ! .20 .12  .90%% -
F.S. IQ A4 00,120 .98*%% ,96Fx% -
%% P < 0.01
TABLE 76: CORRELATION MATRIX
FED CONTROL GROUP
df 11)
. g
H g
o] 8 E{ é
2 E T E | g
= |2 E |5 |¢
) = > Z P
EARLY HEIGHT -
EARLY WEIGHT | .50 - .
VERBAL 1IQ J57% L 66%% —
NON-VERBAL IQ{ .51 .29  .70%% =
F.S. IQ JS57%  L64%% ,Q4%% 87 k% -
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APPENDIX T1IX

MODIFICATION OF KOPPITZ SCORING

ON BENJER GESTALT TEST




TABLE X

EXTRAPGLATED KEANS AND STANDARD DEVIATICHS

1t Test.

%]

For Koppitz Scores on Bender Gest:

.
o

.
[£2]

Te} nwnwuwuw

684209877665544444444444

© e ® e o s ® e e e e

322221111111111111111111

MEAN

n n wn N @ ™~
4839642109887766655
.n
UU

32211111100000000

0.55
B0.53
0.52
0.51
0.50
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