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INTRODUCTION

I
ron defioency (10) IS a major publIc health problem

affectmg more than 2000 mIllion persons worldWide

Iron IS an essential nutnent not only for the normal

growth, health, and SUrvIVal ofchildren, but also for theIr

normal mental andmotor development and cogmtIve func

tIonmg Iron defioenCYWIth anemIa (IDA) IS assocIated

With sIgnIficantly poorer performance on psychomotor

and mental development scales and behaVIOral ratmgs m

mfants, lower scores on cognItive function tests m pre

school chIldren, and lower scores on cognItive functIon

tests and educatIonal achIevement tests m school-age

chIldren

A large number of studIes have been conducted to ex

amme the effects ofID and IDA on mental outcomes,

yet the evrdence IS not always complete nor conclUSIve

A need was Identified, therefore, to catalog each of the

studies so that they could be easily accessed and con

sulted, allOWing researchers to reVIew the available data,

draw theIr own conclUSIOns from the available eVIdence,

and verIfy any data reVIewed or summanzed elsewhere

ThIS bIblIography IS mtended to be used m conjunction

WIth and as a supplement to the Oxford Bne! Chlld
Development and Iron Deficlency (by AlIzon Draper,

ILSI Press, May, 1997)

Studies Included in the
Bibliography

Included m thIS bIblIographyare studies that have looked
directly at the relatIonshIp between Iron status and some
mental or developmental outcome m humans Because
thIS IS the mam focus of the bIblIography, as far as pos

SIble all of the papers publIshed m thIS area have been

mcluded and mdlVldually descnbed and summarIZed All
reVIews on thIS tOpIC are lIsted m the Readmg List sec

tIon

At the end of the bIblIography, a descnptIOn of selected

papers on related tOpICS (Satellite Issues) IS mcluded such

as studies mvestIgatIng the relatIOnshIp between Iron sta

tus and mental and motor development m anImals Pa-

pers were selected If they were conSIdered to have used

a strong experImental deSIgn, were a good or representa

tIve example ofthe type ofresearch m the area, and gave

a comprehensIve reVIew of the subject

Structure of the IElUbliography

The bIblIography conSIsts of 5 parts

1 Detailed descnptIon of each expenmental study

2 Detailed tabulatIon/summary of each study

3 Bnef tabulated summary of studIes

4 A lIst of reVIews given m the readmg lIst

5 A summary of studies on related/satellite Issues

The followmg descnptIon of the structure of the bIblI

ography refers only to those papers that have dIrectly

exammed the relationshIp between Iron status m hu

mans and ItS effect on mental functIon and development

The bIblIography has been structured to focus on the

age ofsubjects studIed, the experImental deSIgn, and the

date ofpublIcation SpeCIfic details on each of these de

scnptors are gIven below

Age The papers are descnbed and catalogued first ac

cording to the three mam age groups bemg studIed A

diSCUSSIOn and overvIew ofthe results for each age group

IS gIven at the begmmng ofeach sectIOn The age groups

are as follows

Infants and young children SubJects studIed were
children between ages 6 and 24 months, the out
come measures were mental and motor develop
ment and behaVIor

Preschool children Subjects studied were children

ages 2 to 5 years, the outcome measure was cog

mtIve functIon

School-age children and adolescents Subjects

studIed were children between ages 5 and 16

years, the outcome measures were cogmtIve func

tion and educatIonal adllevement
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Age IS emphasIzed because It seems to determme the
observed level and type of developmental or cogmtlve
response to Iron treatment The age ofchIldren who may
reqUITe preventaTIve or supplementaryrron treatment also
has lffipOrtantpubhc health lffiphcaTIons because chIldren
m drlferent age groups are accessIble through different
channels, thus, age also determmes the most appropnate
dehvery system

Expenmental Destgn Wlthm each age group, studIes
are further classIfied under subheadmgs accordmg to ex
perlffiental deSIgn Because of the complex range of m
terventIOn trIalS that have been undertaken (partICularly
m studies With mfants), studies have been grouped ac
cording to the followmg subcategones

• ObservaTIonal

.. IntervenTIon These are further dlVlded mto stud
Ies assessmg short-term or long-term effects
Short-term studies looked for an lffiprovement m
mentalor motor outcomes from 1weekto 8months
after rron supplementaTIon Iron supplementaTIon
m these short-term studies was eIther bnefor ex
tended (With or WIthout a placebo group) WIth
bnefsupplementaTIon, chIldrenwere supplemented
With Iron for 5 to 10 days only, With extended
supplementaTIon, chIldrenwere supplementedWith
rron for more than 2 months Long-term studIes
looked at the effects of ID and IDA or the ben
efits of Iron supplementatIOn more than 2 years
later These studies also mclude prospecTIve stud
Ies (no treatment gIven)

• PreventaTIve

An understandmgofthe expenmentaldeSIgn IS lffiportant
for mterpretlng the results from each studyand for draw
mg valId conclUSIOns Thus, a bnefdescnptlon ofthe ad
vantages and dIsadvantages ofeach experlffiental deSIgn
IS gIven below

In observatIOnal, cross-sectIOnal, or case-control studIes,
rron and psychometrIC or developmental measurements
are taken from experlffiental groups at one TIme pomt
only These types ofstudies can show that one condItion
(developmental status) IS associated With another (Iron
status) but they cannot determme the causahty of the
relatIOnshIp For example, other factors assOCIated With
Iron status (such as SOCIOeconomIC conditIOns, maternal

education, and other nutrItIOnal defiCIts) could be re
sponsIble for the observed developmental level of chil
dren

In mterventIOn studies, the groups With ID and IDA are
given Iron supplements after the mitIal basehne develop
mental or psychometnc assessment and then the devel
opmental and psychometnc assessments are repeated to
determme the degree oflffiprovement InterventIOn stud
Ies may be double-bhnd, randomIZed, and treatment or
placebo-controlled, but those that mclude all ofthese fea
tures will have the strongest expenmental deSIgn and the
best abilIty to mfer causalIty between the putatIve cause
(rron status) and the outcome (cogruTIon or development)

ThIS IS because each feature IS deSIgned to ensure equal
Ity among the groups m all respects (for example, m so
CioeconomIC status (SES), maternal educaTIon, and nutrI
tional status) other than the treatment theywere given so
that any confoundmg vanables are equally dIstnbuted
between the control and expenmental groups If thIS IS
ensured, the expenmental groups can be drrectly com
pared and the umque effect oflfon treatment on chIldren's
development determmed

In a double-blmd tnal, both the subjects and the person
who assesses the response are unaware of whICh group
the chlld has been aSSIgned to and what treatment has
been gIVen ThIS means that both groups will be dealt
With by the experlffienters m the same way and also that
one group ofchildren will not feel more or less pnvileged
than another

In a randomIzed tnal, children are aSSIgned randomly to
the treatment groups (treatment and no treatment or treat
ment and placebo) Random aSSIgnment should ensure
that all the charactenstICs of the two groups are SImIlar
so that any dIfferences among mdlVlduals, for example,
differences m SES, are equally dlstnbuted between the
two groups

In a placebo-controlled trIal, an effective control IS pro
Vided by the placebo, an mert preparation formulated to
appear mdIstmgmshable from the Iron supplement It IS
Important to gIve a placebo to the control group because
It accounts for unspeCific dIfferences m developmental
or cogmtIve responses that anse slffiply from the children
bemg given somethmg rather than nothmg Without a pla
cebo group It 18 not pOSSIble to determme whether Im
provement m development or cognItIOn observed after



Introductxon

Iron supplementatIOn IS due to Improvement m Iron sta

tus or to somethmg related to Iron but not Iron Itself,

such as low bIrth weIght, lack ofbreast-feedmg, or enVi

ronmental dIsadvantage

The mclusIOn of a nonanemIc, Iron-sufficIent control

group (whICh mayor may not be matched With the ID

or IDA group), although not essential to a treatment

or placebo-controlled tnal, IS Important for two rea
sons FIrst, the mclusIOn ofan Iron-suffiCient group can

help determme whether there IS any mitIal defiCIt m de

velopmental or cogmtIve outcome between the chIldren
With ID or IDA and the Iron-suffiCIent chIldren If no

defiCIt eXists at baselme, an Improvement followmg treat
ment would not be expected Second, an Iron-suffiCient

group can help determme whether the adverse effects of
ID or IDA on performance are fully or only partially
reverSIble followmg treatment, that IS, whether the Im

provement m performance of chIldren With ID or IDA
who receIved Iron treatment IS large enough for them to

catch up to the Iron-suffiCient control group by the end

of the study

In condItIOns m WhICh benefits from treatment have not

been commonly observed, It IS chffi.cult to determme

whether thIS IS because there are no dIrect effects of
IDA on performance or whether there are effects of
IDA that are not correctable With treatment If the latter
IS conSIdered the case, thIS could be studIed m a preven
tatIve tnal m whICh chIldren who are supplemented (by

recelVlng Iron-fortlfied mIlk formula, for example) and
protected from becommg Iron defiCIent With anemIa are
compared With chIldren who are not supplemented Al
though preventative tnals have not been commonly un
dertaken m thIS area of research, they are wnsldered to
have a strong experImental desIgn

Date Studies are presented WIthm each of the subsec
TIons (e g , under observaTIonal studies, mtervenTIon tnals,
or preventatIve trIalS) accordmg to the year m whICh they
were publIshed The date of publIcaTIon IS conSIdered
Important for puttmg the studIes mto a hIstoncal perspec
tIve and for observmg how the research methods and
questions progressed over tIme

Other Features of the Studies
Highlighted iII'lI the Bibliography

Certam key features of each paper presented have been
emphaSIZed m the text and m the tabulated summary

3

(Appendix A) because they are conSIdered Important

for mterpretmg results and for comparmg results across

studIes These charactenstIcs mclude the location of the

study, the Iron status of chIldren at baselme, the length

of treatment, and the developmental, cogmtIve, or edu

cational outcome measures used

Locatton of Study It IS conceIvable that baselme dIffer

ences and responses to Iron therapy could vary accord

mg to the enVIronment m whICh the chIld has grown up

For example, some enVIronments may put chIldren at m
creased nsk of anerrua or ID whereas others may pro

Vide chIldren With psycholOgical buffers that prevent such

hematolOgiC Imparrment Impedmg development

Iron Status of Chtldren Whether chIldren recrUIted to
the study have ID or IDA IS clearly speCified because

eVidence suggests that the effects of these condItIOns on
development or psychometrIC function may dIffer Usu

ally, only IDA IS assOCIated With lower developmental or
cognItive scores, but thIS IS not exclUSIvely so and It IS not

easy to dIfferenTIate whether the effect on development

or cogmtIon IS due to the seventyofthe defiCiencymIron,

the age ofonset ofdefiCIency, or the duratIOn of the defi

Ciency

A dIstmctIon has also been made between severe, mod
erate, and mIld IDA Where pOSSIble, the authors' defim

tIons have been used, otherWIse, the mean hematolOgiC
values WIthm each group as speCIfied m the paper are
used ThIS IS because, whIle there are mternatIOnal cnte
na for definmg IDA, (Bb 110glL for chIldren between 6

months and 6 years of age (WHO, 1972), the studIes
have not apphed these crltena conSIstently For example,
accordmg to Lozoff et al (1987), a hemoglobm concen
tration less than 10 0 gldL (or 100 giL, to convert con
venTIonal values m gldL to SI values m giL, mulTIply by
10) sIgmfies moderate anemIa and greater than or equal
to 10 0 g/dL and less than 11 0 g/dL slgmfies mud ane
mia On the other hand, accordmg to Demard et al (1981),
values ofhemoglobm greater than 11 0 gIdL and a serum
ferntln less than or equal to 9 nglmL (or 9 giL, to convert
conventional values m nglmL to SI values m giL, multiply
by 1) SIgnllysevere ID, and values for hemoglobm greater
than 11 0 gIdL and serum ferntm between 10 and 19 ngl
mL sIgmfy mIld ID When a study mcludes subJects from
more than one category of seventy, It IS claSSIfied ac
cordmg to the most severely Iron-defiCIent group
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Length ofTreatment The length of treatment has been
specIfied because It IS lffiportant for determmmg the de
gree of lffiprovement m Iron status and the replemsh
ment of Iron stores It IS supposed that very-short-term
therapy of less than or equal to 10 days (termed "bnef
supplementatIOn") will not result many sIgmficant nse
m hemoglobm levels but will reduce the level of ID
Longer-term Iron supplementatIOn of 2 to 8 months
(termed"extended supplementatIOn") will result manse
m hemoglobm and should therefore correct anemia If

present

Developmental, CogmtJ.ve, orEducatJ.onalOutcomeMea
sures Used The tests used need to be senSIove to changes
m Iron status, culturally acceptable, rehable, and valId
for the study populatIOn MeeTIng all these cntena may
be extremely chfficult, whICh may account for the failure
of some studies to show lffiprovement m the outcomes
measured after Iron supplementaoon

The outcomes used to measure the effects oflD and IDA
must vary accordmg to the age of the children bemg

studIed Most studies With mfants looked at differences
on the BayleyScale ofInfant Development (BSID), whICh
prOVIdes mdIcators ofmental development, motor devel
opment, and, mdrrectly, behaVIor Bybemg a global mea
sure of development, BSID IS often cnocized as bemg

msenSIuve m the context of ID because of Its mabihty to

Isolate effects on specIfic functIOns and ItS low test-retest

rehabilitym chIldren younger than age 18 months How

ever, m the absence ofgood alternaove tests ofdevelop

ment, BSID IS the most commonly used outcome mea
sure m mfants Thus, ItS Wide usage facilitates compan
son ofresults across studies Indeed, when drawmg com

pansons across studies, the term "patternmg" has been

used to descnbe SItuatIOns m whICh a group conSIstently
faIls certam Items or subtasks of a developmental mea

sure StudIes With preschool children have tended to fo

cus on trymg to Isolate the specIfic cogmove functIOns

whIch are affected by ID and IDA In practlce, however,

the range offunctIOns whIch can be measured m anyone

study IS lImIted and the cultural Vahdltyofthe tests them

selves may be quesoonable

Studies With school-age children have tended to mea
sure educaoonal and/or cogmove funcoon While edu-

catIOnal achIevement IS an lffiportant outcome because
effects on school performance have potenoal to mflu
ence pohey, It IS a global measure and children's perfor
mance will be heavily mfluenced by enVIronmental and
socIO-emooonal condItIOns at home and at school For
example, Improvements m educatIOnal achIevement fol

lOWing Iron treatment maybe dIfficult to measure Ifchil
dren are not attending school regularly or If the class
room IS not conduslve to learnmg

How to Use the Bibliography to
Find Specific References: The
Numbering System

A numbenng system has been used so that the papers
descnbed m detail m the mam body of the text can be
easily located Each reference has been assIgned a num
ber, whICh IS gIven each ome the reference IS hsted Ex
amples of how to use the numbenng system to find a
reference are as follows If the name ofthe first author IS

known, look m the secoon Alphabetical List ofIncluded
Studies (on pages 1and 11) and find the reference number
of the paper (gIven at the end ofthe CItatIOn) A wrItten

summary of the paper can be found WIthm the text, m
wmch papers are discussed m numencal order

Alternaovely, to find, for example, all the observaoonal

studIes conducted With mfants several optIOns are avaIl

able

(a) for a detaIled descnptIOn, look m the Infants and

Young Children (6-24 months) secoon ofthe text

under the subheadmgs Short-term Effects Ob
servatIOnal Studies (page 8), and Long-term Ef

fects ObservatIOnal Studies (page 19),

(b) for a hst, Table 1 m the Infants column and the

ObservatIOnal studIes row (page 6), or m Ap

pendlX A m both the Age and Study deSIgn col

umns (page 39)

(c) for a detailed tabulaoon, studIes are hsted m Ap

pendIX B accordmg to the age ofthe subJects and,

for mfants and young chIldren, accordmg to
whether the studIes looked at short-term or long

term effects (page 59)
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Glossary of Terms and Key to
Abbreviations

Each CItatlon m the text IS annotated at the begmnmg
accordmg to Its Importance, expenmental deSIgn,

baselme results, post-mterventlon and follow-up results,

and conclusIOns The other subsectlon mcludes detatls

of any noteworthy features of the paper (e g , If the pa

per usefully dtscusses biOlOgical mechanIsms or the role

of potentIally confoundmg vanables)

A complementary keyword sectlon IS mcluded With

each annotatlon Studtes repomng a baselme pOSI

tlve aSSOCIatIOn between hematologIC lillpatrment
and low developmental test scores are mdicated by

an astensk (*) Studies repomng an associatlon be

tween tron treatment and developmental Improve

ment are mdtcated by a dagger (t) A value of p <
o05 IS consIdered a statistically sIgmficant result

Several terms and abbreVlatlons are used through
out These are defined as follows

Hematology DevelopmentalMeasures Studydeslgn

BSID = Bayley Scale of Infant
Development

IBR = Infant BehaVIOr Record
(subscale of BSID)

MDI =Mental Development In
dex (subscale of BSID)

PDI = Psychomotor Development

Index (subscale of BSID)

WISC = Wechsler IntellIgence
Scale for Children

DIfference-used when repomng results, refers to a

statlstICally SIgmficant difference (at least p < 005)

Interventlon-the IDAand ID groups are given Iron
supplementatiOn, usually after baselme assessment

NonaneilllCcontrol-anonaneilllC group IS mcluded,
usually matched to the IDA or ID group by age as a

mmlillUill, and given the same developmental assess

ments, m these studies the nonanemlC group IS often
given the same Iron or placebo mterventlons as the
IDA and ID children

ObservatiOnal-only baselme hematologIC and de
velopmental measurements are taken from groups
to be compared

Placebo control-a subgroup of the IDA and ID
children are given a placebo accordmg to the same

procedure as the admmistratIon ofthe Iron supple
ment

Preventative-anemIa m subjects from an at-nsk

populatIOn IS prevented early m hfe With prophy

lactIC supplementatIOn, and development of thIS

group IS compared With the development ofsubjects

from the same group not given supplements

RandomIzed-subJects are randomly assIgned to
treatment and placebo groups

* StudIes that report a baselme posItIve assOCiation
between hematolOgiC lillpatrment and low develop
mental test scores

t StudIes that report an associatlonbetween Iron treat
ment and developmentallillprovement

Appen<bx C gIves a summary of the all the psychometnc, development and educatIOnal tests whIch have been
used ill studIes ofID and IDA

ID = Iron defiCiency
Without aneillla

IDA = Iron defiCiency
With aneillla

Hb=hemoglobm
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Table 1 Summary of expenmental designs by studies exammmg the effects of Iron defiCiency With (IDA) or

Without (ID) aneffila on development or cogmnon

ObservatIonal stuches
performance ofIDNID
compared WIth IS, cross
sectiOnal desIgn

Short-term effects of
treatInent for ID/IDA on
performance
Treatment, no placebo
m IDAgroup
bnefsupplementatIon
(5-10 days)
Extended
supplementatIon
(2-8 month)

Treatment and placebo,
bnefsupplementatIon
(5-10 days)

Extended
supplementatIon
(2-8 month)

Long-term effects ofID/IDA
on performance
>2 years follow-up after
treatment

ProspectIve stuches (no
treatmentor
supplementatIon)

Effects on performance of
preventmg IDA and ID

Preventative trialS (rron
supplementatIon)

htfants

Demardetal, 1981 (1)
Johnson and McGowan,

1983(2)
Gnnduhs et al , 1986 (3)
Lozoffet al, 1986 (4)

Walter et al , 1983 (9)
OskJ.etal, 1983 (10)

Lozoffet al, 1987 (13)
Lozoffetal, (1996a) (16)

OskJ.and Homg, 1978 (5)
Lozoffetal, 1982 (6-8)
Lozoffetal, 1985 (11)
Lozoffetal, 1987 (13)
Walter et al , 1989 (14)

Aukett et al , 1986 (12)
IdJrachnata and Pollitt,

1993(15)

PaltIetal, 1983 (23)
PaltIetal, 1985 (20)
Walter et al, 1990 (24)
Lozoffetal, 1991 (25)
Hurtado, 1995 (22)

Wasserman et al , 1992 (21)

Cantwell, 1974 (26)
Heywood et al , 1989 (17)
Moffatt etal, 1994 (18)
Lozoffet al , personal

commurncabon, 1996 (19)

Preschool

Pollittetal, 1978 (27)
Pollitt et al , 1983 (28)
Demardetal, 1986 (29)
Pollitt et al , 1986 (30)

Soewondo et al , 1989 (31)

Schoolage

Webb and Oslo, 1973
(31,32)

Seshadn and Gopaldas,
1989 (Study 1) (34,39)

Soemantnetal, 1985 (34)
Pollitt et al , 1985 (35)
Groneretal,1986(37)
Soemantn,1989(40)
Seshadn and Gopaldas, 1989

(Stuches 2,3,4) (34,39)
Pollitt et al , 1989 (41)
Bruneretal, 1996 (42)
Kayshap and Gopaldas, 1987

(38)

IS, iron suffiCIent Reference number of each study given m parentheses
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Summary of Findings

There IS good eVIdence that IDA IS assocIated WIth poorer
performance on developmental ratmgs ofmfants, but the

data are mconcluslve as to the causal nature of these

effects ThIs IS because most eVIdence comes from ob

servaTIons of baselme dIfferences between mfants WIth
IDA and nonanermc mfants DespIte efforts to carefully
control for confoundmgfactors durmg reCruItment and m
subsequent staTIsTIcal analyses, these studIes cannot re
move the pOSSIbIlIty that another factor related to ID IS

responSIble for the dIfferences observed

What IS certam from the eVIdence IS that lower develop

mental test scores are most lIkely seen m mfants and
young children WIth anemIa rather than ID alone, fur
thermore, although preCIse cutoffs cannot be specIfied,
the general observaTIon IS that the more severe the ane

rma, the more pronounced the effect on test scores Where
low developmental test scores have been found m chil
drenwho are Iron defiaentWIthout anerma, a small amount

of eVIdence suggests that It IS severe defiCIency that re
sults m poorer performance

Infants and young children WIth IDA often show dIffi
cultyWIth language, poor motor coordmaTIon andbalance,

and perhaps most eVIdent, poorer ratmgs on attentIOn,
responSIveness, and mood assessments In some studIes,

assessments ofpoorer attenTIon and responSIveness and
lower motor test scores were found m the absence of
lower mental development test scores It has been postu
lated, therefore, that poorerattenhon, poorer performance
on motor tasks, or both may medIate lower scores on
tests ofmental development

Most mterventIOn studIes m whIch oral or mtramuscular
Iron treatment was admlmstered for less than 2 weeks
used a double-blInd, randonuzed treatment, placebo-con-

trol deSIgn The causal nature of the aSSOCIatIOn between
a change m Iron status (WIthOut correcTIng the anemIa)
and poorer performance on developmental tests was de
termmed However, m none of these studIes was a SIg

mficant Improvement m mental or motor development

found that could be attnbuted to Iron Onlym the studyby
OskI and Homg (1978) [Ref 5], was a benefit of treat
ment on behaVIOur observed

StudIesWIth mfants that looked at the effects on develop
ment ofextended Iron supplementaTIon have also mostly

found no sIgmficant Improvement The best eVIdence m

support of a causal lInk between IDA and development

comes from IdJradmata and PollItt (1993) [Ref 15], who
found a reversal ofpoor mental and motor developmental

test scores after 4 months of therapy There maybe many
reasons why most studIes have not found an Improve
ment m development after treatment ofIron-defiaent or

anemIC mfants the anemia may not have been partICU
larlysevere or chromc, the treatment penod was not long
enough to correct the anerma, the developmental tests
were not SenSITIVe enough, parental st1mulatlon or an Im

proved socIOeconomIC enVIronment may be reqUIred m
addITIon to any treatment for children's development to
progress, the aSSOCIaTIOn was not causal, because some

other factor assocIated WIth Iron but not Iron Itself may
have led to the developmental defiCIts observed at baselIne,

or because the effects of IDA on development are not
reversIble WIth treatment

Although these reasons are all plaUSIble, It has generally
been supposed that the faIlure to find a sIgmficant benefi
CIal treatment effect IS because the effects of anemia on
development m mfants and young children are not re
verSIble One way to test thIS hypotheSIS IS to conduct a
preventatIve tnal that IS double-bhnd and placebo- con
trolled Iflow developmental test scores are the result of
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some other factor m the mfant's enVIronment and not a
result ofIDA, then preventmg anemIa from an early age
should not prevent mfants from scormg lower than theIr
nonanermc counterparts on tests ofdevelopment Three
preventaTIve tnals have been conducted and dIfferent re
sults were obtamed (Heywood et al 1989 [Ref 17],
Moffatt et al 1994 [Ref18], Lozoffet al 1996 [Ref19])
It IS therefore chfficult to draw any conclusIOn, however,
the eVIdence seems to suggest that IDA m mfants does
affect mental and motor development drrectly but only
under certam underpnVIleged condITIons - such as m poor
homes or communITIeS, where the prevalence ofanemIa
IS hIgh, among low buth weIghts babIes or where
breastfeedmg IS uncommon (Moffatt et al 1994 [Ref18])
IfthIS IS the case, then under these COndITIOnS preventIOn
rather than treatment of IDA m mfants may offer the

greatestbenefit Further eVIdence from preventaTIve stud

1es With mfants With IDA IS needed to clanfy this Issue

InveSTIgaTIons of the long-term effects of anemia m m
faney have generally shown there to be a sIgmficant ad
verse effect on development or cogmTIon and educaTIonal
achIevement m later lIfe ThIS relaTIOnShIp appears to ex
1St even m those children who, after recelvrng uon treat
ment m mfaney, scored slIDIlarly on tests ofdevelopment
to nonanemIC control children The long-term effects on
development are seen on tests of motor and mental de
velopment and behaVIOur Although mfant assessment
scales such as BSID may not predIct later mtelhgence
quoTIents (IQs), eVIdence suggests that the same children
performmg less well on these scales durmg a penod of
mfant anemia show poorer IQs at age 5 years and older
In one study, care was taken to assess the extent to whICh
the long-term poorer test performance was attnbutable
to confoundmg vanables, such as maternal educatIon,
rather than hematolOgiCstatusearhermdevelopment (PalTI
et al 1983) [Ref 23] The authors found that at age 5
years, the contnbutIOn ofanemIa m earher childhood to
lower developmental scores was sIgmficant even after
confoundmg vanables such as maternal educaTIon and
SOCioeconomIC status were controlled for

There are two excellent reVIews of the effects of ID and
IDA on mfants and children The first by Lansdown and
Wharton (1995) mcludes all age groups and IS notable for
ItS clear tabulaTIon ofstudIes CIted, ItS comprehenSIve ref
erence hst, and ItS systemaTIc dISCUSSIOn ofmethodology
and Issues oftheoretICallIDportance The second reVIew

by Lozoff (1990) deals exclUSIvely With studIes concern
mg mfants and young children, and starts by clanfyIng
whether any aSSOCIaTIOn can be concluded from the avail
able eVIdence before mOVIng on to dISCUSS whether such
an aSSOCIaTIOn has been shown to be causal Both re
VIews dIscuss the problem ofconfoundmg and cofactors
and hlghhght areas ofthe field yet to be studIed

Short-term Effects: ObservatIonal
Studies

1 Demard et al (1981) Key Words USA,
age 15 months, ID of vanous seventIes,
cross-sectlOnal companson only, BSID, an
habItuatlOn measure, and the Uzgms and
Hunt Ordmal Scales of PsychologIcal

Development, deSIgn observatlOnal

Importance ThIS study sought to mvestIgate the effects
ofID on development It IS ofpartICular mterest gIven ItS
assessment of mdependent effects as a functIOn of the
specIfic ID level A speCific habItuaTIon measure IS used,
as well as the more global BSID

DeSIgn An observaTIonal deSIgn was used to compare
the vanous ID groups Withone anotherand an nonanermc
controlgroup

Baseltne There was no dIfference m the overall scores
on anyofthe measures m anyofthe Iron-defiCIent groups
and the nonanermc group However, Isolated and pat
terned dIfferences were found m the severely Iron-defi
Cient group on Items m the Infant BehavIOur Record (IBR,
a subscale of BSID) These children were rated as more
fearful, less audItorily and VISUally attentIve, and more
vocal ThIS patternmg IS SImilar to that reported mother
studIes (see OskI and Homg 1978 [Ref 5], Lozoff et al
1982a [Ref 8], Walter et al 1983 [Ref 9], Lozoff et al
1985 [Ref 11], Walter et al 1989 [Ref 14])

ConcluslOns A number of dIfficulTIes With thIS paper
have been raIsed, notably the fact that the hematologIC
measures used were unrehable, thus making It pOSSIble
that some ofthe children descnbed as Iron-defiCIent may
actually have been anemIC The observaTIonal deSIgn of
the study means that a causal relatIOn between Iron defi
CIeney and assessments of poorer behaVIOr cannot be
mferred, although It shouldbe noted that the paper showed
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a baselme aSSOCIanon of ID WIth lower developmental
test scores that was restncted to the most severely Iron
deficIent children However, the use of the unrehable he
matocnt measure to determme absence ofanemIa means
that the behaVIoral effects may st1ll result speCIficallyfrom
anemia rather than more generally from Iron deficIency

Other There IS a good dIscuSSIOn of the pOSSIble meth
odolOgical and theoretICal reasons for theIr overall non
sIgmficant findmg and a comment on the mvolvement of
enVIronmentalnsk

2 Johnson and McGowan (1983) Study 1

Key Words USA, 12 months, IDA, mother

chlld mteractlOn tests of ae-tlvltY, reactlvlty,

emotlOnal tone, and attentlOn span, deslgn

ohservatlOnal

Importance ThIS study was conducted for two reasons,
first, the authors wanted to contmue to test the aSSOCIa
non between anemia and the behaVIor of mfants, given
that "based on preVIOUS research, It was hypothesIzed
that anemIC babIes would show dIsturbed acnVIty levels,
be more Irntable, less attentIve and less responSIve to
therr mothers" Second, the authors wanted to compare
m Study 1these behaVIOurs under"low-demand"condI
nons With relanvely hIgh-demand condItIOns m study 2

(below) The authors made a partIcular effort to deter
mme the role ofpotennally mtervenmg vanables Under
lowdemand condInons, chIldren'~ behaVIorwas observed
durmg normal playacnVItyWIth therr mothers

Deslgn ThIS was an observatIOnal companson of IDA
chIldrenWith nonaneffilC control chIldren

Baseltne Under these low-demand test condItIOns, there
were no SIgmficant dIfferences between the groups on
any of the behaVIOral measures, even when the authors
compared only the most severely anemIC mfants With the
most dearly nonanemIC Interesnngly, thIS lack of dIffer
ence between the groups may be explamed by the fact
that these mfants were also not dIfferent m maternal edu
canon, family mcome, bIrth order, language preference,
or scores on the Home ObservatIOn for Measurement of
the EnVIronment (HOME) mventory

ConcluslOns The hypotheSIS of baselme aSSOCIatIOn
between anemIa and behaVIOral dIsturbance IS not sup
ported, perhaps because, as With the Demard et al (1986)

9

[Ref29] dIfferences m development between ID/IDA and
nonanemlC children are a result of mtergroup dIffer
ences on mtervenmg varIables WIth whICh aneffila fre
quently co-occurs Alternanvely, the so-called low-de
mand situanon may have been such that "latent" dIffer
ences between the groups were not mamfested

2 Johnson and McGowan (1983) Study 2 Key

Words USA, 12 months, IDA, BSID (mcludmg
IBR), deslgn observatlOnal, double blmd

Importance In contrast to Study 1, children's develop
ment and behaVIor were measured m a relanvely hIgh
demand situanon m whIch the BSID was gIven to chil
dren formally to rephcate the test condInons under wmch
they are usually assessed

Deslgn An observatIOnal study comparmg IDA mfants
With nonanemIC control mfants Assessment was con
ducted bhnd to the mfants' Iron status

Baselme Under the hIgh demand condInons, no dIffer
ences between groups were found on MDI, PDI, or IBR
Also, no dIfferences were found between groups for
maternal educanon, family mcome, bIrth order, language
preference, or scores on the HOME mventory

ConcluslOns The demand of the enVIronment cannot
be mvoked as an explanatIOn for the lack of mtergroup
dIfferences observed m the first of these two studIes, m
thIS second observatIOnal study, the hypotheSIS of asso
CIanon ofanemIaWIth behaVIoral dIsturbance st1ll receIves
no support

Other There IS good companson ofthIS With slffillar stud
1es

3 Gnndults et al (1986)* Key Words UK,
age 22 months, IDA, Shertdan developmen
tal sequences for psychomotor develop
ment, deslgn observatlOnal, double blmd

Impol tance ThIs study, pnmarIly aimed to mvesngate
the relatIOn between IDA and VItamm D defiCIency, also
assessed the chIldren's psychomotor development

Deslgn The authors used a double-blmd, observatIOnal
deSIgn

Baselme Although no aSSOCIatIOn was noted between
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lower psychomotor test scores and Vltamm 0 defiCiency,
children who were anenuc showed sIgmficantly poorer

performance on fine motor and sOCIal development Items

Concluswns No conclusIOns can be drawn regardmg
the nature of the aSSOCIaTIOn between IDA and psycho

motor development, given the observaTIonaldesIgn There
were baselme differences between the IDA children and

the other groups for SES and maternal educaTIon, how

ever, no statIstICal analysIs was conducted to assess the

contnbuTIonofthese mtervenmgvanables to thebetween
group differences found The Shendan Test has not been

used elsewhere

4 Lozoff et al (1986)* Key Words Guate
mala, age 6-24 months, IDA, behavwr ratmg
on BSID, deSIgn observatwnal, double blmd

Importance ThIS report on the Guatemala study de
scnbed below (Lozoff et al 1982a,b,c) [Refs 6, 7, 8],

assessed the behaVlor of mfants and theIr mothers as a

functIon ofthe mfant's iron status It a1ll1ed to determme

the extent to whlCh behavIOral drlferences are mamfested

m free play (behaVlor ratmg ofBSID) rather than m more

stressful structured developmental tesTIng envrronments

The study can be compared With that of Johnson and

McGowan (1983) [Ref2], whIch found no differences m

mother-child mteraCTIon dunng play between IDA and

nonanenuc matched controlgroups

DeSIgn A double-blmd, observaTIonal companson ofm

fants With mild to moderate IDA and nonanemiC control

mfants and theIr mothers No behaVloral analysIs was

conducted after rron treatment Subjects were recrmted

from a SOCially homogenous, Impovenshed area ofGua

temala

Baselme The mfants were not more rrntable, distract

Ible orapatheTIc than the nonanenuc control mfants They

were, however, more lIkely to seek body contact With

therr mother The mothers did not differ m the extent to

whICh they miTIated contact With and responded to con

tact from therr children The mothers ofIDA mfants spent

less tlme beyond arm's length of theIr children and were

less lIkely to break close contact When mfants moved

away from theIr mothers, the mothers ofthe IDA mfants

were more lIkely to remiTIate the contact

To determme whether these dIfferences were attnbut-

able to mtergroup differences other than Iron status, sev
eral other confoundmg vanables were measured The m

fants dId not dIffer m terms ofparental age, educatIOn, or
occupatIOn or m terms of anthropometry The IDA m

fants came from larger families and had lower scores on
the MOl but not the POI (dIfferences on the POI m the

larger sample (Lozoff et al 1982 a,b,c) were found) The
lack of difference between IDA and nonanenuc control

mfants on the POI IS attnbuted to the smaller SIZe of the

sample (fewer Vldeotapes of mfants were smtable for
analySIS) Play behaVIOr remamed sIgmficantly dIfferent

between groups after controllmg for dIfferences m theIr
baselIne charactenstICs

Concluswns The authors concluded that mfants respond

to rron defiCIency, as to many other msults, With an m

crease m proxnmty seekmg and that thIS IS both a mam

festatIon of affectIve and actlVlty disturbance and an ef
feCTIve compensatory and protectIve mechanIsm In the

long term, mcreased attachment may mterfere With m

fant development because ofreduced exploratorybehav

lOr, whlCh may memate the acqulSltlOn of fundamental

cogmtIve skills such as depth perceptIOn Although the

study recrrnted mfants from a socIOecononucally,homog

enous populatIon and statistIcallycontrolled for othervan

ables, the assessment of SES and other vanables may

have been too crude to detect cntICal between-group dif

ferences ThIS pOSSIbilitycannot be rejected WithOUt com

parmg playbehaVlor after a placebo-controlled Iron treat

ment

Other There IS good diSCUSSIOn of attachment theory

(the perspectIve on whICh the hypotheses of the study
were formulated)

Short-term Effects: Intervention
Trials

5 ash and Homg (1978) * H Key Words
USA, IDA, age 9-26 months, 1 week ofmtra
muscular (IM) therapy, BSID bnefmterven
hon, randomtzed, double blmd wtth placebo
control

Importance ThIs was a pIOneermg study that motivated

many other researchers to mvestIgate the aSSOCiations

between rron and cogrntIon
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Deslgn The study was a double-bhnd, randomIZed, pla
cebo-controlled mterventIOn study lookmg at the ef

fects ofanemIa on cogmtIve development m mfants and

young chI1dren A nonanemiC control group was not
mcluded IDA mfants and chI1dren were randontly as

SIgned to receIve eIther mtramuscular treatment or pla

cebo, whICh they receIved for 5-8 days

Baselme At basehne, there were no sIgmficant dIffer

ences on eIther the MDI or the PDI between the treat
ment groups All anemIC chI1dren demonstrated lower

scores m fine and gross motor coordmatIon and on IBR

The IBR patternmg reported agrees With that seen m a

number ofother studIes, With poorer ratmgs m attentIOn

and reactIVity (see summary of Demard et al 1981 [Ref

1], for hst ofstudIes showmg sImIlar behaVioral pattern
mg)

Follow-up A SIgnIficant benefiCIal effect of Iron treat
ment on MDI scores, motor skills, and responSIveness
(an IBR Item) was reported after only 1 week but the
benefit m the treatment group was onlysIgrnficantlygreater

than m the placebo group m the IBR ratIng It IS notewor

thy that a posItIve correlatIon was found between mitIal
absolute hemoglobm (Hb) status and extent ofMDI Im

provement, conSIstent With other studIes reportmg dIffer
entIal baselme poorer performance and dIfferentIal de

velopmental Improvement as a functIon of seventy of

hematologIClmparrment (see Lozoffet al 1987 [Ref13])

Because other studIes have faIled to find a treatment ef
fect at 1 week, It has been suggested elsewhere that the

treatment effect here IS due to the treatment havmg been
mtramuscular rather than oral thIS suggestIon IS contra
dIcted by Lozoff et al's 1987 study [Ref 13], descnbed

below

Concluswns Because no nonanemIC control group was
mduded, the study cannot confirm that lower develop
mental test scores at baselme are to be found m anemIC
children Furthermore, despIte the sIgmficant MDI score
lffiprovement for Iron-treated children, the umque effect
of Iron therapy on cognItion cannot be concluded Oskr
and Homg state that although there was a sIgmficant Im
provement m the MDI scores of the Iron-treated IDA
children, thIS Improvement was not statIstICally greater
than the lffiprovement m the placebo-treated group The
Improvement m scores m the treatment group can be at
tnbuted to the effect of repeatmg the same test WIthm a
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short tIme The study confirms the basehne aSSOCIatIon
of IDA With lower PDI scores and poorer IBR assess

ments but proVides no eVidence that the IDA mfants'

performance was poorer than that ofnonanemiC mfants
The study offers no confirmatIon ofthe contentIOn that

Iron supplementatIOn IS benefiCIal to performance on the

measures used

Other There IS very good dISCUSSIOn ofbIOchemICal theo
nes ofthe effects ofIron defiCIency on cogmtIon and also

of pOSSIble mechamsms assocIated With IBR and PDI

measures that may medIate poor cogmtIve performance

6 Lozoff et al (1982c) * Key Words
Guatemala, age 6-24 months, IDA, 1 week of
therapy, BSID, deslgn bnefmterventwn,
randomlzed, double blmd Wlth placebo and
nonanemlC controls

Importance The authors alillS were to assess the effects of
IDA on development, usmg a controlled and random
IZed placebo controlled deSIgn to enable firmer conclu

SIons to be drawn than were preViously pOSSIble

Deslgn A double-blmd, randomIzed, placebo-con

trolled mterventIOn was used m IDA and nonanemIC

control chlldren Although the authors descnbe the IDA
subjects as mlldly anemIC, at least some ofthem had Hb

levels below 10 0 gldL, m the Lozoff et al 1987 paper

[Ref 13], chIldren With Hb below 10 0 gldL were clasSI
fied as moderately anemIC

Baselme At basehne, the IDA chI1dren scored sIgmfi
cantlylower than the nonaneffilC control chlldren onMDI

and nonsignificantly lower on PDI

Follow-up After treatment, Hb levels m the treated IDA
children Improved sIgmficantly, but the developmental
scores of these children showed no effect of treatment
All groups showed an Improvement m MDI score, and
the IDA group's scores remarned sIgmficantly lower than
those ofthe nonaneffilC control group

POSSIble explanatIOns for thIS faIlure of developmental
measures to lffiprove are dIscussed extenSIvely It IS also
suggested that, given the range of Hb levels WIthm the

anemIC group, the anemIa of the less severely anemIC
chI1dren had more reverSIble effects and that theIr re
sponse to therapy was concealed m these data The real
Ity of thIS suggestIon cannot be assessed
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Concluswns Thus agam the baselIne aSSOcIatIOn of IDA
With lower cogmtIve test scores IS confirmed, but there IS
no evIdence of a causal aSSOCIatIon, given the failure of
therapy to Improve performance If the aSSOCIatIOn IS
causal, then eIther longer treatment IS needed or the ef
fects are IrreversIble In support of a causal hypotheSIS,
the authors dId go to some trouble to assess the mvolve
ment ofpotentIally confoundmgvanables and found that
the expenmental groups were not dIfferent m bIrth hIS
tory, SES, or general nutntIOnal status Maternal educa
tIon was not assessed

Other There IS reference to anImal studIes and how these
may help to explam a failure to Improve development af
ter therapy

7 Lozoff et al (1982b)* Key Words
Guatemala, age 6-24 months, IDA, 1 week of
therapy, BSID, deSIgn bnefmterventlOn,
randomIzed, double blmd WIth placebo and
nonanemIc controls

Importance This second report ofthe Lozoffet al 1982c

[Ref6] study descnbed above IS Important m that It de

tails analySIS performed to determme whether lower de

velopmental test scores and therapy responses are the

same across age subgroups WIthm therr ongmal sample,
which spanned a large age range

Baselme At baselme, lower PDI scores were present

and the same across all age subgroups, however, the
poorer performance on MDI only emerged m the 19-24
months group (the oldest subgroup) Furthermore, and

very Importantly, the authors observed that WIthm thIS

subgroup the more severe the anemia, the poorer the

performance on the developmental tests

Further analySIS revealed patternmg on the developmen

tal scales the anemIC mfants had dIsproportIonate dIffi
culty With language Items, a trend observed by Walter et
al 1989 [Ref 14], and the 19-24 month-old children
conSIstently failed 11 of the 12 Items taken to predICt

later IQ

Follow-up No treatment effect, speCIfic to an age sub

group, was found WIthm PDI All mfants With lower scores

failed to Improve after one week oftreatment The Iron

treated mfants With lower scores at baselIne on MDI also

dId not Improve after treatment

ConcluslOns There are two mterestmg ImplIcatIons of
thIS study FIrst, the results agree With the observatIOn by
Lozoff et al 1987 [Ref 13] m that PDI scores will suffer

With less severe anemIa An mterestmg ImplIcatIon IS that
poorer motor performance may medIate poorer cogmtIve
performance, haVIng occurred earlIer durmg the less se
vere stages ofanemia Second, eIther the absolute tImmg
ofthe hematolOgiC defiCIt or the duratIOn and seventy of
the anemia seem to be CruCIal factors m determmmg
whether children will show lower cogmtive test scores
The older IDA children showed SIgns of bemg under
nounshed, suggestIng that therr anemIa may have lasted
longer Comparmg thIS study With the Lozoff et al 1987
[Ref 13] study, where all the subJects were of an age
SImilar to the dIfferentIally lower-sconng subgroup de
scnbed here and only the moderately anemIC children
showed poorer performance on MDI, the suggestIOn
seems to be that It IS the nature ofthe anemIa rather than

the absolute age ofthe child that IS Important

8 Lozoffat al (l982a) *Key Words Guate
mala, age 6-24 months, IDA, 1 week oftherapy,
BSID, deSIgn bnef mterventwn, randomIzed,
double blmd wtth placebo and nonanemtc
controls

Importance ThIS IS the thIrd report of the Lozoff et al
1982c study [Ref 6] The report deserves partIcular at

tentIOn because the IBR ratIngs of the subJects are dIS
cussed

Baseltne The IDA subJects were more fearful, showed
mcreased body tenSIOn and decreased gross body move

ment, were less responSIve to the exammer, were less
reactIve to ordmary stImulI, and tended to be less perSIS

tent These patterns were pnmarily m the 19-24 month

age group, and they are very SImilar to the behaVIoral
effects reported elsewhere (see the reVIew by Demard
et al 1981 [Ref 1])

Follow-up These behaVIoral dIfferences dIsappeared
after treatment except for the elevated fearfulness The
change could not be attnbuted to treatment, however,

because Iron- and placebo-treated mfants showed the
same reversal

ConcluslOns The study demonstrated an adverse ef
fect of IDA on mfant behaVIOur, but m contrast to the
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studybyOskI and HOnIg (1978 ) [Ref5] where parenteral

Iron was given, the effect was not reversIble after short

term oral iron treatment At thIS tlme, they suggest the

ffifferent results might be because the response times to

oral and parenteral Iron therapyffiffer The possibility that

the observed dIfferences m behaviOur at baselme were

due not to Iron defiCiency but to some other mtervenmg

vanable is rejected because there were no charactenstics

whICh dIffered between the groups whICh could explam

the results

Other The authors offer a short, clear ffiscussiOn of the

possIbly mediatmg relation between behaViOral effects

and poorer performance on test ofdevelopment

9 Walter et al (1983) >(- t Key Words
Chtle, age 15 months, IDA and ID, 10 days
of therapy, BSID, deslgn bnef mterven
tlOn, double blmd, wlth nonanemlC control

Importance ThIs study is important m ItS direct com

parIson of the effects of IDA With those of ID

Deslgn A double-bOOd Iron-treatment-only mtervention

was used m IDA, ID, and nonanemIC control children

Baselme The IDA children scored SIgnIficantly lower

on MDI and were rated as more unhappy than the

nonanemIC control group, the IDA children ffid not score

lower on PDI Although the authors claSSify the anemia

m the IDA children as mild, thIS claSSIfication is pOSSIbly

mcorrect because at least some of the children had Hb

levels below 10 0 gldL There were no SignIficant dIffer

ences m MDI or PDI at baselme between children With

ID and non anemIC controls

Follow-up After 10 days of Iron treatment, IDA mfants

lillproved sigmficantly on MDI, and thIS Improvement
comCided With an lillprovement m cooperativeness and
attenTIon span No smular unprovement was found m the
nonanemIC group, and unprovement was onlyseen m IDA
chIldren With two or more abnormal biOchemICal mea

sures of hematology at baselme None of the groups

showed unprovement on PDI

ConcluslOns ThiS study confirms the baselme aSSOCia

tiOn of imparred hematology and lower developmental

scores and suggests that IDA, but not ID, will result m

detectably lower developmental scores ThiS contradICts
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the findmgs of Demard et al (1981) [Ref 1] It may be

suggested that ID was shown to be associated With poorer

performance on tests of development, because mfants

With two or more abnormal biOchemICal measures lffi

proved m developmental measures even though they ffid

not show relatively lower scores at baseOOe

If these data are valId, the ImplIcatiOns of the score

changes, after only 1 week of treatment, are that the

lower scores are attnbutable to Iron defiCiency rather

than speCIfically to anemIa and that the locus of the ef

fect is probably at least attentiOnal or behaViOral ThIS

latter suggestiOn receIves support from the comCident

behaViOral effects and the behaViOral response to therapy

(see the reView by Demard et al (1981) [Ref 1]) for a hst

of papers reportmg sunilar IBR pattemmg)

No placebo group was mcluded m the study deSign The

short-term unprovement observed maybe attrIbuted to a

practice effect rather than a therapeutic effect The lack

of unprovement m the control group may be due to a

ceI1mg effect Because no follow-up assessment of he

matologywas performed, It IS lillpossible to conclude that

Iron mtervention and subsequent hematolOgiC correction

was responSIble for the developmentallffiprovements

Therefore, although a baseOOe aSSOCiatiOn between IDA

and lower developmental test scores (and pOSSIbly be

tween ID and developmental test scores) is confirmed,

the UnIque effect ofIron treatment IS not shown

10 Osh et al (1983) t Key Words USA,
age 9-12 months, ID, 7 days oftherapy, BSID,
deslgn bnefmterventlOn, double blmd, Wlth
nonanemlC control

Importance Because ofOskI and Homg's 1978 study [Ref

5], whICh demonstrated a causal relatiOn between IDA
and lower cogmTIve test scores, the authors conducted
thiS study to assess the extent to whICh ID is also assoCi
ated With these lower scores The results should be com
pared With those of Demard et al (1981) [Ref 29] and
those of Walter et al (1983) [Ref 9], who ffirectly com

pared the effects of IDA and ID

Deslgn The study was a double-bOOd mterventiOn, With

Iron-depleted and nonanemIC ID subjects, matched for

color and sex, and who receIved 1M treatment for only 7

days There was no placebo control
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Baselme At baselme, there were no slgmficant dIffer
ences between the groups, suggestmg that neIther Iron
depletIOn nor ID IS suffiCIent to cause mfants to score
lower on developmental tests than nonanemlC control
subJects ThIS contradIcts Walter et al's (1983) [Ref9]
findIngs ofa baselme assoClabon but agrees With Walter
et al 's negabve findIng for ID children

Follow-up After 7 days of treatment, however, MDI

scores for ID chIldren unproved sIgmficantly and sug

gested, that thIS group had been performmg subopumally

at baselme Because no placebo group was mcluded, It IS

possIble that thIS unprovement was due to a practlCe ef

fect

The authors note that theIr findIngs regardmg the short

term effects ofIron treatment dIsagree With sunilar stud

1es by Lozoff et al (1982b,c) [Refs 7,6] m Guatemala

They suggest that theIr posltlve treatment effect after
only 1 week may have been attnbutable to the use of

parenteral Iron admtmstratlon As dIscussed above, thIS
posSlblhty was subsequently reJected by Lozoff et al
(1987) [Ref 13] In the Lozoff et al (1982) [Refs 6-8]

studIes, the children were ID rather than IDA

Conc1uslOns The unphcatlon of thIS study IS that treat
ment ofID may lead to unproved performance on MDI

Other There IS a good dISCUSSIOn of bIOchemiCal
mechanIsms

11 Lozoff et al (1985) >(- Key Words
Guatemala, 6-24 months, IDA, IBR ofBSID
(focusmgon TestAftectandTaskOnentatlOn
factors), deSIgn bnefmtervenuon, doublebhnd,
randomlZed, Wlth placebo andnonanemIC
controls

Importance Tills IS a fifth report on the study conducted

m Guatemala by Lozoff and collaborators ThIS report

explores the assoCIabon between poor developmental test
scores and abnormal behaVIOrs documented m children

With IDA Spectfically, the authors mvestlgated whether
poor developmental test performance m mfants With

IDA may be medIated by dIsturbances m affectlve be
haVIOr

DeSIgn ThIS study was a double-blmd, mterventIOn tnal

companng IDA mfants With nonanemlC control mfants

recrmted from a socl0economlCally homogenous, Im
povenshed area of Guatemala The mfants m thIS study
were randomly aSSIgned to receIve treatment or placebo,
although the analySIS documented m thIS report focused
mamly on baselme data Infants were assessed on the
mental and motor scales of the BSID as well as the IBR,
and the extent to whlCh mdlVlduals manifestmg abnor

mal behaVIors, With lower MDI or PDI scores, was de

termmed

Baselme A greater proportIOn of anemIC than

nonanemiC mfants showed abnormal affectlve responses

to testmg, they were more fearful, tense, restless, With

drawn from the exammer, and unhappy The mfants

demonstratmg abnormal affectlve behaVIors were also

the mfants With profoundly lowered MDI scores, ane

mlC mfants who dId not rate abnormally on the IBR dId
not show sIgmficantly lower MDI scores

DespIte the age effect descnbed by Lozoff et al (1982b)

[Ref 7] for these mfants, affectively abnormal mfants m
all age groups tended to receIve low MDI scores Lozoff
et al descnbe a seventy effect such that the greater the

number of abnormal affectlve behaVIors demonstrated
by the mfant, the lower the MDI score

Lower PDI scores were found m IDA mfants demon

strabng abnormal affect, but tillswas completelyaccounted
for by the mfants who also demonstrated abnormal task

onentabon Interesungly, although Hb level was dIrectly
related to the extent ofbehaVIoral dIsturbance, It was not

SImilarly dIrectly related to MDI score

Follow-up Because ofthe small number ofmfants With

abnormal behaVIor who also receIved Iron treatment, a

conclUSIon cannotbe drawn from tills study regardIng the

effects ofshort-term oral Iron therapy on behaVIOr The

mdIcatl0n IS that there IS no treatment effect after 1week

and that repetltIOn oftestmg leads to Improved behaVIor

m the affectlVely dIsturbed IDA mfants and a greater

Improvement than found m the affectlvely dIsturbed

nonanemlC control subJects Also mterestmg IS that the
mfants who Improved theIr IBR rabngs also unproved
theIr MDI scores No such Improvement was found m
PDI scores

Conc1uslOn ThIS study prOVIdes strong eVIdence that

IDA IS assoCIated With IBR abnormalltles and lower de

velopmental test scores Furthermore, the close covanabon
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els, and the differentlal MDI Improvements after 1 week
of treatment mdIcate that behavIOral dIsturbances may

medIate poor developmental performance Although

statIstICal mvestlgatlon revealed no mvolvement of po

tentlally mtervenmg vanables, WIthout findmg a treat

ment effect It cannot be concluded that abnormal be

haVIOr IS caused by anemIa

Other There IS good dIscussIOn of the similantles be

tween the findmgs ofthIS study and ofothers (pnncipally
those studIes hsted m the reVIew ofDemard et al (1981)
[Ref 1])

12 Aukett et al (1986)* t Key Words UK,
age 17-19 months, IDA, 2 months of therapy,
Denver developmental screenmg test for
psychomotor development, destgn extended
mterventwn, randomtzed, double blmd, wtth
placebo control

Importance The study assessed whether the well-reph

cated baselme assoclatlon of IDA WIth lower develop

mental test scores was causal

DeSIgn A double-blmd mterventIOn deSIgn WIth placebo

control was used IDA children were treated for 2 months

Baseltne No nonaneffilC control group was mcluded and

baselme scores on the Denver Developmental Test are
not reported so thIS studycannot confirm the hypotheSIs
that IDA mfants show poorer test performance than do

theIr nonaneffilC counterparts

Follow-up After 2 months of treatment, 58% of the
children WIth hematolOgiC Improvement ofgreater than 2

gldL dId not mcrease theIr developmental score by the
expected amount However, more of the children who
showed hematolOgiC Improvement mcreased theIr scores
by the expected amount than dId children who dId not
showsuch hematolOgiC Improvement

Concluswns Although the study prOVIdes some eVIdence
that the aSSOCIatIOn between IDA and cogrutive develop
ment IS causal, the eVIdence IS not conclUSIVe because
neIther the developmental test nor the use of a 2 gldL
response as a cntenon for effectlve treatment has been
used m any other study

Other ThIS study also conSIders weIght veloCity as an
outcome measure, and there IS a very useful table mcluded
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that compares this study WIth preVIOUS studIes

13 Lozoffet al (1987)* t Key Words Costa
Rtca, age 12-23 months, IDA, ID, and tron
depletton, 1 week and 3 months oftherapy,
BSID, destgn bnefand extended penod
mterventton, randomIzed, double blmd,
partIally placebo controlled, WIth nonanemtc
control

Importance ThIS IS an Important study because It mves

tlgates how much the seventy ofanemIa alters the devel

opmental outcome In partIcular, the results should be

compared WIth those of Walter et al (1989) [Ref 14],

who also mvestlgated the eXistence of a dIfferentIal de

velopmental effect as a functIOn of the speCIfic level of

anemIa Other studIes descnbed above have also com
pared anemIa WIth ID and WIth varIOUS seventIes ofane
mIa (e g, see Demard et al (1981) [Refl] and Walter et
al (1983) [Ref9]) ThIS paper IS also Important for two
other reasons FIrst, It compares 1M WIth oral Iron

therapy OskI et al (1983) [Ref 10] found a treatment

effect after I week WIth 1M therapy, m comparIson WIth

studIes such as that by Lozoffet al (1982c) [Ref6] where
no oral Iron effect was found after the same amount of
tIme OskI et al (1983) [Ref 10] suggested that thIS dIf
ference may have been due to dIffermg methods of Iron

admImstratlon Second, the authors undertook to as
sess the role of coeXIstlng vanables, such as low SES, m

the etIOlogy ofthe lower developmental test scores asso
Ciated WIth IDA

DeSIgn The study was a double-bhnd mterventIon, WIth
IDA, ID, Iron depletlon, and nonamemiC control children

randomly asSIgned to receIve treatment or placebo for

the first week, WIth some children aSSIgned to 1M treat
ment and others to oral treatment After the first week,
all preVIously1M-treatedchI1dren and all nonaneffilC con
trol children were given a placebo for 12 weeks All pre
VIously Iron-defiCient children given oral Iron were con
tmued on oral Iron, WIth no placebo-control, for the same
tlme

Baseltne At baselme, onlythe IDA children demonstrated
poorerdevelopmental test performance Withm this group,
lower PDI scores were found m the entlre group (Hb
10 5 gIdL), regardless ofthe seventyofthe anemIa How
ever, lower MDI scores were only to be found m the mod-
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eratelyanenuc children (Hb 10 0 gldL)

There was patternmg on the MDI and PDI scales com
parable With that found by Walter et al (1989) [Ref 14]
IDA children conSIstently faded the showmg-shoes Item,
m the 12-14-month age group, the IDA children had
pamcular dJ.fficultywaJkmg alone, standmgfrom SIttmgor
bemg supme, and standmg on left foot

Follow-up After 1 week of treatment, there were no
dIfferences between the orally and parenterally treated
children, m contrastto ask! et al (1983) [Ref 10] After
1 week, all children lffiproved on MDI scores regardless
ofthelf Iron status or whether they receIved Iron or pla
cebo

After 12 weeks of therapy, the Hb level of most of the
moderatelyanenuc chlidren was not corrected, and these

children illd not lffiprove on eIther MDI or PDI The chil
dren whose Hb level was corrected (prlffiarily the mildly
anemIC children) had no MDI Improvement, but there
was a PDI lffiprovement

Concluswns The study prOVides eVidence that com
pared to nonanemlC controls, children With mild anemIa

(Hb 10 5g/ell) will perform poorlyon tests ofpsychomo
tor development whereas more severe or longer-term

anemia (Hb 10 0 gldl) IS requlfed before effects on men

tal funchonmg will be seen ThiS maypomt to a meillatmg

role of psychomotor illsturbances m cogmtlve develop
ment, 1M lfon does not illffer from orallfon treatment m

ItS effects after 1 week, lffiprovements after 1 week are

probably attnbutable to a practice effect, whereas a ben

efiCIal hematologic and developmental effect of longer

therapy rehes on the mitIal anenua bemg nuld, when ane

mIa IS moderate, mental functIOnmg as well as psycho

motor functIOrung IS affected and does not seem to be
reversIble

Unfortunately, because ofthe lack ofan appropnate pla
cebo control, after the first week, for compansons ofthe

performance of the IDA orally treated mfants and be
cause no mtergroup compansons are reported, the
umque effect ofIron treatment still cannot be concluded
from thIS study

Other The paper offers a good dIscussIOn of the related
findmgs ofother authors

14 Walter et al (1989) *Key Words Chlle, ages

12 and 15 months, IDA and ID, 3 months of
therapy, BSID, deslgn bnefand extended
mterventwn, double blmd, wlth pamal placebo
control and nonanemlC controls

Importance ThIS study IS to be compared With those of
Lozoff et al (1987 and 1982b) [Refs 13 & 7] because It
mvestIgates the eXistence of a dIfferential effect on de
velopment as a function of the specIfic seventy or dura
tion of anemIa Furthermore, certam specIfic areas of
dIfficulty on MDI and PDI reported elsewhere are reph
cated and, agam, there IS clear eVidence ofIBR pattern
mg

Deslgn IDA, ID, and nonanemiC control chlidren were
assIgned to receIve treatment or placebo for the first 10
days, after whlCh tlffie all children receIved Iron treat
ment for 3 months Hematologic assessment was at ages
9 and 12 months and the first developmental assessment
was at 12 months Treatment then recommenced for 3
months and the final developmental assessment was at
15 months All developmental assessments were reViewed
as a functIOn ofhematology at 9 months, thus It was pos
SIble to dlstmgmsh children who had been anemlC for at

least 3 months from those who had become anemlC m

the last 3months

Baselme At the first developmental assessment, IDA

children had lower MOl and POI scores than dId the

nonanemlC control children, With no slffiilar lowenng of

scores eVident m the ID children SpecIfically, mfants had

dJ.fficulty on Items requmng language comprehensIon (as

m Lozoffet al (1982b) [Ref7]), vocahzatIon ofbisyllablC

words, shOWing shoes, clothmg, or own toy, sIttmg from

standmg, standmg and walk1ng alone, standmg from SIt
tmg, and standmg on the left foot (slffiilar to Lozoff et

al (1987) [Ref 13]) The IDA mfants also illffered from

the others on responSIveness to exanuner, other people,

and mother, general emotional tone, test affect and task
onentatIon, goal directedness, attention span, actIVity,

vocalrzatIOn, and body motion ThIs patterrung was SImI
lar to that found m the studIes hsted m the reView by
Demard et al (1981)

Importantly, the authors found that MDI and PDI scores
were lower for all children With Hb less than 10 9 gldL,
and that the children With the lowest Hb values also had
the lowest MDI scores, whlCh were also lower than those
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of other less anemIC chIldren ChIldren who had been
anemIC for at least 3 months were generally more se
verely anemIC and were also the children whose test

scores were affected the most The hemoglobm level at
whICh effects on mental development are observed are

remarkably slffiIlar between thIS study (Hb 10 5 to 10 9

g/dL for MDI and PDI g/dL) and that of Lozoff et al

(1987) [Ref 13] where effects on MDI and PDI were ob

served m chIldren whose Hb was less than 10 0 g/dL and
10 5 g/dL, respeCtively

Follow-up As m the Lozoff et al (1987) study [Ref 13]
and others, after only 10 days of treatment, all groups

had Iffiproved theIr MDI and PDI scores After 3 months
of treatment, there were no changes m any of the

chIldren's BSID scores (mcludmg IBR), With IDA chIl

dren still scormg low on the language and psychomotor
Items hsted above

ConcluslOns The baselme assoCiation of Iron and devel

opment was agam confirmed, With further support for
the View that the SIze of the dIfference m test scores

between IDA and nonanemIC control chIldren reflects

the duration or seventyofthe aneIllla However, the causal

hypotheSIs receIves no support from thIS study perhaps
because the assocIation between IDA and development
IS not causal, or because 3 months oftherapy IS not long
enough, or because the effect IS IrreversIble

15 IdJradmata and Pollttt (1993) * t Key
Words Indonesla, age 12-18 months, IDA and
ID, 4 months oftherapy, BSID, deszgn extended
mterventlOn, randomzzed, double blmd, Wlth
placebo and nonanemzc controls

Importance ThIS IS a very Important study because It IS

the first to use a placebo-control for an extended penod
oftreatment

Deszgn ThIS was a double-bhnd mterventlon tnal With
IDA, ID, and nonanemlC control subjects randomly as
SIgned to receIve treatment or placebo for 4 months The
authors made a concerted effort to match theIr subjects
for confoundmgvanables

Baselme At baselme, the well-documented aSSOCIatIOn
between IDA (not ID) and lower scores on tests ofdevel
opment was rephcated, With IDA chIldren sconng lower
than ID and nonanemIC control chIldren on MDI and
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PDI

Follow-up After 4 months of treatment, the Iron-treated

IDA chIldren Improved sIgmficantly more than the
nonanemIC group m MDI and PDI Basehne dIfferences

between these groups were ehIlllnated

Concluszons The hypotheSIS that the aSSOCIatIOn be

tween Iron and development IS causal receIves strong

support and, agam, It seems that the only detectable ef
fect IS to be found m IDA and not ID chIldren ThIs IS the
first study to show that pooerer PDI and MDI test per
formance m mfants IS reversIble followmg 4 months of

Iron treatment There IS a need for the results to be reph

cated

Other The authors offer a short dIscussIOn of the ways

m whICh poorer psychomotor performance may medIate

poorercogmtIve development

16 Lozoffet aI, (1996b) * Key Words Costa
Rzca, age 12-23 months, IDA, 6 months of
therapy, BSID & IBR, deszgn extended double
blmd mterventlOn, nonanemzc controls ran
domly asszgned treatment or placebo, IDA
treated

Importance ThIS study was conducted to rephcate the
findmgs ofId]radInata and Pollitt (1993) [Ref 15] How
ever, for ethICal reasons, the authors dId not randomly
aSSIgn the IDA group to treatment or placebo There
fore, the two study deSIgns are not directly comparable

Deszgn ThIs was a double-bOOd mterventIon tnal m which

the IDA group receIved oral Iron treatment for 6 months
and the nonanemIC controls were randomly assIgned to

treatment or placebo BSID and IBR were assessed at

baselme and repeated 3 and 6 months after the start of
treatment

Baseltne IDA mfants scored sIgmficantly lower (mean
6 1pomts) than the nonaneIlllC controls on the MDI There
was no sIgmficant dIfference on the PDI On the IBR,
IDA mfants were sIgmficantlymore fearful, unhappy and
heSItant With the exaIlllner

Follow-up ChIldren who receIved treatment showed a
good hematological response The dIfferences observed
at baselme m MDI between IDA and nonanemiC con
trols were still present at the 3 and 6 months follow-up
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There was no change m POI The IBR of IDA chIldren
lffiproved sIgnIficantly more than that ofthe nonanemIC
controls such that the miTIal dIfferences were no longer
present after 6 months oftreatment

Concluswns IDA chIldren scored sIgmficantly worse at
baselme on the IBR ratlng and MOl but not POI Iron
treatment dId not SIgnIficantly lffiprove the MOl ofchIl
dren but It dId lead to aSIgnficant lffiprovement m the IBR
ratmg However, m thIS study, the lffiprovement m IBR
could not be consIdered a drrect result of treatment be
cause there was no IDA placebo group With whIch to
compare results

Other The paper proVIdes a good dIscussIOn of the ef
fects of IDA on MOl, POI and IBR and gives several
hypothesIses as to why benefits from treatment are not
conSIstently observed

Short-term Effects: Preventative
Trials

17 Heywood et al (1989) t Key Words
Papua New Gumea, age 1 year, IDA, one
tron dextran mJectwn at 2 months, total
and mean fixatwn ttme, habttuatwn, and
dtshabttuatwn tested, destgn extended
mterventwn, randomtzed, double blmd,
wtth placebo control

Importance The prlffiary lffiportance ofthIS study IS that
It IS the first tnal to mvesTIgate the benefits to mfants from
preventmg IDA PreventatIve tnals permIt the mvesTIga
TIon ofthe causalIty ofthe relaTIOnShIp between IDA and
development m CIrcumstanceswhere benefits ofIron treat
ment have not been observed The study also measured
speCIfic funeuons WIthm attenTIon rather than more global
measures of development

Destgn ThIS study was a double-blmd randomIZed pre
ventaTIve trIal ofIron supplementaTIonand placebo m IDA
mfants, With no nonanemIC control group mcluded At
age 2 months, the chIldren were randomly assIgned to
receIve 1M eIther Iron dextran or placebo, and the ef
fects of thIS supplementatIOn on hematology and atten
tIon were assessed at 1 year

The number of fixatIOns and total fixatIOn tlffie were as-

sessed, as well as rates ofhabItuaTIon and dishabituatIon
AhIgher rate ofhabItuatIOn IS thought to reflect the rate
at whICh an mternal model of a STImulus IS acqUIred
DishabituaTIOn rates are thought to measure schema ac
qUISITIOn

Follow-up The results of thIS study are confused by the
presence ofmalana mfectIOn, whICh mteracted With Iron
status m the treatment group when attentIOn scoreswere
assessed The mam result of thIS study was that
aparasIte1lllC IDA mfants who receIved Iron treatment
had rugher total fixaTIon tlmes than dId aparasitaemIC IDA
placebo-treated mfants, suggestIng that Iron treatment
leads to longer VISUal exploraTIon of stlmuII Iron treat
ment dId notebmmate ane1llla, although ItdId SIgtnficantly
lffiprove the Iron status of the treated chIldren m the
aparasitemIC group There was no eVIdence ofa relatIOn
shIp between SOCIoeconomIC vanables and thIS measure
ofattenTIon

ConclUSlOn There IS some eVIdence that preventmg IDA

In Infants can result In a benefiCIal effect on attentIOn
However, the results are confounded by the concurrent
effects of malana on the Iron status of chIldren m thIS
study The results are mterestlng m the lIght of reports
from other studIes, usmg more global measures, ofdIffi
culTIes on attenTIonal Items (ReVIew by Demard et al
(1976) )

18 Moffatt et al (l994)t Key Words
Canada, 2-15 months, at nsk ofIDA, 13
months of tron-forttfied mfant formula, BSID,
destgn preventatwe tna~ double-blmd, ran
domtzed, wtth placebo-control

Importance ThIS was a well deSIgned preventatIve tnal
where chIldren's Iron status was manIpulated from age 2
months All chIldren came from the same dIsadvantaged
background and dId not dIffer soclOdemographIcallyorm
the amount ofstlmulation avaIlable to them as measured
by the HOME Inventory An aSSOCIatIOn was demon
strated between Iron defiCIency and POI WithOUt anyef
fect on cognItIOn Thus, It IS pOSSIble that motor dIstur
bance precedes and may cause cognITIVe dIsturbance

Destgn ThIS was a double-blmd, randOmIZed, prospec
tIve Iron status manIpulatIon, where mfantsat age 6months
were randomly aSSIgned to receIve eIther Iron fortIfied
mfant formula or regular formula The fortIficaTIon was
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contmued until age 15 months, With hematologIC and

developmental assessments at ages 6, 9,12, and 15 months

Results There were sIgmficant hematologic dIfferences

between groups at all ages No dIfference on MDI or
IBR was found between the groups at any age At ages
6 and 15 months, there were no mtergroup PDI dIffer

ences, but at ages 9 and 12 months there was a dechne m
the PDI scores ofthe regular-formula group, makIng their
scores SIgnIficantly lower than those ofthe Iron forufied
formula group

Concluswns The prospective nature of thIS study and
the randOlllizmg procedure mmcate that strongsupport IS

leant to the hypotheSIS that the assoCIatIOn between IDA

and motor dIsturbance IS causal The lack of dIfference

between these groups on potentiallymtervenmg varIables

also supports thIS hypotheSIS The fact that, at age 15

months, the 9- and 12-month PDI score mfferences had

msappeared suggests that the developmental effect as
SOCIated With IDA may be tranSItory

19 Lozoffet al (personal commumcatlOn,
1996a) Key Words Chtle, 6-12 months, IDA, 6
months ofsupplemental tron, BSID, destgn
preventattve mal, double blmd, randomIZed,
wtth placebo control

Importance ThIS abstract descnbes another preventa
tive tnal that, hke Moffet et al (1994) [Ref 18], used a
strong experrrnental desIgn to mvestigate the nature of
the relaTIonship between Iron and cogmTIon m mfants The
studIes are comparable except that Moffatt et al (1994)
[Ref 18] looked at mfants m a very rrnpovenshed area of
Canada, whereas m thIS study, the mfants were from less
rrnpovenshed homes m Chlle

Destgn ThIS was a randomIzed, double-blmd, placebo
controlled preventaTIve tnal, m whIch 944 healthy Chilean
6-month-old mfants, With normal Hb levels from SImI
lar SOClO-econormc backgrounds and With SImilar an
thropometrIC status, were randomly aSSIgned to receIve
supplemental Iron or no added Iron until age 12 months
At age 12 months, the mfants' hematolOgiC status was

assessed for a second trrne and all mfants completed the
BSID

Results At age 12 months, fewer ofthe Iron supplemented
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children were anemIC and fewer were Iron defiCIent How

ever, the supplemented chlldren md not have hIgher BSID
scores

Concluswns There IS no conclUSIve eVIdence of a benefit

to chIldren's development resultmg from preventmg

IDA These results are m contrast to those ofMoffatt et

al (1994) [Ref18] where the populaTIon was more SOCIO

economICally msadvantaged Lozoff et al state that the
lower BSID scores observed m IDA mfants may result
from factors other than IDA, mcludmg enVIronmental
chsadvantage, lack ofbreast-feedmg, bIrth weIght ofless
than 3 kg, IDA onset before 6 months or after 12 months,
or IDA lastmg longer than 6 months

A failure to find a protectIve advantage of prophylactIC

Iron treatment maybe onlybe m SItuatIons where mfants

are already at nsk ofother bIOlOgical, SOCIal, or enVIron

mental stressors that are mamfested by ID or IDA

lL.ong..l:elll"m Effects: Observational
Studies

20 Paltt et al (1985) * Key Words Israel,
chIldren 0 to 10-13 years, questlOnnmre based
on the Shaefer Classroom Behavwr Inventory,
supplemented wtth learnmg achtevement Items,
deSIgn observatlOnal, double blmd

Importance ThIS studyassessed the effects ofIDA ex:pen
enced at age 9 months on the educatIOnal achievement
and behaVIor of school children aged 10-13 years Be
cause thIS was a longitudmal prospective study and not
a preventatIve tnal, the subjects who were anemIC at age
9 months are very lIkely to have dIffered from the
nonanemIC control group for other varIables other than
Iron status However, as With the PaltI et al (1983) study
[Ref 23], care was taken to assess the extent to whICh
any chfferences m test scores were attnbutable to mter
venmg vanables Because the children were momtored
yearly after the first year of lIfe, the pOSSIbility IS greatly
reduced that educaTIonal achIevement and behaVIor at
school IS a functIon ofsome mtervenmg penod ofanemIa
rather than anemIa m the first year

DeSIgn Although mfants With Hb less than 11 gldL at
age 9 months receIved Iron treatment to correct their ane
mIa, thIS study mvesTIgated the aSSOCIatIOn between Iron
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status before treatment and school performance and be
haVIOr at school It chd not assess chfferences between
treated and untreated duldren when they were mfants or
when they were of school-age Therefore the study IS
classed as observatIOnal

Baselme After maternal educatIOn and the sex of the
chIld were controlled for, IDA chIldren scored lower than
nonanemIC control chIldren on educanonal acmevement
and on pOSItIve task onentatIOn, but there was no effect
on neganve task onentanon or on mood Maternal educa
non and the sex ofthe child also contnbuted to learnmg
achIevement, task onentatIOn, and mood score

Concluswns The authors conclude that although ma
ternal educanon IS still the smgle best prechctor of the
chlid's acmevement on development and mtelligence tests,
IDA m mfancy IS also slgmficantly assocIated With poorer
performance m the school years The hypotheSIS that iron
status m mfancy IS associated With long-term effects on

school performance and behavIOr receIves support That

the assoCIation IS causal IS unclear for two reasons FIrSt,

although the mvolvement ofpotentiallymtervenmg varI

ables was assessed, the chOIce of maternal educatIon as

the only mdICator of SES may have been madequate

Second, there was no analySIS ofthe results ofgIVmg iron

treatment

Other BIOchemICal mechanIsms, the finchngs ofstudIes
ofIDA m anlffials, and clmlcal and pubhc health Iffiphca

tIons ofthe findmgs to date are chscussed

21 Wasserman et al (1992)* Key Words
Yugoslavta, age 2 years, Hb levels, some
IDA, prospecttve study, MDI subscale of
BSID, destgn observattonal

Importance One of the key features of thIS study IS ItS
comprehensIve assessment of the role ofvanous poten
tIally confoundmg vanables (mcludmglead exposure) m

the development ofmfants and young chIldren

Destgn In thIS prospectIve study MDI scores, lead mea

surements, and Hb measurements were taken at ages 6,

12, 18, and 24 months The number ofchIldren anemIC at

each tlme and the extent of their anemIa are not stated,

but the authors noted that Hb values vaned from below

9 0 gIdL to greater than 13 0 gIdL The study assessed

the extent to whICh a 2 gldL decrease m Hb at each tIme

prechcted the MDI decrement observed at 24 months

Results Ethmc group and HOME status accounted for a
great deal ofthe vanance m MDI, but even after control
hng for thesevanables, the authors found that at 18 months,
a 2 g/dL decrease m Hb was a statIStIcally sIgmficant
predICtor of 24-month MDI Moreover, the authors re
port that Hb concentratIOns measured at ages 12 and 18
months were better prechctors ofMDI decrements at 24
months than was the Hb concentratIOn at 24 months
ThIS IS mterestmg gIven the number ofstudIes that con
centrate on assessmg development as a functIon ofcur
rent Hb levels

Concluswns ThIS study Imphes that decreases m Hb
are assoCiated With decreases m MDI (although the ex

tent ofthe anerrna m the chIldren showmg these decreases
IS not given) and that thIS aSSOCIatIOn IS causal, given the
care taken to control for confoundmg vanables Further
more, decreases m Hb levels up to a year before testmg

were better predIctors of MDI decrements than were

Hb decreases at the time of testIng

More mformanon about the Hb values for chlidren whose

Hb decreases predICted MOl decreases IS needed be

fore a defimte statement can be made about the nature of

the aSSOCiatIon bemg observed

Other In general thIS paper IS confusmg m ItS report of

the findmgs, m partIcular It IS unclear about the mean Hb

levels at each tlffie, about when the children became ane

mIC, and about the unlforrrnty and extent ofthe declme m

Hb

22 Hurtado (1995)* Key Words USA, 0-10
years, ID m mfancy, chtldren assessed wtth test
ofcogmttve development, destgn observattonal

Importance ThIS abstract reports on a study where a
dose-response relatIOnshIp between hemoglobm and test
score and an mteracnon between test score, Iron status
and maternal educatIOn was observed

Destgn SubJects were enrolled at bIrth m a nutnnonal

supplementanon program and followed until age 10years

Children's cogmtIve performance was tested at age 10

years to determme chfferences m development between

children who were ID and chIldren who were Iron suffi

CIent m mfancy and early childhood The preCIse deSIgn
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of the study IS not giVen, It IS not clear whether all chil

dren were supplemented or whether there was a placebo

group No report ofa randomlZatlOn procedure IS made
and no mformanon on the SES of the subjects IS giVen

Follow-up At age 10 years, children were assessed With a

test ofcogmnve performance No levels ofstansncal SIg

mficance are reported m the abstract, but the author

states that there were mrucanons ofan mcreased nsk of

dIsability resulnng from ID, espeCIally when It was se
vere, and that addinve mteracnons With maternal educa
non were also observed

Concluswns ThIS IS a potennally CruCial study, but more
mformanon IS needed on the exact deSIgn and the data

analySIS WIthOut thIS mformatlOn, It IS still pOSSIble that
the children showmg rusability at age 10 years dId so as a

result offactors other than the presence ofID It IS un
clear whether the children m thIS study had ID or IDA

They are descnbed as ID, but the dose-response relatlOn
reported IS "between hemoglobm and dIsability"

l.ong-term Effects: F'oUow..up of
Intervention Trials

23 Paltl et al (1983)* Key Words Israel,
ages 2, 3, and 5 years, IDA and mtermedl
ate at 9 months, 3 months of therapy,
Brunet-Lezme's Developmental Quotlent,
MILl IQ test, and Wechsler Scale, deslgn
follow-up of prevlOUS mterventlOn tnal

Importance The authors dIsnngmshed between children
who were moderately anemlC and children who were

mildlyanemlC The long-term outcomes for these two
groups ofanemlC children are ofparticular mterest, given
the sturues of Lozoff et al (1987) [Ref 13] and Walter et
al (1989) [Ref 14]

Deslgn Developmental assessments were carned out
at ages 2,3, and 5 years as a functlOn ofHb status at age
9 months Cluldren who had been aneffilC at age 9 months
were gIven Iron treatment, With no placebo control,
whereas the mtermemateand nonaneffilC cluldren receIved
no treatment

Results At the first developmental assessment and then
at 3 years, the mitlally, moderately IDA children scored
lower than dId nonanemlC control children on the Bru-
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net-Lezme and the MILl, respecnvely However, these dIf
ferences were not SIgmficant after maternal educanon and

bIrth weIght were controlled for At age 5 years, however,

the lower scores m the moderately IDA children perSISted,
and thIS tlffie the rufference was sIgmficant even after the

confoundmg vanables were controlled for Because thIS

was not a double-blmd study, It IS pOSSIble that measure

ments were biased m the dIrectlOn of the experlffiental

hypothesIs

Concluswns The strong lffiphcanon IS that anemIa m m
fancy, m pamcular moderate aneffila, will lead to a poorer
performance on tests ofcogmnve development m the long

term

24 Walter et al (1990)* Key Words Chlle,
age 5 years, prevlOusly moderately IDA, ID
before and after therapy, or ID corrected
by therapy, Stanford-Bmet IQ test, an
assessment of fine and gross motor co
ordmatlOn, an assessment of
psycholmgulstlc abtllty, a test of vlsual

motor mtegratlOn, and a preschool educa
tlOnal scale, deslgn follow-up of prevlOUS
mterventlOn

Importance ThIS abstract reports a study that IS a fol
low-up of Walter et al (1989) [Ref 14] No separate

analySIS was conducted as a funcnon of the seventy and

duranon ofanemIa at age 12 months as was done m the
earherstudy

Results AnemlC mfants, at 12 months, scored sIgmfi

cantly lower on IQ, motor scores, psycholmgmsttc Items,
Vlsuomotor coordmanon, and the educatlOnal preschool
assessment even though hematology problems had been

completely corrected earlIer m cluldhood

Concluswns AnemIa was corrected m mfancy yet lower
developmental test scores perSIsted Because no assess
ment IS made ofwhether or not the children mduded m
the follow-up had been anemIC between the two devel
opmental assessments, the lower scores here may have
been due to a further penod ofaneffila later m childhood
It IS at least hkely that, If a child's enVIronment early on
mfluences whether or not the chUd will become anemIC,
contmumg to hve m such an envrronment means con
tmued nsk of anemia Therefore firm concluslOns can
not be drawn about the long-term developmental nsk
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to children anemIC m mfancy, although thIS study does at
least suggest that these nsks are to be taken as a senous

possIbilIty

25 Lozoffet al (1991)* Key Words Costa Rlca,
age 5 years, IDA m mfancy, psychoeducatwnal
measures, a test ofVlsual motor mtegratwn, the
Draw a Man IQ test, a motor profiaency test,
and the Wechsler Preschool and Prtmary Scale
ofIntelltgence, deslgn follow-up ofa prevwus
mterventwn

Importance ThIS paper reports a follow-up of Lozoff et
al's Costa RIca studIes, whIch compared the develop
mental status of children at age 5 years who were eIther
mildly anemIC, moderately anemIC, or nonanemiC at
age 12-23 months

Results At age 5 years, the authors reported all children
to be comparable m terms oftheIr hematology regardless
oftheIr hematologic status at the endofthe preVIOUS short
term study Children who were moderately anemIC m the

earher study and children who were mildly anemIC but
expenenced no hematologic correCTIon scored lower on

tests of development at age 5 years

At age 5 years, children scored lower on all measures

except verbal IQ, VISUal audItory subtests of the Wood

cock test, and the Goodenough Draw a Man test Gener

ally, between-group score dIfferences were greatest on

tasks requrrmg nonverbal skills, VIsuomotor coordmaTIon,
and motor coordmaTIon and less pronounced on tasks re

qurrmg purelyverbal skills

The effects on developmental test scores were strongly

mfluencedbymtervenmgvanables Another problemWith

thIS study, as for Walter et al (1990) [Ref 24J,was the

failure of the authors to mvesTIgate the hematologic hIS
tory ofthe children between the end ofthe preVIOUS study

and the long-term follow-up The reason why children
had perSIstently lower scores at 5 years may not only be
because of theIr hematologic status m early childhood,

but also because theywere subsequentlyanemIC between
studIes As noted above m the reVIew of Walter et al
(1990) [Ref 24], It IS very hkely that the factors predIs-

posmg children to hematologIC ImpaIrment perSIst

Long-term Effects: Preventative
Trials

26 Cantwell (1974)* Key Words USA, age 0-7
years, IDA at 6-18 months, neurologlc evalua
twn and the Stanford-Bmet IQ test, deslgn,
preventatlve

Importance ThIS study IS Important m ItS assessment of
the long-term developmental consequences ofanemIa m
earher childhood

Deslgn ThIS abstract descnbes a prospectIve Iron status
manIpulaTIon study, where the developmental assessment
at 6-7 years was blmd to the Iron status of the child m
mfancy

Results The group of children who had become anemIC

between ages 6 and 18 months showed dIfficulty at 6-7
years With clumsmess m balancmg on one foot, problems
With tandem walkmg, and dIfficulty With repetITIVe hand
and foot movements These motor coordmaTIon problems,

thought to be a long-term developmental outcome ofane

nna ill earher cluldhood, may be seen as parallehng the

dIfficulTIes expenenced by the anemIC children descnbed

by Lozoff et al (1987) [Ref 13] and Walter et al (1989)

[Ref 14] As With many of the studIes of mfants (see

those hsted m the reVIew by Demard et al (1976), the
children m thIS study were also rated as more mattenTIve

Concluswns These results cannot be taken as conclu

SIve proofofthe causal relatIOn between mfant IDA and

long-term poorer performance on tests ofdevelopment

because no placebo group was mcluded, the develop

mental protecTIon apparently afforded the 1M treated m
fants may have resulted from nonspeCIfic factors Fur

thermore, no assessment of other dIfferences between

the groups was reported, eIther at basehne or follow-up,

and WithOUt knowmg whether group aSSIgnment was ran
dOmIZed, mtervenmg vanables such as SES or maternal
educaTIon may account for the dIfferenTIal effect re

ported No staTIsTIcal companson of the IQ measures

was reported
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CHILDREN

(2-5 YEARS)

Summary of Findings

The cogmtive benefits of Iron treatment rn preschool
children are more apparent than rn rnfants The reasons

for thIS are not understood but It may be that the tests
avaIlable for use m older children are mherently more

sensItIve or that preschool children have passed the cntI

cal age at whIch IDA can have long-Iastmg effects

Only five studIes have looked at the effects of ID or IDA

on cogmtIOn rn preschool children and they each have

two notable features FIrst, all are rnterventIOn studies

With an extended penodofmterventIon (2 6 months) com

pared With the studIes of mfants rn the preVIOUS sectIon

Second, rn each study there were repeated attempts to
measure cogmtIve functIon as opposed to development
and to determrne the locus ofa cognItIve effect resultmg
from ID or IDA

Although It IS dIfficult to drawfirm conclUSIOns from the

results ofso few studies, the eVIdence suggests that chil
dren With IDA benefit from Iron treatment m terms of

Improvedperformance on tests ofdIscnmmatIon and odd

Ity learnmglconcept acqmsitIon There may also be be
haVIoral differences m that IDA children are observed to

be more unhappy and less responSIve than Iron-suffiCIent

control children (Dernard et al 1986 [Ref29]) The ma

Jor mfluence ofIDA on preschool children IS thought to
be on attentIon, arousal, and motIvatIon rather than on
basIC cognItIve abilItIes

In three of the five studIes, a battery of tests were de
SIgnedto dIstmgmsh between problems With attentIon and
those With concept acqUIsItIOn DIstmgmshmg between
attentIon and concept acqmsitIon problems IS of par
tICular rnterest because attentIOnal dIfficultIes may con
ceal cogmtive abilitIes rn children Such difficultIes may,
rn the longer term, result m poorer performance on tests
of cognItIve functIOn It IS also possIble that poorer at-
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tentlOn and Irntability are children's reactIOn to tasks be
yond theIr capabilItIes ThIS Issue was also relevant rn the
preVIOUS sectIon on rnfants and young children The type

ofattentIonal disturbances seen rn preschool children have

clear parallels rn the behaVIoral disturbances found rn rn
fants and young children, rn whom differences rn atten

tIon, reactIVIty, and mood on BSID were conSIstently
shown rn children With ID and IDA

As With studIes rn rnfants, WIth preschool children the

benefits oftreatment on attentIOn and cognItIon are seen

only rn children who are rnitIally Iron defiCIent With ane

mia and are not apparent rn children who are 1ll1tIallyIron
defiCIent but not anemIC (see reasons gIven rn rnfants
sectlon)

EVIdence to date IS lImIted but has shown that Improve
ments m attentIOn and cogmtIOn result from Iron treat

ment of children With IDA suggestmg that the relatIOn
ShIp IS causal and that a program rn whICh Iron supple

ments are given to preschool children could be ofbenefit
to children's attentIon and cogmtIve functIOn

Hntervell'll'tion Trials

27 Pollttt et al (1978)* H Key Words

USA, age approXlmately 4 years, ID, 4

months of therapy, attentwn, learnmg, and
memory measured, deslgn extended
mterventwn, double blmd, wlth nonanemlC
control

Importance ThIS abstract descnbes a study of partIcu
lar mterest because It assesses the effects of ID on cog
mtIon, comparrng ID preschool children With nonaneilllC,
controlpreschool chJ1drenbefore mtroducrng Iron therapy
The tests are deSIgned to dIstmgmsh between control pro
cesses and structural capaCIty
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Deslgn This study used a double-bhnd, iron-treatment

only mterventlOn design and looked at the effects ofID
on cogmnon Both ID chlldren and nonanemlC control
children were assigned to receive iron treatment

Baselme At basehne, the ID children performed more

poorly than dtd therr nonanemlC counterparts on tests of
attennon and memory control processes The results m
dtcate that the effect is at the control level rather than m
the capaCity of the structures themselves This contra
dtcts Soewondo etal's (1989) paper [Ref31] wruch con

cludes that the effect is also m the capaCity of the struc
tures themselves and only m chlldren With IDA, not ID

Follow-up After 4 months of therapy, the relatively
poorer performance of the ID group compared to the
nonanenuc control group was no longer apparent

Concluswns ThiS study mdicates that ID is assoCiated
With lower scores on cogmtive development tests m chil
dren of apprmarnately 4 years of age and that perfor
mance returns to an opt1mallevel after at least 4 months
of therapy However, the paper does not report that any

steps were taken to assess the role of potentially mter

vemng variables that may have distmgrushed the two

groups at basehne ThiS, combmedWith the lack ofmclu

Sion ofa placebo group, means that the umque effects of

iron defiCiency and rron therapy on cogmtlOn cannot be

deternuned

28 Pollltt et al (1983)* t Key Words USA,
age 3-6 years, IDA, 3 months oftherapy,
dlsmmmatwn leammg tests, deslgn extended
mterventwn

Importance Trus study's lffiportance probably lies m itS
contradtctlOn ofthe findmgs ofthe studtes by Polhtt et al
(1986) [Ref 30] and Soewondo et al (1989) [Ref 31]

With respect to whether rnfants are sconng lower on

attennonal or concept acqUisinon tasks

Deslgn ThiS study was an mterventlOn tnal where IDA

children were given treatment for 3 months whereas the

nonanemlC control chlldren received no treatment There

was no placebo control

Baseltne As With the Pollitt et al (1978) study [Ref27J,

the IDA children had lower scores than nonanemlC con
trols on tests of dtscrlffimatlOn learnmg, thought to tap

attennonal processes, and also on the attennon based items

of the memory task However, there was no dIfference
m tests ofconcept acqUisinon

Follow-up There was a sigmficant improvement after
treatment m the IDA group compared to the nonanenuc
placebo group m the tests ofdtscnmmation but not m the
tests ofconcept acqUisinon

Concluswn ThiS study suggests that treatment can lead
to improvements m attentlOn However, children did
not expenence structural difficulnes m contrast to the
~tudtes of Soewondo et al (1989) [Ref 31] and Pollitt et
al (1986) [Ref30]

29 Demard et al (1986) t Key Words USA, age
18-60 months, IDA and ID, 6 months of
therapy, BSID or Stanford-Bmet IQ, deslgn
extended mterventwn, double blmd, pamally
placebo controlled

Importance ThiS studywas verywell deSigned yet m con
trast to most studies, no differences between IDA, ID

and nonanemlC controls were observed at baselme m

performance on the MDI or Standford Bmet There was

also no lffiprovement m the IDA or ID group after treat

ment The studywas also lffiportant m itS drrect compan

son of the effects on development of ID and IDA

Deslgn ThiS was a double-blind mterventlOn study With

a nonanenuc controlgroup matched to IDAand ID groups
for maternal educatlOn and, separately, for basehne MDI

scores The IDA group received iron treatment for 6

months, the ID group received treatment or placebo, and
the nonanemlC control group received a placebo

Baselme Overall, the authors reported no differences m
MDI or Stanford-Brnet between the ID, IDA and

nonanemiC control groups at baselme The authors dtd

report that the IDA group was more unhappy and less

responSive than the nonanemlC control group, agam con

firmmg the emergmg pattern ofbehavlOr found m IDA

and ID mfants, young children, and preschool children
(see Demard et al 1981 [Ref 1])

Follow-up After 3 months of therapy, neither the IDA

nor ID group lffiprovedon MDI orStanford-Bmetwhereas

the nonanemlC control children tended to mcrease therr
scores, thus creatmg sigmficant dtfferences between the
nonanemiC control chlldren and the IDAand ID chlldren
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After 6 months oftherapy, the pattern was the same, Wlth

neIther the treated IDA nor the treated ID children Im
provmg theIr MDI or Standford-Bmet scores, and the

control children Improvmg as before

ConcluslOns DespIte the failure to detect baselme cogm

tIOn differences between groups, thIS study supports a
hypothesIs ofan assoClatIOn between Iron defiClency (Wlth

or WlthoUt anemIa) and poorer performance on tests of
cogmtIve development, gIven the failure ofthe IDA and
ID groups to match the Improvements on MDI and
Stanford-Bmet seen m the nonanemIC control group The

authors suggest the lack ofImprovement m the IDA group
could reflect the fact that these children were less test

able despIte repeated testIngs (as reflected m the behav

IOral differences between groups) and perhaps thIS IS be

cause of some IrreversIble behaVIOral defiClt or because

they were more susceptible to adverse envrronmental

condItions such as stress

The absence ofa developmental Improvement m the IDA

and ID groups after 6 months ofIron treatment suggests

that eIther the association between IDA and develop

ment IS noncausal or that the effect IS IrreversIble Be
cause the IDA and ID chIldren were matched to
nonanemIC control children for maternal education and

the control group Improved on MDI at 3 and 6 months,
the failure ofthe IDA group to Improve does not appear
to be a function ofmaternal education but rather because
the effect was not reversIble Wlth treatment

Other The authors offer an excellent dIScussIon of the
findmgs ofother studIes

30 Pollitt et al (1986) >(- t Key Words
Guatemala, age 3-6 years, IDA, 3 months of
therapy, three dIscrzmmatlOn learnmg te:,ts, two
short-term memory tests, and four oddIty
learnmg tasks, deSIgn extended mterventlOn
WIth nonanemlC control

Importance ThIS paper prOVIdes further eVIdence that
IDA children expenence difficulties m the structural or
control processes mvolved m cogmtIOn See also Pollitt et
al (1978) [Ref27] and Soewondo et al (1989) [Ref31]

DeSIgn An mterventIOn tnal comparmg the cogmtIVe
functlon ofID children Wlth nonaneIDlC controls The ID
group receIved treatment for 11-12 weeks CogmtIve func-
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tlon was assessed at baselme and ImmedIately after treat

ment m both groups There was no placebo control

Baselme At baselme, the IDA children needed more

trIals to reach cntenon on the d!scnIDInatIon leammg tests

No differences were found between the groups on odd

Ity learmng / concept acqulSltion or on memory The re
sults mdIcate a difficulty m IDA children m attendmg to
relevant mformatlon ThIS agrees Wlth the Pollitt et al
(1978) [Ref27] and Pollitt et al (1983) [Ref28] studies

and also Wlth the studIes m the Infants and Young Chil
dren category, where IBR pattermng has been found
(Lozoff et al 1985 [Ref 11], Osk! and Homg 1978 [Ref

5], Walter et al 1983 [Ref 9])

Follow-up After treatment, the baselme dIfference m

dIscnmmatIon / attention m the IDA children relative to

the control children was elImmated However, after treat

ment, the IDA chIldren made more errors than the

nonanemIC controlgroup on the odditylearmng task, and

thIS task IS thought to tap conceptual acqUlsitlon

Concluswns ThIS study prOVIdes further eVIdence m

support of an effect of IDA on attentIOn Because no

placebo control group was mcluded and post hoc statistI
cal controls focused on pOSSIble anthropometrIC and nu
tritlonal dIfferences between groups and not on, for ex

ample, SES or maternal educatIOn, the baselme differ
ences between ID/IDA children and nonanemIC children
may be attnbutable to mtervemng vanables and the
changes at follow-up to nonspecIfic therapy effects

The effects of IDA on concept acqUlsitlon m thIS study
are only suggestive In the Pollitt et al (1978 and 1983)

studIes [Refs 27 and 28], there was no eVIdence that
children were experIencmg concept acqUlsIuon difficul
ties whereas m the study of IDA children by Soewondo
et al (1989) [Ref31], concept acqUlsitIOn was adversely
affected Why the group treated Wlth Iron showed rela
tIvelypoorer scores at folIow-up but not at baselme ill thIs
study IS unclear, but It IS pOSSIble, as Wlth the Demard et
al (1986) study [Ref 29], that the IDA children were
more sensItlve to the stressful testing condItlons and there
fore less able to Improve Wlth practICe than nonanemIC
control chIldren

Other There IS an extenSIve reVIew of the field m par
tlcular, an excellent diSCUSSIon ofthe findings concernmg
ID and a companson of these findmgs Wlth the those
concernmg IDA
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31 Soewondo et al (1989)* t Key words
IndonesIa, age approxImately 4 5 years,
IDA and ID, 2 months of therapy, 2 x 2
choIce dlscnmlnatlOn learning tests, 3
oddIty learning tests, and the Peabody
PIcture Vocabulary Test, desIgn extended
interventIOn, double blind, randomIzed,
WIth placebo and nonanemlC controls

Importance ThIs mveshgahon IS complementary to the
stuches ofPolhtt et al (1978, 1986) [Refs 27,30] m ItS

attempt to determme whether lower developmental test
scores associated With Iron deficIency are to be attnb

uted to structural or control process chfficulhes

DeSIgn The study was a double-blmd mtervenhon tnal
With IDA, ID, and nonaneffilC control chIldren randomly

aSSIgned to receIve eIther treatment or placebo for 8
weeks

Baseltne At baselme, of the small number of chIldren
who reached the learnmg cntenon on reversal chscnmI
nahon color tasks, the IDA chIldren learned more slowly
than chd the nonaneffilC control chIldren On the odchty

learnmg task, the IDA chIldren's performance was worse
than that ofthe nonaneffilC control chIldren on the twlce
and thrIce-repeated verSIOns Thus detectably lower de
velopmental test scores were found m IDA chIldren on
tests of attentIOn and conceptual abIlIty The attentIOnal
defiCIts m the IDA chIldren, but not the effects on con
cept acqmsihon, confirm findmgs ofPolhtt et al (1978,
1983 and 1986) [Refs 27, 28, 30]

Follow-up After 8 weeks of Iron treatment, the Iron
treated IDA chIldren learned more qmckly on the color
dIscnmmatIOn and performed better on the twlce- and
thnce-repeated Items ofthe odchty learnmg task than eI
ther the nonanemiC control chIldren treated With Iron or
the IDA chIldren who receIved placebo No benefits of
treatment were observed m the ID group

ConclusIOns The strong lffiphcatIOn of thIS study IS that

IDA but not ID IS assocIated With lower developmental
test scores ThIS IS the first study to shows effects of
IDA on both attentIOnal control processes and on con
cept acqmsihon structural processes Improvement m
cogmhve functIOn of IDA chIldren after Iron treatment
suggests that Iron supplementahon programs would ben
efit chIldren of pre-school age
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SCHOOL-AGE CHILDREN

AND ADOLESCENTS

(5-1 6 YEARS)

27

Summary of Findings

There IS strong eVIdence that among school-age children,
mltIally lower scores on tests of cogmtlOn or school
achIevement due to IDA can be Improved and m some
mstances even reversed after Iron treatment One rea

son for thIS eVIdence mIght be the large number of pla

cebo-controlled tnals, wmch are more able to pIck up

treatment effects Another reason mIght be the mcreased

senSItiVIty of the tests used Alternatively, It could be that

the effects ofIDA m school-age children are more tran

SItOry than m mfants and thus more responsIve to the

effects of Iron treatment

Eleven studIes have exammed the effects ofIron supple
mentatIonon the cogmtIve functIon oreducatIonalacmeve
ment of school-age children With ID or IDA Of these,
nme used placebo-controlled experrmental deSIgns, thus

permIttmg the causal effect of Iron on cogmtIon to be
mvestIgated All but one study (POllItt et al 1989) [Ref

41] showedSlgmficant rmprovements m the cogmtIve func
tion or educatIonal achIevement ofchildren who receIved

Iron supplementatIon compared With those who receIved
placebo Furthermore, the one study (Bruner et al 1996)
[Ref 42] that mvestIgated the effects of treatmg adoles

cent grrls With ID also found SIgnIficant cogmtIve ben
efits These results are m contrast With those observed
With mfants where benefits oftreatment on development
are rarely observed As WIth studIes WIth mfants and pre
school children, there seems to be an mdIcatIon ofdIstur
bances m attentIon and behaVIor m children WIth IDA

Note that none of the studIes With school-age children
documented the hematologrc hIstoryofthe children It IS
pOSSIble, therefore, that the lower scores at baselIne m
cogmtIve functlOnmg m chtldren With ID and IDA were a
result ofhematologrc rmparrment earlIer m hfe Indeed, IT
the factors that predIspose school-age children to ID or

IDA are not recent, there IS an mcreased lIkelIhood that
these children had been anennc before, as rrtfants and as
young chtldren

The adverse effects on cogmtlve and educatlOnal test

performance due to IDA m preschool and school-age

children appear more tranSItory m nature than the effects

on development m mfants and rmply that treatment of

IDA m preschool and school-age children through Iron

supplementation programs may be benefiCIal and have

rrnmedIate effects ThIS IS m contrast to the effects of

IDA on mfants, for whom poorer performance on devel

opmental tests may not be reverSIble With treatment and

where programs armed at the prevention ofIDA may be
the most approprIate actIon

Observational Studies

32 Webb and Osh (l973a) * Key Words
USA, age 12-14 years, IDA, cross sectlOna~

Iowa Bastc Sktlls, levels A-F, form F, destgn
observattonal

Importance ThIS study was earned out to assess the rela
tIon between the presence ofanemIa and school perfor

mance, as measured by the Iowa BaSIC Skills test

Destgn A cross-sectlOnal comparIson of IDA WIth
nonanennc control children

Baseltne Although all subjects performed poorly rela
tIve to natIonal norms, the anemIC children scored sIgmfi
candylower than dId the nonanennc control chtldren The
anemIC males demonstrated a "progressIve departure"
m performance With mcreased age

ConcluslOn It IS not clear whether the assessment was
double blInd, and no attempt was made to match the sub-
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Jects for mtervenmgvarlables Thus, although IDAschool
chlldren scored lower on school achIevement tests than
the nonaneilllC control group, thIs may have been due to
some other vanable related to Iron but not Iron Itself

Other A short dIsCUSSIon ofpOSSIble bIochemIcal mecha
nIsms IS given

33 Webb and ash (1973b) >I-

ThIs abstract reports on the sameWebb and OskJ. (1973a)
study [Ref 32], gIvrng the results of a teachers' behav
IOral assessment of the subjects Agam, attentIOnal, be

haVIoral, and perceptual mechanIsms are Imphcated as
pOSSIble factors meillatmg effects on cognItIve perfor
mance (See dIscussIOns III preVIous sectIons and by
Soemantri et al (1985) [Ref 36])

The teachers' assessment IS not reported to have been

bhnd to the children's hematologIC status, and although

the children were descnbed as all commg from a SOCially

homogenous background, the behaVIoral dIsturbances m

the IDA group may not have been due to dIfferences m

Iron status alone

Intervention Trials

34 Seshadn et al (1982) Study 1 t Key
Words Indta, age 5-8 years, IDA, 2 months of
therapy, verbal and performance tests from the
Wechsler Intelltgence Scale for Chtldren
(VVNAC), destgn extended mterventwn,
randomtzed

Destgn ThIS mterventIOn study stratIfied subjects by age
and randomlyassIgned them to treatment or no treatment
before theIr Iron status was determmed No placebo con
trol was mcluded and It IS not clear that assessment was
doublebhnd

Baselme The between-groups compansons at basehne

are not reported

Follow-up After treatment, Iron-treated children Im

proved theIrWNAC scores more than illd the nontreated
children for all Iron status groups DIsaggregatIOn by the
presence and absence of anemIa showed that IDA chil

dren onlYlillproved more than the nonaneilllC controlchil

dren m the 7-8-year age group, and thIS was across treat-

ments

Concluswn The lack of placebo control means that lill
provements m cogmtIOn at follow-up m the IDA group
could be due to a practIce effect

34 Seshadn et al (1982) Study 2 t Key
Words Indta, age 5-6 years (boys), chtldren
IDA, 2 months oftherapy, WISC verbal and
performance tests, destgn extended mterventwn,
double blmd, randomtzed, wtth placebo control

Destgn ThIS was a double-blmd mterventIOn study With
anemIC male subjects omy Subjects were pair-matched
at basehne for Hb, age, heIght, weIght, Draw a Man IQ,
WISC, per capIta mcome, and maternal educatIon After
matchmg, one child from each pair was randomly as

SIgned to receIve Iron treatment or placebo A nonanemiC

control group was not mcluded

Follow-up After 2 months oftreatment, the Iron-treated

children showed WIse score Improvements, and these

scores were SIgnIficantly hIgher than those of the pla

cebo group The Iron-treated group also had SIgnIficant

Improved Hb levels compared to the placebo group

The verbal IQ Improvements m the Iron-treated group
were seen m the mformatIon, sllll1aritIesvocabulary, anth

metIc, and illglt-span subtests However, Improvements

were also seen m the arIthmetIC and illgIt-span subtests m
the placbo group

Concluswns The mitIal matchmg procedure and the ran
domIZatIon of treatment and placebo means that a hy
potheSIS of causal aSSOCIatIOn between Iron status and
school performance IS stronglysupported m thIS study

35 Pollttt et al (1985) >I- t Key Words
Egypt, average age 9 5 years, IDA, 4
months of therapy, matchmg famtltar
ftgures test, destgn extended mterventwn,
double blmd, wtth placebo and nonanemtc
controls

Importance ThIs study IS notable for ItS strong expen
mental deSIgn and assessment of speCIfic cognItIve ef
fects ofID and IDA m school chlldren

Destgn ThIS was a double-bhnd mterventIOn study m
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whIch IDA and nonanennc control chIldren were assIgned

to receIve treatment or placebo No randomIzatIOn pro

cedure IS reported

Baseltne IDA and ID children were less effiCIent and less

accurate than nonanemlC control chIldren on the

matchrng familiar figures test However, It IS not clear If

the groups were SImIlar rn terms ofSES, maternal educa

tIon or other potential confoundrng varIables

Follow-up After treatment, the Iron-treated anemlC chil

dren were more effiCIent than the placebo group, and

theIr scores were SImilar to those ofthe nonanemlC, con

trol chIldren

Concluswn The study supports the hypothesIs that ID

and IDA adversely affect learnrng and problem solvrng

capaCIty rn school-age children and that the effect IS re

verSIble WIth treatment

Other It IS not clear that the test, as used rn thIS study,

has cultural vahdIty

36 Soemantn et al (1985) * t Key Words
Indonesza, age 10-11 years, IDA, 3 months of
therapy, educatwnal achzevement, concentra
tlon, and Ravens Progresszve Colored Matnces
IQ assessment, deszgn extended mterventlon,
double blmd, randomzzed, Wlth placebo and
nonanemzc controls

Importance The study was conducted after the PollItt et

al (198S) [Ref3S] study rn Egypt to determrne whether

the effects on learnmgand problem solvrng had long-term

Imphcauons to a child's educatIOnal achIevement

Deszgn ThIs double-bOOd mterventIon randomlyassIgned

IDA and nonanemlC control children to receIve treat

ment or placebo

Baselme At basehne, the IDA children dId not dIffer

from the nonanemlC control children on the Ravens IQ
test They dId, however, perform more poorly on mea
sures of educauonal acmevement The results of the as
sessment of concentratIon are unclear

There were no dIfferences between groups rn SES or

maternal age, but because maternal educatIOn was not

assessed It IS pOSSIble that dIfferences at basehne were

due to an rntervenrng varIable
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Follow-up After treatment, the Iron-treated group Im

proved theIr educational achIevement score Signtficantly

more than dId the placebo group However, the Improve

ment was not enough to catch up WIth the scores of the

nonanennc control group

Concluswns There IS eVIdence that IDA adversely af

fects school achIevement and that Iron treatment can lead

to sIgmficant benefits

Other The authors dIscuss the role ofconcentratIon and

attentIOnal dIsturbances rn medmtrng poor performance

on educatIOnal achIevement tests and how these dIstur

bances may be rnfluenced by phYSIOlOgIcal arousal fac

tors ThIS paper also offers a good dISCUSSIOn of other

studIes ofschool-aged children

37 Groner et al (J986)*t Key Words
USA, pregnant women, age 14-24 years, ID
nsk, 1 month oftherapy, anthmetlc, total dzgzt
span, dzgzt symbols, vocabulary, consonant
tngrams, Rey audztory verballearmng test,
deszgn extended mterventwn, double blmd,
randomzzed, Wlth placebo control

Importance ThIs study IS notable for ItS examrnatIon of

pregnant adolescent gIrls and young women who are

deemed to be at fIsk for Iron defiCIency The study does

not address the Issue ofthe ImphcatIOns of maternal ID

for bIrth outcome, but rather for the cognItIve performance

of the mother herself The findrng ofan apparently ben

eficIal effect of Iron therapy IS rnterestlng gIven the he

matolOgIC status ofthe subJects as nonanemlC or, at most,

only nnldlyIron defiCIent

Deszgn ThIS was a double-blrnd rnterventIon study, WIth

subJects randomly assIgned to receIve treatment or pla

cebo

Baselme At baselrne, there were no dIfferences rn c~g

mtIOn or Iron status between the expenmental and pla
cebo control group

Follow-up After 1 month of therapy, the hemoglobrn
level ofboth the treated and the placebo group dechned
but the dechne was less rn the treated group The de

creases rn hemoglobrn were probably because all sub

Jects were pregnant
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After treatment, the treated group unproved on the dIgIt
symbol test, one subsecnon of the consonant trlgrams
test, and two subsectlons of the Rey test The placebo
control group decreased on anthmenc and mcreased only
on one subsecnon of the Rey test The treated group's
havmg greater test-retest unprovements than dId the con
trol group was due to decreasmg scores m the placebo
controlgroup Attennonal effects are consIstent With

findmgs reported elsewhere

Concluszons The study proVIdes eVIdence that ID affects
cogmnve functIOnmg and that Iron supplementatIOn
will prevent a declme m cogmtlve performance durmg

pregnancy

38 Kayshap and Gopaldas (1987)t Key
Words Indta, age 8-15 years (gtrls), IDA, 4
months of therapy m two 2-month semons,
vtsual recall, dtgtt span, mazes, and clencal
task, destgn extended mterventwn, double
blmd, randomtzed, wtth placebo and
nonanemtc controls

Importance ThIS study illvesngated the effects of Iron

supplementanon on cogmnon ill aneIDlC and nonaneIDlC

schoolguls

Destgn The study was a double-blmd mtervennon, the

gIrls were paIr matched for age, Hb, and mdIVIdual total
cogmnve functlon test scores, after whICh one member

ofeach paIr was randomly assIgned to receIve treatment

or placebo for 8 months No double-blmd procedure was

descnbed Cognlnve assessments were made at baselme,

4, 8 and 12 months after treatment

Baselme There were no baselme dIfferences on COgnI
nve functIOn, even when the subjects were dIsaggregated
from the ongmal expenmentaland control groupsbypres

ence or absence of anemIa

Follow-up After 8 months but not after 4 months of

therapy, dlsaggreganon of the ongmal groups revealed
that the IDA gIrls gIven Iron had unproved sIgmficantly
more than the placebo group on clencal task, dIgIt span,
mazes, and overall score] After 4 months, both the pla
cebo and the Iron-treated IDA groups had Improved

equally

At the 12-month follow-up, 4 months after the comple

non of supplementatIOn, there was eVIdence of a sus-

tamed benefiCIal effect of Iron supplementatIOn on all
but the mazes mdex Hb had returned to near baselme
levels, and only the mazes score had dropped SIgnIfi
cantly ThIS study IS mterestmg m combmatIOn WIth
Soemantn's (1989) [Ref 40] prehmmary findmgs paper
revIewed below, because Soemantn also mcluded an
assessment after the termmatIOn of therapy, wmch mdI
cated that the benefits of therapy were sustamed

Concluszons The selectIve unprovement m the IDA Iron
treated group over the placebo group suggests that cog
mnve Improvement IS enhanced With Iron supplementa
non m a group performmg suboptlmallyand the benefit IS

sustamed at least 4 months after treatment has fimshed

Because there were no dIfferences m cogmnve scores
as a functlon ofIron status at baselme yet the IDA group
unproved m cognlnon With treatment, suggests that both
groups were scormglower at baselme than theIr potentIal

but for dIfferent reasons

Other There IS a good dIscussIOn of the pOSSIble bIO
chemIcalmechamsms supportmg the sustamed unprove-

ment above baselme and of the general bIOchemICal ef

fects of Iron defiCIency and how these may be assocIated

With poor cOgnInve performance

39 Seshadn and Gopaldas (1989) Study 1
Thts tS a re-report of Seshadn et al (1982)
[Ref 34) The reportmg of the results for
thts study tS parttcularly unclear and
mconststent wtth the tabulatzon

39 Seshadn and Gopaldas (1989) Study 2
Thts tS a re-report of Seshadn et al (1982)
[Ref 34}

39 Seshadn and Gopaldas (1989) Study 3
t Key Words Indta, 8-15 years (boys),IDA, 2
months of therapy, WISC, destgn extended
mterventton, double blmd, randomtzed, wtth
placebo and nonanemtc controls

Importance A notable feature of thIS study IS the mclu
Sion of two Iron therapy groups gIven dIfferent doses of
the Iron supplement
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Destgn ThIs was a double-bhnd mterventIon study, boys

ages 8-15 years (mdudmg anemIC and nonanemIC con
trol subjects) were tnplet-matched for age, Hb, and

basehne cognItIve functIon before randomlyasslgnmg the
members ofeach tnplet to receIve placebo, 30 mg Iron,

or 40 mg Iron Post hoc dIsaggregatIon ofthe groups was

performed to compare IDA subjects With nonaneIDlC
control subjects

Baseltne No baselme companson between scores was
made for the anemIC and nonaneIDlC control groups cre

ated post hoc

Follow-up Post hoc analysIs found that Iron supplemen

tatIon lffiproved the mdlVldual and overall scores on the

WISe m IDA children only There was a dose-effect

With the 40-mg treatment group showmg Improvement
on more measures It was reported that the WIse

basehne scores ofthe 30-mg group were relatIvely hIgher

than those of the 40-mg group Therefore It cannot be

concluded that the assoCIatIOn between Iron status and
WISC scores IS causal

Concluswns No attempt was made to assess whether
these post hoc groups were dIstmgUIshable from one an
other on other mtervenmg vanables Such dIfferences
between groups may have accounted for any baselme
dIfferences m cognItIon but not necessanly for the dIffer
entIal response to Iron therapy over placebo

Thus, thIS study proVIdes strong eVIdence that IDA IS
causally assocIated With lower scores on tests of COgnI
tIve functIonmg and that performance can lffiprove With
Iron treatment

39 Seshadn and Gopaldas (1989) Study 4 ThIS
tS a re-report ofKayshap and Gopaldas (1987)
[Ref 38]

40 Soemantn (l989J*t Key Words Indonesta,
average age 105 years, IDA, 3 months of
therapy, educattonal achtevement, desIgn
extended mterventwn, double blmd, random
Ized, Wtth placebo and nonanemIc controls

Importance ThIS study assessed cognItIve performance 3
months after completIon of therapy, as m the Kayshap
and Gopaldas (1987) study [Ref 38]

31

DeSIgn ThIS was a double-bhnd mterventIon study With
IDA and nonanemIC control subjects randomly assIgned

to receIve 3 months of treatment or placebo CognItIVe
functIOn was assessed at basehne and 3 and 6 months

after treatment

Baselme There IS no statIstIcal analysIs of the prehIDl

nary data The trends seem to support the hypothesIs that
chIldren With IDA have lower scores on tests of COgnI
tIve performance at basehne than the nonanemIC con

trols

Follow-up The trends also support the eXIstence of a

beneficIal effect of Iron supplementanon at 3 months

and that the benefit persIsts at least 3 months after

therapy IS Withdrawn ThIS sustamed effect IS slffiIlar to

that found by Kayshap and Gopaldas (1987) [Ref 38]

No report IS made ofattempts to control for the effects

of mtervenmg vanables such as maternal educatIon or
SES, whICh may have accounted for basehne dIfferences

Conclustons The mdIcatIon IS that IDA IS causally re

lated to poorer performance on tests ofcOgnItIve devel

opment and that performance IS responsIve to therapy

StatIstIcal assessments are obVIously reqUIred before any
conclUSIOns can be drawn from thIS study

41 Pollttt et al (1989)* Key Words That
land, age 9-11 years, IDA and ID, 4 months of
therapy, Ravens IQ test and educatwnal
achIevement, deSIgn extended mterventwn,
double blmd, randomIzed, Wtth placebo and
nonanemIc controls

Importance ThIS study IS lffiportant because It mcludes

an ill group With whom IDAand nonaneIDlC control chil
dren are compared and because It does not rephcate the
findmgs ofSoemantn et al (1985) [Ref36]

DeSIgn Before tron status was determmed, subjects were
randomly assIgned to receIve treatmentor placebo There
are slffiIlantIes between thIS study and that ofSoemantn
et al (1985) [Ref 36]

Baselme At basehne, IDA chIldren had lower IQ scores
thandIdnonaneIDlccontrolcluldrenmcontrasttoSoemantn
et al (1985) [Ref 36] and IDA and ill chIldren scored
lower than nonanemIC chIldren on the ThaI Language
Test
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Follow-up In contrastto Soemantn et al (1985) [Ref36],
there were no sIgmficantbenefits oftreatment m the IDA
group compared to the placebo or nonanemIC controls

Compared WIth the Soemantn et al (1985) [Ref36], the
treatment penod was longer and the supplement was
larger, however, the children were of a sImIlar age, at
least some children were moderately anemIC, and the
nature of the treatment was the same UnlIke the
Soemantri et al (1985) study [Ref 36], where only the
children mfected With mtestmal worms were gIVen an
thelmmtIc drugs, the children m thIS studywere all given
anthelmmtIc drugs at the start Therefore the failure to
demonstrate a treatment effect may have been a result
of a benefiCial effect, across all subJects, resulting from
treatingfor mtestInalworm mfectIOns

Concluswns IDA and ID are assocIated With poorer
scores on tests of educational achIevement and cogm

tIon, but the effect IS not reversIble With treatment In

otherstudIes ofthis age group, reversIbilityhasbeen readIly
demonstrated The mabIhty to rephcate the study by
Soemantn et al (1985) IS not fully understood

Other There IS an excellent and systematic dIScussIon
ofthe possIble reasons for this negative findIng and ofthe
medIators ofpoor cogmtIve performance Also mcluded
IS an mCISIve comment by Frank Osk! concerrung the
Important queStions raISedbyresearch mto Iron defiCIency
mschoolchIldren

42 Bruner et al (l996)t Key Words USA,
age 13-18 years (gzrls), ID, 8 weeks offerrous
sulfate therapy, Bnef Test ofAttentlon (BTA),
Symbol DIgIt Modalttles Test (SDMT), VIsual
Search and Attentwn Test (VSAT), and Hopkms
Verbal Learntng Test, deSIgn extended perwd
mterventwn, double blmd, randomIzed, WIth
placebo control

Importance ThIS study assessed the effects of ID alone

and has adolescent gIrlS as Its subJects, a group particu
larlyat nsk of Iron defiCiency It also documents a differ
entIalImprovementWIthtreatmentmlearnmgand memory
but not m attentIon ThIS IS mterestmg given the sugges
tIon from several otherstudIes that attentIonal disturbances
precede and medIate subsequent cogmtIve dIsturbances

DeSIgn ThIS was a randomIzed, placebo-controlled m
tervention There was no nonanenuc control group All
girls were tested on three attentIonal measures and one
learnmg and memory test before treatment and after 8
weeks of Iron therapy

Baselme At baselIne, there were no hematologIC or
nonhematologIC dIfferences between the two groups, m
dIcatIng that the randomlZmg procedure had been suc
cessful

Follow-up After 8 weeks of Iron or placebo, the treated

group had lugher Hb and serumfemtm levels than chd the
placebo-treated group, and theyshowedan Improvement
on the total recall test However, no Improvement was
seen on the attentIOnal tests compared With the placebo
group

Concluswns The lack ofmclusIOn ofan nonanemIC con
trol group means that thIS studyoffers no support for the
hypotheSIs that ID children perform poorly on devel
opmental tests relatIve to nonanemIC control children
However, m the absence of baselme developmental dIf
ferences before treatment, the dIfference between groups
m the amount ofImprovement on the learnmg test mdI
cates that ID girls are mdeed performmg suboptImally
and can only fulfill theIr potentIal when thIS defiCiency IS
corrected Tills study IS unusual m ItS findIng that ID alone
may be suffiCIent to result m cogmtIve dIsturbance

Other There IS a bnefbut comprehenSIve dIscussIOn of
causal mechamsms by whICh Iron defiCiency may alter
bram functIon
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IDA IS a common nutntiOnal disorder that affects an es

tImated 25% ofthe world's mfant populauon (DeMaeyer

and Dlels-Tegman 1985) ThIs reView necessanly focused

on a very narrow set ofIssues assoCiated With IDA How

ever, this sectiOn has been mcluded to present a broad

overVIew of satelhte fields of research, references are

CIted throughout, and at the end ofthe secuon IS a readrng

lIst mtended to help drrect prehmrnarymqumes mto these

related Issues

Ali"llima~ Studies and BiomogicaD
Mechanisms

As Dallman (1987) notes, the lIterature on thIS tOpiC has

become too large to encompass m a smgle reView Some

of the hterature documents the poorer performance on

behaVioral, cogmtlve, and psychomotor mdexes m Iron

defiCient rats, parallehng the lower test scores descnbed

m the studies ofhumans Vanous theones have been put

forward as to what biOchemICal effects ID and IDA have,

and numerous hypotheses have been suggested for how

these bIOchemICal effects are expressed as the lower

cogmuve, motor, and behaVioral test scores descnbed m

the hterature and reViewed here Work has also been

done m an attempt to explarn not Just the nature ofthese

effects, but also the reasons behmd the age and seventy

dependency of the effects m humans

For each hypotheSIs there IS a huge and ever-mcreasmg
body ofhterature ofexpenmental studIes (pnmanlyam
mal)

To even select central papers for each hypotheSIs IS too
great a task to be performed here m the context of a
reVIew pnmanly documentmg the effects ofID and IDA
on cogmuve, psychomotor, and behaVioral development

Two papers (Chen et al 1995a,b) and two reViews of the
field (Beard et al 1993, Beard et al 1995) are suggested

for further readmg

Beard et al (1993) present a long, comprehenSive, and

mtegrauve reView of the lIterature that attempts to pro-

Vide an mSIght mto the biOchemical mechamsms at work

m Iron defiCiency and a cauuous conslderauon ofhow the

drrect effects ofIron defiCiencyon emouon and cogmuon

may be a consequence ofthe altered central neurotrans

mitter metabohsm SectiOns ofthe reView deal With body

Iron dIstnbutiOn, a model of body Iron stores and theIr

respecuve suscepubillues to Iron depleuon, the aSSOCIa

uon of Iron With disease states, and the roles of Iron m

bram funcuon (oXidatiOn, reducuon, electron transport,

syntheSIS, packagmg, uptake, and degradation of neu

rotransmltters) Beard et al (1993) look at all the major

hypotheses concerned to explarn the probablymterrelated

biOchemICal effects of Iron defiCIency, speCifically they

conSider the assoclauon of Iron With norepmephrme,

dopamme, monoarmne OXidase actlVlty, (-ammobutync

aCid metabolIsm, endogenous opIate system alterauons,

and the dIUrnal cycle The conclUSiOn discusses the na

ture of the tests of functiOn currently used and how the

sensItlVlty of these tests mIght be rrnproved Beard et al

(1993) cite 193 references, whICh readers can use to pur

sue experrrnental papers first hand

AduDt Dron Deficiency

Although thiS reView focuses on the effects of ID and

IDA on the cogmuve, psychomotor, and behaVioral status

ofmfants, preschool children, and schoolchildren, It can

not be forgotten that IDA IS a lIfe cycle Issue Adult Iron
defiCiency has direct and mdrrect effects on children, as
well as on adults The anerrua frequently observed m preg
nant women IS conSIdered to be a normal phYSIOlOgical
change, however, severe anerrua seems to affect not only
the phYSIOlogICal status of the mother, but also the fetus
dunng pregnancy and the mfant after bIrth (AchadI et al
1995, Felt and Lozoffl995, Gebre Medhm andBIrgegard
1981, Godfreyet al 1991, Larkrn and Rao 1990, Morgane

et al 1993, TOJYo 1983) At nsk are the mfant's normal

growth and pOSSibly also levels ofactlVity and earlyemo
uonal development

Ifmfant IDA IS truly a threat to the cogmuve, psychomo-
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tor, and behaVIoral development of the mdlVldual, then
maternal Iron status durmg pregnancyandlactanonneeds
to be addressed to make programs comprehenSIve for
the prevennon ofIDA m mfants Theyoungwomen stud
Ied m the papers discussed above m the secnon School
Age Chlldren and Adolescents are themselves of child
beanng age, as becomes apparent m Groner et al 's
(1986) study [Ref 37] Pregnancy m adolescence, when
menstruatIOn has olliy recently begun, puts the mdl
VIdual at even greater nsk of anemia (Nelson 1996)

Adults With IDA are at nsk of failure to fulfill theIr cog

move potentIal, and because many new parents are them
selves m thelf late school years, they are also subject to
the developmental nsks assocIated With lfon defiCIency
If It IS accepted that parental schoo!mg IS an rrnportant
determmant ofachlld's cogmnve development (reVIewed
mblbhography Demardetal1986,Palnetal1983),the
successful preventIOn and treatment ofIDA m all those
ofachlld-rearmg age are highly rrnportant Iron defiCiency
m parents must be treated and prevented for the sake of
the cogmtIVe and phYSICal product1VIty of both parents
and chlldren

Other Outcomes of Iron
Deficiency

Physlcal Fttness Adult Iron defiCIency may also detrI
mentally affect phYSICal fitness and producnVIty (DaVIes
1973,Vlten and Torm 1974, Basta et al 1979, Ohlra et al
1979, Bhan and Seshadn 1987) The reperCUSSIOns of
such effects are mamfold When parents are fangued,
the chlld-parent mteracnon will be rrnpeded, and thIS m
Itselfcould affect children's emononal, motor, behaVIoral,
and cognItIve health Adult phYSICal fitness Itself IS also a
concern, not olliymayIron defiCIencybe prevennng mdI
Vlduals from fulfillmg theIr mdIVldualpotennal,butwhen a
nanon ofadults suffers phYSICal effects ofIron defiCIency,
workproducnVItyls comprormsed and the economIC po
tennal ofthe nanon goes unfulfilled

Infectwns There IS extensIve expenmental hterature de
scnbmg the effects of Iron defiCIency on processes m
volved m host defence mechamsms, and It IS commolliy
thought that mfants and children who have moderate to
severe Iron defiCiency tend to have more mfectIOns than
those who do not However, although thIS Widespread
behefeXists, there IS some C!mICal and much experrrnen-

tal eVIdence to the contrary For a comprehenSIve hst of
expenmental studies, readers are drrected to the refer
ence sectIons of these reVIews (Pearson and Robmson
1976, Brock and Mamou-Fowler 1986, Dallman 1987)

Not olliy may Iron defiCIency mcrease the nsk ofmfec
non, but certam mfecnons (specillca1ly worm mfecnons
such as SChIstosomIasIs) may also result m IDA Dallman
(1987) begms bydescnbmg the laboratory abnormallnes
m lffiffiune funct10n that appear the mostconVlllcmg and
dIsnnguIshes these from other components ofthe lffiffiune
system about whICh there IS uncertamty or that seem to
be normal dunng Iron defiCIency He then categorIZeS the
epIdemIOlOgiC studies aImed at determmmg whether there
IS an mcreased prevalence ofmfect10n m mdIVIduals With
Iron defiCiency He looks at cell- and annbody-medlated
lffiffiurutyand phagocytosIS Although mostofthe 59 stud
Ies reVIewed deal With human subjects, there IS also a
short sectIOn on the findmgs ofanrrnal studIes

Pearson and Robmson (1976) reVIew studIes mdIcatmg
that an excess ofIron facilitates growth and mulnphcanon
ofanumberofrmcroorganlsms mvanous bIOgemc flwds,
speCIfically studIes m whICh SIckle-cell anemia, over
whelmmg sepSIS, and salmonellosIs are associated With
hyperferremla They also reVlew the hterature concerned
With the conneeuonbetween Iron defiCiencyand mcreased
suscepnbility to mfectIOn There are subsectIOns on ph
agocytIc funcnon, cell-mediated rrnmunltyand lfon defi
CIency, and Iron defiCiency as associated WIth clmlcal m
fectIOn Pearson and Robmson CIte 119 references

Confounding and Covarying
Factors

That Iron defiCIency can lffipede cognlnve development
has been a very controversIal hypotheSIS, espeCIally m
the hght of the data concernmg the effects of Iron defi
CIency on mfants, where the causal nature ofthe aSSOCIa
non postulated cannot be concluded because of the lack
ofIron treatment effects on mfant cogmnon and behaVIor
It has been frequently suggested that some other factor
closely related to or covarymg With Iron defiCiency IS re
sponSIble for the documented poorer developmental test
scores

As mennoned above m the context ofthe ImphcatIOns of
adult Iron defiCIency, parental schoolmg may well be a
stronger determmant of mfant cognlnve development
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than Iron defiCiency Parents WIth less educationwere sug
gested to covary WIth an enVIronment m whiCh nutn
tlOnaluon is not readily available The elements here are
mextncablyentangled low SES and home enVironmen
tal stress may be responsible for pressure to leave school
early or for lack of adequate educatiOn accountmg for
lower educanonal achievement among children who go
on to become parents themselves (Willerman et al 1970,
Liebhchet al 1972, CzaJka-Narms et al 1978, Escalona
1982) Low-SES parents will have a lower mcome, less
per capita to spend on food, and less trrne to mteract m a
positIve way WIth theIr children and so could have chil
dren who are nutnTIonally, behaViorally, and educatlOn
ally disadvantaged

School absence has been suggested to be more respon
SIble than nutntlOnal status for lower cognITIve test scores
mchI1dren (Powell andGrantham-McGregor 1980) How
ever, although there may be many determmmg factors of
mcreased absenteeism among children, mduding factors
agam associated WIth a low-SES background, one factor
may well be poor health resultlng from nutntlOnal defi
cIencies School absence IS parTIcularly wornsome be
cause children's cognITIve and SOCIal development depends
largelyon the prOViSlOn ofadequate educaTIonal strrnula
hon

WIth all ofthese factors, it is probably illlsieading to sug
gest that anyone potenTIal cause oflower scores on tests
of development confounds the mvolvement of another
Such disadvantageous factors almost necessarily coeXist
and hkely have an addiTIve and even pOSSibly mulTIphca
TIve effect For example, when undernounshed children
go to school WIthout breakfast, the adverse effects on
cognITIve funCTIon are greater than m well nounshed chil
dren (Srrneon and Grantham-McGregor 1989, Srrneon et
al 1994, Chandler et al 1995, Pollitt 1995)

GIven the complex mterrelatIon oflow SES, poor nutn
tIon, lackofeducatIonaland psychOSOCIal stunulatIon, and
mcreased illness It may be that Iron treatment or nutrI
tIonal supplementatiOn IS not enough Rather, an all-em
bracmg program of enVironmental ennchment may be
more appropnate (Lozoff1990, Grantham-McGregor et
al 1991, Lansdown andWharton 1995, Brown and Pollitt
1996)
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APPENDIX A

Tabulated summary of studIes mvestlgatmg the effects of Iron deficIency (WIth and WIthout anenna) on the development of mfants
and young chIldren, preschool chIldren, and school-age chIldren and adolescents

Studies of the effects of Iron defiCiency (With and without anemia) on cogmtIve motor, and behaVioral mdexes m mfants and young chIldren (6-24 months)

r-~
Author Age Study deSign Groups,n Length of Measures Results at baselme Results at

(hematologic selectIOn treatment and follow up period

( criteria) [hematologic follow up
group mean and mIld
vs moderate
classification]

SHORT TERM EFFECTS OBSERVATIONAL STUDIES

1 Demard et al 15 months double blmd ID severe n=34 BSID None noted overall
1981 observatlOnal (SF59 ng/mL) habItuation ID severe group shows a

[mean SF 8 85±1 58] U/HSPD systematIc pattern of
USA ID mIld n=21 dIfficultIes on the IBR

(SF 10 19 ng/mL)
[mean SF 16 10±2 91]
NA n=157

(SF$20 ng/mL)
[mean SF 50 72±22 8]
nonanemlC=Hct >34%

2 Johnson and 12 months observational IDA n=31 tests of mother No slgmficant group
McGowan, 1983 (Hb<lO 5 g/dL) chIld mteractIon dIfferences on any of the

r NAcontrol [mean Hb 8 7±0 9 actIvIty measures[

l' Study 1 moderate] reaCtiVIty
NA n=31 emotlOnal tone

USA (Hb$1l5) attentlOn span
[mean Hb 122 g/dL]

2 Johnson and 12 months double blInd IDA n=25 IBRofBSID No slgmficant dIfferences
McGowan, 1983 observatlOnal (Hb<lO 5 g/dL) noted between groups

[mean Hb 8 7±0 9
Study 2 moderate]

NA n=25 (Hb$ll 5)
USA [mean Hb12 2 g/dL

~
~
:::l
~

~

VJ
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StudIes ofthe effects ofIron defiCIency (WIth and WIthout aneDlla) on cogmtlve, motor, and behaVIoral mdexes m Infants andyoung duldren (6--24 months)
>I:>
o

Author Age Studydesign Groups,n Length of Measures Results atbasehne Results at
(hematologic selection treatment and follow up perIOd
criteria) [hematologic follow-up
group mean and nuld
vs moderate
claSSIfIcatIOn]

SHORT TERM EFFECTS OBSERVATIONAL STUDIES

3 GrmdulIs et 22 months double blInd IDA n=80 SherIdan IDA children showed
al 1986 observatIOnal (Hb < 11 0 g/dL) developmental slgmficant dlfficultles on

[not given] sequences, fine motor and SOCial
UK NAcontrol testmg psycho development Items

NA n=54 motor develop
(Hb > 11 0 g/dL) ment

4 Lozoff et al 624 months double blmd IDA n=21 -assessment of After other varIables were
1986 observatIOnal (Hb<lO 5 g/dL plus 2 behavlOl controlled for

of 3 abnormal frequencies and the anemIC mfants
Guatemala NA control bIOchemICal measures) qualIty by use of Imtlated and mamtamed

[mean Hb 9 6 g/dL] a computer more contact With their
NA n=21 compatible even mothers than did the NA \:P

(Hb$12 0 g/dL) recordmg system control mfants, and g:
[mean Hb 12 6 g1dL] -BSID the mothers of IDA ~

mfants spent less tlme i::l
'"ti

beyond arm s length of ~
their chtldren were less ~
hkely to break close contact en
With their chtldren, and E'
were more hkely to E:-

~
reestabhsh close contact

~

SHORT TERM EFFECTS INTERVENTION TRIALS ;;.t.
'"

5 Oskland 926months double blmd IDA n=24 58 days of 1M BSID No slgmficant differences Iron treated IDA chtldren
~
'"'"'Homg 1978 mterventlOn (Hb<lO 5 g/dL Iron dose noted between treatment Improve on MDI but thiS ;;:-

plus two measures of calculated and placebo group on MDI Improvement was not ~
USA IDA subjects Iron defiCiency) accordmg to orPDI slgmficantly different from ~

<::>
randomly [Iron treated group Hb chtld s speCific All subjects showed the Improvement m the ;:1

aSSigned to range 6 2 103 Hb hematologic Similar difficulties on IBR placebo treated group 0
'3.treatment or mean = 8 85±0 86 status and poorer gross and fine Imtlal Hb (not other '"'placebo no NA motor coordmatlOn hematologIC measures) ;;;
;:1

control placebo treated group correlated With amount of ~
Hb range 7 6 10 2 Hb MDI Improvement wlthm <::>

;:1
[mean 873 ± 1 09] thiS group 0

Nonslgmficant change '"~noted on PDI ~

Iron treated IDA chtldren .g
Improve on reactiVity 3

'"(IBR) and on fine and ;:1...
glOSS motor coordmatlOn



6 and 7 Lozoff 624months double blmd IDA n=28 1 week of ferrous BSID IDA chIldren s MDI scores PrevIous deficIts
et al 1982 (b mterventlOn (Hb51O 5 g/dl ascorbate dose were slgmficantly lower m pelslsted m Iron status

~and c) plus three abnormal calculated 19 24 month olds than groups ~

IDA and NA blOchemlCal measures) accordmg to those of the NA chl1dren of All groups Improved '"::l
Guatemala control chl1dren [mean Hb 9 5 ± 0 9 each chl1d s the same age theIr MDI scores WIth no ~

randomly nonspeclfiable] specIfic Seventy of IDA was dIfferences m amount of a
assIgned to hematologlC posltlvely assocIated WIth Improvement between
receIve treatment NA n=40 status the extent of the dIfficulty Iron and placebo treated
or placebo (Hb$12 0 g/dL expenenced on motor mfants

plus three normal tasks
blOchemlcal measures) IDA chl1dren s PDI scores

were nonslgmficantly lower
m all age subgroups than
those of NA chl1dren
Compared WIth mfants

aged 6 18 months IDA
chl1dren at 19 24 months
showed dlsproportlOnate
dIfficulty on language
Items and on 11 of 12
Items shown to pledlCt
later IQ

8 Lozoff et al see above see above see above see above BSIDIBR IDA chl1dren show a BehavlOral dIfferences
1982a conSIstent pattern of between IDA and NA
(same study as dIfficulties on the IBR mfants dIsappeared at
Lozoff et al 1982 follow up m both Iron
band c above) treated and placebo treated

IDA subjects

9 Walter et al 15 months double bhnd IDA n=lO 10 days of BSID IDA chl1dren scored lower IDA mfants Improved
1983 mterventlOn (Hb <11 0 g/dL >85 g/ 3 4 mg ferrous on MDI than dId control slgmficantly on MDI

dL plus two abnormal sulfate/kg per chIldren NA control subjects show
ChIle IDA ID andNA blOchemlcal measures day No dIfferences noted no slgmficant Improve

control chl1dren and treatment between groups on PDI ment on MDI
gIven treatment response) IDA chl1dren were more Improvement on MDI m
(no placebo [mean Hb 9 8 ± 0 8 unhappy than were other the IDA group comClded
control) nonspeClfiable] groups WIth IBR Improvements m

ID n=12 cooperatIveness and
(HbEEl11 og/dL and at attentlOn span
least one abnormal Only ID chl1dren WIth two
blOchemlCal measure or more abnormal
WIth treatment blOchemlCal measures
response) showed Improvement
NA n=15 No Improvement noted

on POI

>l:>......



Studies ofthe effects ofIron defiClency (With and Without anenua) on cogmtIve,motor and behavIOral mdexes m mfants and young chddren (6-24 months)
"""N

Author Age Studydesign Groups,n
(hematologic selectIOn
crIterIa) [hematologic
group mean and mdd
vs moderate
classIfIcation]

Length of
treatment and
follow-up

Measures ResIdts at baselme ResIdtsat
follow up perIod

SHORT-TERM EFFECTS INTERVENTION TRIALS

10 OskJ. et al
1983

USA

11 Lozoff et al
1985

Guatemala

9 12 months

624months

double blInd
mterventIOn

ID, Idepl, and
NAsubJects
matched on sex
and color given
treatment no
placebo control

double blInd
mterventIOn

IDA and NA
mfants randomly
assignee to Iron
or placebo

ID (bIOchemical and
cellular) n=8
(EEl11 0 gldL + abnormal
bIOchemical measures
and abnormal MeV)
[mean SF = 9 8±2 0
nonspeclfiable seventy]
lD(bIOchemlcal) n=10

(EEl11 0 g/dL + 3
abnormal bIOchemical
measures)
[mean SF = 10 2±1 3
nonspeclfiable seventy]
Idepl n=10

(EEl11 og/dL +
abnormal SF)
NA n=lO

IDA n=28
(Hb<lO 5 g/dL plus
two of three abnormal
bIOchemICal measures)
[not given]
NA n=40

(HbEElI2 0 g1dL)

7 days of 50 mg
Iron dextran 1M

Iron or placebo
twICe daIly for 1
week

BSID

BSID (partICular
focus on the test
affect and task
onentatlon
factors of the
IBR)

No differences noted
between groups on MDI

IDA mfants showed more
behaVIOral disturbance and
lower MDI and PDI scores
than the did NA mfants
The lower MDI scores

were found m the mfants
With abnormal ratmgs on
test affect
The lowel PDI scores were

found m the mfants With
abnormal ratmgs on test
affect and task onentatlon
Hb was directly related to

abnormal IBR ratmgs and
only mdlrectly related to
MDI scores

MDI scores mcreased
slgmficantly m all ID
children but not m NA
children or Idepl children
No patternmg of areas of

Improvement noted on
MDI orIBR

There was no eVIdence of
a treatment effect after 1
week
The affectlvely disturbed

IDA mfants tended to
Improve their behaVIOral
ratmgs regardless of
treatment group
Affectlvely disturbed IDA

mfants whose IBR ratmgs
Improved also Improved
their MDI scores
There was no differential

Improvement m PDI
scores
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12 Aukett et al
1986

UK

13 Lozoff et al
1987

Costa RIca

17 19months

1223months

double blInd
mterventlOn

DA subjects
randomly
assigned to
receive treatment
or placebo no
NA control

double blmd
mterventlOn

randomized
assignment of
IDA ID Idepl,
and NA control
children to
receive treatment
or placebo
(partial)

IDA + Iron and
vltamm C n=48
(Hb < 11 0 g/dL)
[nonspeCifiable
seventy]
IDA + vltammC n=49

(Hb<l1 0)

IDA n=52
(Hb::;l0 5 g/dL
plus 2 abnormal
bIOchemical measures)
[mean Hb 9 5 ± 0 1
moderate IDA]
Intermediate ID n=45

(Hb >106<11 9
+ 2 abnormal blO
chemical measures)
ID n=21 (HbEEl12 0 +

two abnormal
bIOchemical measures)
Idepl n=28 (HbEEl12 0

+ abnormal serum
ferntm)
NA n=35 (HbEEl12 0

+ normal bIOchemical
measures)

2 months of
therapy With 24
mgferrous
sulfate 10 mg
vltamm Cor
both

1week ofFeS0
4

oral or
parenteral
mterventlOn
IDA and
mtermedlate
children
assigned to
receive oral or
parenteral Iron
OJ placebo NA
children
assigned to
receive oral Iron
or placebo
12 weeks of

FeS0
4

oral Iron
for all Iron
defiCient
children
preVIously given
oral Iron, all
parenterally
treated or Iron
suffiCient
children given
placebo

Denver
developmental
screenmg test for
psychomotor
development

BSID

Baselme Denver scores
were not assessed

Wlthm the anemic group
the authors dlstmgUlshed
between moderately and
mildly anemic children
moderately anemic mfants

(Hb::;l0 0) scored lower on
the MDI than all other
groups
both mild (Hb 10 0

105) and moderately
anemic mfants scored
lower than the other
groups on the PDI
anemic children consls

tently failed on certam
Items of the MDI and PDI
scales

Slgmficantly more ofthe
children whose Hb values
rose more than 2 g/dL
achieved the standard
change m Denver score
than did children whose
Hb values did not nse

At 1 week
no differences noted on

MDI and PDI between
parenteral and orally
treated groups,
slgmficant effect of Iron

therapy seen on Iron status
and
all groups Improved their

MDI scores, regardless of
their Iron status or whether
they were given treatment
or placebo

At 12 weeks
there was no Improve

ment m MDI scores m the
anemic group (mild or
moderate)
moderately anemic

children showmg no Hb
correctIOn or persistence of
abnormal bIOchemical
measures still showed
slgmficantly lower PDI
scores than did mildly
anemic children
anemic children whose

Hb value was corrected
showed PDI score
Improvement and were no
longer different from the
NA group
mildly anemic children

were more lIkely to show
hematologic correction
and
Improvements m the IDA

group could not be
compared With effects m a
placebo group because no
such group was mcluded m
the deSign
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Studies ofthe effects of IrondefiCiency (With andWithout anenna) oncOgnItive, motor, and behaVioral mdexes m Infants and young chJ1dren (6-24 months)
"'""'"

Author Age Studydesign Groups,n
(hematologic selectIOn
criteria) [hematologic
group mean and nnld
vs moderate
classIfication1

Length of
treabnent and
follow-up

Measures Results at basebne Results at
follow-up period

SHORT TERM EFFECTS INTERVENTION TRIALS

14 Walter et al
1989

Chile

o 15 months double blind
mterventlOn

lOA 10 andNA
children assigned
to receive
treatment or
placebo for the
first 10 days
after whICh time
all children
received
treatment
lOA n=39

(Hb<ll 0 g/dL+ two or
more abnormal
blOchemlCal measures
an abnormal cellular
mdex and a response to
therapyofEBl g/dL)
[mean Hb=10 0 ± 09
nonspeclfiable1

10 n=127
(HbEBll 0 g1dL plus
abnormal blOchemlcal
measures)

NA n=30
(HbEBll 0 g/dL plus
normal blOchemlCal
measures With lack of
response to supple
mentatlOn)

at age 9 months BSID
hematologIC
assessment made

at age 12
months
3 months of 0 6
mL ferrous
sulfate suspen
SlOn gIven three
times a day With
assessments
made at 10 days
and 3 months

At age 12 months
IDA children had lower

MDI and PDI score than
did NA control and ID
children
the authors reported a

sigmOid dlstnbutlOn of
MDI scores as a functlOn
of mcreasmg Hb With the
lowest developmental test
scores to be found In
Infants With the lowest Hb
mfants With Hb > 109
showed no eVidence of
poorer performance,
there was pattelnIng on

MDI PDI and IBR scales
there was a slgmficant

effect of duratlOn and
seventy of anemia, I e
children who at mltlal
developmental assessment
had been anemic 3 months
earlier had much lower
scores than did IDA
children who had become
anemIC m the past 3
months
at the age I2-months

assessment children who
had become anemIC In the
past 3 months were less
severely anemIC than
children who were anemic
at Initial assessment

At the 10 dayassesment
all groups Improved on

MDI and PDI regardless of
Iron status or whether they
were given placebo or Iron
treatment and
no change In IBR

At the 3 months assess
ment
there were no changes In

any of the children s BSlO
scores (IncludIng IBR
ratIngs) between follow up
1 and follow up 2 and
lOA children were still

sconng low on language
Items and on showmg
shoes clothIng or own toy
and were less able to stand
from SIttIng or stand on
left foot WIth help
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IS IdJradInata 12 I8months double blInd IDA n=50 4monthsof3 BSID IDA children scored lower -Iron treated IDA children
andPolhtt 1993 InterventIOn (Hb::;105 gIL mglkg per day of than did ID and NA showed slgmficant MDI

~+ two abnormal oral ferrous chIldren on MDI and PDI and PDI Improvements '"6
Indonesia IDA ID, and NA biochemical measures) sulfate No slgmficant dIfference The Improvements on '";:s

subjects [uon treated children s noted between ID and NA MDI and PDI In the Iron ~

randomly Hb mean =95 7± I I chIldren treated IDA chIldren were a
assigned to placebo treated IDA children smothers larger than Improvements
receive treatment children s Hb mean = had achieved slgmficantly seen In NA and IDA
or placebo 98 0±1 0 moderate lower maxImum school placebo treated chIldren

IDA] grade than had mothers m The baselme differences
ID n=29 ID or NA groups m MDI between Iron

(Hb$120glL treated IDA chIldren and
+ two abnormal ID or NA chIldren were
biochemical measures) ehmmated, thus the poorer
NA,n=47 test performance observed

(Hb$120glL at baselIne was reversed
+ nOlmal bIOchemICal There were no slgmficant
measures) differences m the amount

ofMDI and PDI Improve
ment between Iron or
placebo treated ID
children
CorrectIOn ofHb values

noted m Iron treated IDA
and ID children

16 Lozoff et al 12-23 months Double blInd IDA n=32 (Hb ::;100 gIL 6 months of oral BSID &IBR At baselIne IDA Infants Good hematological
(I996b) Costa Intervention + two of three ferrous sulphate scored slgmficantly lower response to treatment
Rica IDA gives abnormal biochemIC given 3mglkg (mean 6 1pOInts) than NA Differences In MDI

treatment measures) per dose, twice a on MDI No slgmficant between IDA and NA
NArandomly NA n=54 (Hb $12 5 gIL) day difference on PDI IDA remaIned at the 3 and 6
aSSigned to mfants on IBR were months follow up
receive treatment slgmficantly more fearful, No change m PDI
or placebo unhappy and heSitant With No differences In IBR

examIner between IDA and NA The
slgmficant Improvement In
IBR IS not considered to
benefit directly from non
treatment
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Studies ofthe effects of Iron defiCiency (With and Without anenua) oncogmtlve, motor, andbehaVioral mdexes m mfants andyoung chIldren (6-24 months)
"'"0\

Author Age Studydesign Groups,n
(hematologic selectIOn
criteria) [hematologic
group mean and nuld
vs moderate
classIfication]

Length of
treatment and
follow-up

Measures Results atbaselme Results at
follow up period

SHORT-TERM EFFECTS INTERVENTION TRIALS

17 Heywood et
al 1989

Papua New
Gumea

1year double blind
Intervention

IDA chrldren
randomly
assIgned at age 2
months to
receIve treatment
or placebo no
NA control

IDA, malarIa pOSItIve +
Iron n=18
[mean Hb 84 1 g/dL
range 70 5 97 6
moderate]

IDA malarIa negatIve +
Iron n= 30
[mean Hb 100 5 g1dL
range 92 3 1089
unspecifiable]

IDA malarIa pOSItIve +
placebo n= 11
[mean Hb 80 0 g/dL
range 65 9 94 1
moderate]

IDA malarIa negatIve +
placebo n=36
[mean Hb 92 9 g/dL
range 80 2 1055
unspecifiable]

lx3mLIM
dextran
treatment at age
2 months WIth
tests of attention
gIven at age 1
year

attention
total fixatIon

tIme
mean fixation

time
habItuatIon
dishabituation

No baseline assessment
made of attention

Iron treated IDA malarIa
negative mfants had
sIgmficantly longer total
fixation times than dId
placebo treated malarIa
negatIve mfants
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SHORT TERM EFFECTS PREVENTATIVE TRIALS
~

18 Moffatt et al 2 15months double blmd 6 months 13 months of BSID (mcludmg Overall
~
<Il
;:s

1994 preventatIve n=225 Iron forUfied IBR), attentlOn all measures of Iron status ~
regular [Hb 107 7±5 3 formula (12 8 paId to the test were sIglllficantIy dIfferent '"'~

Canada mfants randomly nonspecifiable] mg) or regular affect and task between the two groups
assIgned at age 2 fortIfied [Hb formula (1 1 onentatlOn and
months to 113 5±5 3J mg) clusters of Items mental development and
receIve Iron 9 months n=204 behavIor were not affected
fortIfied or regular [Hb 111 6±5 6
regular formula nonspecifiable] At6 months
assessments at 6 fortIfied [Hb PDI values were sImilar m
9,12 and 15 116 4±5 6] all groups
months 12 months n=186

regular [Hb 111 8±5 7 At 9 months
nonspeClfiable] PDI scores for the Iegular
fortIfied [Hb formula group fell
117 5±5 6] sIglllficantIy and gave thIS
15 months n=154 group a score sIglllficantIy

regular [Hb 115 1±5 7 lower than that of the
nonspecifiable] fortIfied formula group
fortIfied [Hb
118 6±5 7] At 12 months

mtergroup PDI dIffer
ences persIsted

At 15 months
the group means were

closer agam and the
dIfference was nonsIglllfi
cant

19 Lozoff et al 612months double bhnd supplemental Iron 6 months of BSID No sIglllficant differences At 12 months the
1996a preventatIve n=625 supplemental noted between the supplemented mfants had

no supplemental Iron Iron supplemented and less anemIa and less Iron
ChIle mfants randomly n=319 nonsupplemented groups defiCIency than dId the

assIgned at age 6 anemIa [Hb< 110 gIL + nonsupplemented groups
months to 2 of three abnormal
receIve supple biOchemIcal measures] There were no sIglllficant
mental Iron or dIfferences m BSID scores
no added Iron between the groups
until age 12
months

...
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Studies ofthe effects ofIrondefiCiency (WIth and WIthout aneDlla) oncognItIve, motor, andbehaVIoral mdexes m mfants andyoung clu1dren (6-24 months)
>I>
00

Author Age Studydesign Groups,n
(hematologic selectIon
criteria) [hematologic
group mean and mIld
vs moderate
classIfIcatIon]

Length of
treatment and
follow up

Measures Results atbasehne Results at
follow-up period

LONG-TERM EFFECTS OBSERVATIONALSTUDIES

20 Paltl et al
1985

Israel

21 Wasserman et
al 1992

YugoslaVia

22 Hurtado 1995

10 13years

2 years

o lOyears

smgle blmd
observational

children
mtermedlate and
NA at 9 months
followed yearly
until 10 13 years
and assessed

prospective

MDI decrements
at 24 months
measured as a
functIOn of Hb
decreases at 6,
12 18 and 24
months

preventative

no note made of
groups
randomization
procedure or
use of a placebo

At9months
mtermedlate n=20
(Hb<10 5 g/dL)
[not given]
NA n=56

(Hb>ll 5 g/dL)
[not given]

n= 392
Hb measurements at
four time penods not
given

n=5411

groups not descnbed

dose or length
of treatment not
given

subsectIOn of the
Shaefer
Classroom
BehaVIOr
Inventory With
educatIOnal
achievement
Items

MOl

test of cogmtlve
development

After maternal education
and sex of the child were
controlled for, children
IDA at 9 months scored
lower on educatIOnal
achievement and posItive
task onentatlon With no
effect on negative task
onentatlOn or mood
Maternal educatIOn and

sex of the child were also
slgmficant predICtors of
educatIOnal achievement
task onentatlOn and
mood

Slgmficant MDI decre
ments at 18 24 months
predICted by Hb decrease
of 2 g/dL at 18 months
MDI decrement at 24

months predicted better by
Hb decrease of 2 g/dL at 12
and 18 months than by Hb
decrease at 24 months

At 10 years
Iron defiCiency was

assOCiated With poorer
performance on a cogmtlve
test With a dose response
relation between Hb and
performance and
mteractlOn With maternal

educatIOn reported
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WNG TERM EFFECTS FOLLOW UP OF INTERVENTION TRIALS
~

At 3 years the Imtlally
~

23 Paitl et al o 5 years mterventlOn IDA moderate at 9 2 years BLDQ at 2 years (Baselme IS taken as '";:.\
1983 months (basehne) developmental measure moderately IDA mfants £:-.

children wIth 3 years n=32 Mlh Israeh IQ ments at age 2 ) still scored lower than dId <">
Dl

Israel IDA at 9 10 5 years n=29 3 years Test at 3 years all other groups thIS time
months gIven (Hb~9 9) [moderate] Imtlally moderate IDA on the Mill test but agam
treatment no IDA mIld at 9 months 5 years Wechsler WPPSI children scored lower on the between groups
placebo control 2 years n=84 (Israeh verSIOn) BLDQ than dId other three dIfference only approached
IDA and NA 5 years n=52 groups but thIS dIfference slgmficance after maternal
children gIven (Hb 10 10 9)[mild] was not sIgmficant after education and bIrth weIght
neIther treat IDA at 9 months maternal educatIOn and were controlled for
ment nor 3 years n=149 bIrth weIght were
placebo 5 years n= 99 controlled for At 5 years the InItIally IDA
developmental (Hb 11 11 9) mfants still scored lower
assessments Iron suffiCIent at 9 than all othel groups but
conducted at 2 months at 5 yeal s these dIfferences
3 and 5 years as 3 years n=123 between groups on IQ were
a functIOn of 5 years n= 59 sIgmficant even after
hematology at 9 (HbE!mO) maternal educatIOn and
months bIrth weIght were

controlled for-
24 Walter et al 5 years see Walter et al IDA see Walter et al SBIQ see Waitel et al 1989 above Infants WIth IDA at 12
1990 1989 above note n=43 1989 above Brummks months of age (who
(abstract) that It IS not [seventy of anemIa m Oseretsky fine! showed poorer develop

clear whether the mfancy was not gross mental test performance at
Chrle assessments of specIfiable] motor assess the tIme of ongmal

Iron status at 4 ment assessment) showed
years or the NA n=29 IlhnOls perSIstence of lower test
developmental psycholmgmstlc scores at age 5 years
assessments at 5 assessment regardless of the hemato
years were VISUal motor lOgIC correctIon that
double bhnd mtegratlon occurred after 3 months of

Woodcock subsequent Iron therapy
educatIOnal
preschool scale

25 Lozoff et al 5 years see Lozoff et al InItIally moderately 5 years Woodcock see Lozoff et al 1987 above Infants ongmally WIth
1991 1987 above IDA Johnson moderate IDA or mild IDA

mltlally Iron defiCIent psychoeducatronal uncorrected by therapy
Costa RIca note that IS not before and after therapy battery showed perSIstently lower

clear whether the Imtlally Iron defiCIent test of VISUal scores on developmental
follow up of 5 year follow-up corrected by therapy motor mtegra tests at age 5 years
subJects from assessment was tIOn
Lozoff et al 1987 double bhnd Goodenough

HarnsDrawa
Man test
Brummks

Oseretsky test of
motorprofi

,j>.Clency \0
WPPSI



Studiesofthe effects ofIron deficrency (With andWithout anenna) on oognIt:we, motor, andbehaVioralmdexes m mfants andyoungdnldren (6--24 months)
V1
o

Author Age StudydesIgn Groups,n
(hematologic selectIon
criteria) [hematologic
group mean and mtld
vs moderate
classIficatIon]

Length of
treatInent and
follow-up

Measures Results at basebne Results at
follow up period

WNG-TERM EFFECTS PREVENTATIVE TRIALS

26 Cantwell 1974 0 7 years
(abstract)

USA

double blmd
prevental1ve

no note made of
randomIzatIon
procedure no
placebo control

neonatal 1M Iron
dextran NAat6 18
months n=28

IDA, n=32
(crIterIa not gIven)
[Hb range = 6 1 9 5
moderate]

1M dextran
treatment dose
and length of
treatment not
specIfied,
developmental
assessments
made at
6 7 years

neurologICal
evaluatIOn

SBIQ

At6 7years
children who were IDA as

mfants showed clumsmess
balancmg on one foot
tandem walkmg, and
repetItlve hand and foot
movements and were more
mattentIve and hyperactIve
and
the Stanford Bmet mean

score for IDA children was
92 and for NA children was
98 ~
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StudIes ofthe effects oftron defiCIency (With and Without anenua) oncogmtIve, motor, and behaVIoral mdexes m preschoolchildren (2-5 years)
~

Author StudydesIgn Length of Results at baselme Results at
~

Age Groups,n Measures (I>
;:s

(hematologIc selectIon treabnent and follow up perIod ~
crIterIa) [hematologIc follow-up a
group mean and nuld
vs moderate
classIficatIon]

INTERVENTIONTRlALS

27 Pollitt et al 4445months double blmd ID n= 23 4 months of Iron three dlscnml ID children perform worse Differences m scores
1978 mterventlon (cntena not given) therapy (dose nation learmng on tests of their attentIOn between groups at baseline

[meanHb=115, not specified) tests and memory control ehmmated
USA ID andNA MCV=79 7 SI/TIBC processes but not on tests

control given ratio =13 4 two short term of the capacity of the
treatment serum lron= 35 0 memory tests structures themselves

seventy not speCifiable1
four oddity

NA n= 23 learmng tasks
(cntena not given)

28 Pollitt et al 3 6 years mterventlOn IDA n=15 3 months of oral rnscnmmatlOn IDA children performed After treatment the
1983 Iron learnmg worse than NA control on differences between the

IDA children NA control n=15 short term three dlscnmmatlon IDA and NA control
USA given treatment memory learmng tests children had been

NAcontrol oddity learnmg ehmmated
children not
treated no
placebo control

29 Demard et al 1860months double blmd IDA,n=25 6 months of Olal BSID MDIfor No slgmficant difference At3months
1986 mterventlon (~11 0 g/dL plus three non (6 mg/kg children nnder noted between the IDA the IDA group did not

abnormal bIOchemICal per day) With age 2 years children and their NA Improve on MDI and SBIQ
USA IDA given measures and abnormal follow up SBIQ forms L M maternal education control neither of the ID groups

treatment only ID cellular mdex) for chIldlen over on MDI and SBIQ Improved on MDI and SBIQ
group assigned to [mean group Hb = 10 4 assessments at 3 age 2 years There were no slgmficant -overall all NA control groups
treatment or g/dL months and 6 differences between IDA tended to mcrease their scores
placebo and NA SD not given but months children and their NA on the MDI and SBIQ from
group given potentially categonzable controls matched on baselme creatmg slgmficant
placebo only as mild anemia] maternal educatIOn on 8 of differences between the ID
NAcontrol ID n=45 10 IBR measures and IDA groups and their NA
matched twICe to (Ei311 og/dLplus two The IDA group was more controls
expenmental abnormal bIOchemical unhappy and less
group on measures and abnormal responsive to their At6 months
l)maternal cellular mdex) environment than were IDA children showed no
educatIOn sex NA n=( their NA controls matched MDI and SBIQ mcrease,
and age and (Ei311 0 g/dL plus three on maternal educatIOn ID treated children showed
2) baselme MDI normal bIOchemICal Similar patterns emerged no mcrease over baselme m
score measures and normal between the IDA children MDIandSBIQ

cellular mdex) and their controls matched ID children given placebo
for MDI baseline Increased on MDI SBIQ, and V1

-agam, NA control children
......

tended to slgmficantly
Increase their scores



StudIes ofthe effects of Iron defiCIency (WIth and WIthout aneIDIa) on cogmtIve, motor, and behaVIoral mdexes m preschoolchIldren (2-5 years)
VI
N

Author Age StudydesIgn Groups,n
(hematologIc selectIOn
criterIa) [hematologIc
group mean and mIld
vs moderate
claSSIfIcatIon]

Length of
treatInent and
follow-up

Measures Results atbasehne Results at
follow up period

30 PollItt et al
1986

Guatemala

31 Soewondo et
al 1989

IndoneSIa

3 6years

NAmean age
575 months

IDA mean age
542
months

INTERVENTIONTRIALS

mterventlOn IDA n=25 11 12 weeks of three dlscnml DlscnmmatlOn learmng
(Hb~lO g/dL 30 mg/kg per natIOn learmng IDA children needed more

IDA and NA plus one abnOlmal day oral ferrous tests tnals to cntenon
control gIven bIOchemIcal measure sulfate two short term no dIfferences on oddIty
treatment no and Hb response to memory tests learnmg
placebo control therapy >2 g/dL) four oddIty no dIfferences on memory

[mean Hb = 8 96 ± learmng tasks
098 moderate IDA]

NA n=25
(Hb >11 g/dL
plus one normal
bIOchemIcal measure
and no Hb response to
therapy)

double blmd IDA n=49 (Hb <110 g/ 8weeks 50 mg 2 x two chOIce Among the small number
mterventlon L plus two abnormal oral elemental dlscnmmatlOn of chIldren who reached

bIOchemIcal measures) Fe learmng tests learnmg cntenon on
IDA ID andNA [group Hb mean = reversal dlSCllmmatlOn
subjects 1060±07 mIld] 3 x oddIty color tasks there was a
randomly learmng tasks slgmficant dIfference
assIgned to ID n=60 between groups m number
receIve treatment (HbEEl110 gIL plus two PPVT of tnals to cntenon WIth
or placebo abnormal bIochemIcal NA chIldren learmng faster

measures)
NA n=70 (HbEEl110 gIL NA chIldren performed
plus two normal better than IDA children
bIOchemICal measures) on repeated twICe and

thnce vanatlOns of the
oddIty learnmg task

Dlscnmmatlon learmng
IDA group Improved on

tnals to cntenon after
treatment elImInatmg the
baselIne dIfferences
between IDA and NA
groups on tnals needed to
reach cntenon

OddIty learnIng
both groups Improved
the NA group Improved

slgmficantly more than the
IDA group and
there were no slgmficant

dIfferences on memory

Of children who reached
cntenon on tnals to
learmng on color dlscnml
natIOn the IDA+Iron
chIldren learned more
qUIckly than dId the NA+
Iron children
On the repeated twIce

and thnce versIOns of the
oddIty learmng task Iron
treated IDA chIldren
performed better than
Iron treated NA chIldren
There was no slgmficant

Improvement In the
performance of the IDA
chIldren treated WIth
placebo
Iron treated IDA chIldren

showed slgmficant
Improvement m all Iron
measures but the
Improvement was small
and It IS probable that ID
was not fully reversed
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Studies ofthe effects ofuon deficiency (With and Without anenua) on cogmtIve motor, and behaVioral mdexes m schoolage chIldren and adolescents (5-16 years)

Author Age DesIgn Groups,n
(hematologic selectIOn
criteria) [hematologic
group means]

Baselmeto
follow-up

Measures Baselme dIfferences DIfferences at follow up
~
"ti
~
;::I

~a

32 Webb and
OskI1973a

USA

1214 observatIOnal
tnal WIth no
double blmd
procedure data
were analyzed as
a functIOn of age
subclass (12 13
and 14 years)

OBSERVATIONAL STUDIES

IDA n=92
(Hb 10 1 11 4 g/dL)
[lowest Hb was 106 ±
04 mild anemIa]

NA n=lOl
(Hb 140 149 g/dL)

Iowa Tests of
BaSIC SkIlls levels
AFform3

IDA children scored lower
than dId NA chtldren
The older anemIC males

showed a progressIve
departure from theIr
controls

33 Webb and
OskI1973b

USA

abstract report
of Webb and
Oski 1973 above

same as Webb and Oslu 1973 above

lNTERVENTIONTRlALS

Peterson Quay
BehavIOur
Problem
ChecklIst

VISUal after
Image task

AnemIC males showed
more conduct dIsturbance
than dId theIr controls
mcludmg dIstractIbIlIty
(see Soemantn et al 1985
above for a sImilar
concentratIon findmg)
overactivity dIsruptIveness
and negatIvIsm
IDA subjects showed

longer latency to after
Image report than dId
control subjects

34 Seshadll et
al
1982 IndIa

Study 1

5 8 years mtervention

before disaggre
gatIon mto IDA
and NA control
groups children
stratIfied by age
and randomly
assIgned to
receIve treatment
or no tIeatment
no placebo
control blmd
status of the tnal
not reported

Expenmental giOUpS
5 6 years n=23
67yearsn21
7 8 years n=19

Control groups
5 6 years n=12
6 7 years n=12
7 8 years n=10

IDA, n=39 (Hb <110 gIL)
[means not gIven]
NA, n=24 (Hb>110 gIL)

2 months of
20 mg oral
elemental Fe and
folIc aCId

WNAC
SIX verbal tests
SIX performance

tests

Between groups compan
sons on InItIal develop
mental scores wele not
reported

Iron treated children
Improve m Hb and WNAC
and control shildren do
not regardless of hemato
lOgIC status
In children aged 7 8 years

only WNAC score
Improvement was hIgher
for IDA than NA groups
(across treatments)

U1
l,;J



Stuches ofthe effects ofIron deficiency (With andWithout anelllla) on cogmbve, motor, and behavIOralmdexes m school age chIldren and adolescents (5-16 years)
U1
ol:>-

Author Age DesIgn Groups,n Baselmeto Measures Baselme chfferences DIfferences at follow up
(hematologic selection follow-up
criteria) [hematologic
group means]

OBSERVATIONAL STUDIES

34 Seshadn et 5 6years double blmd treated n=14 2 months of WNACverbal No dIfferences as matched Only the treated group
al mterventIOn [mean Hb = 96 2±2 7 40 mg elemental and performance were noted showed WNAC score
1982 IndIa moderate] Fe and folIc aCId tests Improvements

after these IDA placebo control n=14 WNAC scores of the
Study 2 chIldren were paIr (mean Hb = 98 2±2 3 treated group were hIgher

matched on nonspeCIfiable] than those of the control
weIght Hb DAM group
IQ per capIta (IDA Hb < 105 gIL + The expenmental group
mcome and post hoc Hb mcrease > showed Hb mcrease of 23
maternal 15 giL) gIL whereas the control
educatIOn one group showed a decrease of
chIld from each 2 gIL
paIr was randomly
assIgned to receIve
treatment or 8:'
placebo no NA g;
control mcluded ~

35 PollItt et al average 9 5 years double blInd IDA n=28 4 months of50 form F of the NA chIldren were faster Only the anemIC chIldren
{J
~reported 1985 mterventIOn (Hb~l1 5 gldL mg oral ferrous matchmg and more accurate at who were treated With Iron 0

plus one abnormal sulfate famIlIar figure baselIne became more effiCIent ;;:
Egypt IDA and NA bIOchemIcal measure test (assessment EffiCIency scores for the 2

control chIldren and response to therapy) IS of speed and treated anemIC chIldren e.
gIven treatment [not specIfied1 accuracy) were SImIlar to the scores ~

or placebo no NA n=40 of the control chIldren g,
&report of (Hb >13 gld plus a rt>

randomIzatIOn normal bIOchemICal ~procedure measure and no Hb ~
response to Iron therapy) ~

0

36 Soemantn et 10 11 years double blmd IDA n=78 3 months of educational No baselIne dIfferences Iron treated IDA chIldren had ~....
al 1985 mterventIOn (Hb~11 0 gldL plus one 10 mg oral achIevement noted between IDA and changed Hb values more than §

abnormal bIOchemICal ferrous sulfate maths bIOlogy NAon RPCM dId other groups tI
IndoneSIa IDA and NA measure) SOCIal SCIence, NA chIldren performed The results of concentratIOn ~

0
control [mean Hb= 9 74 ± 1 31 and language better on educational assessment were not clear g
randomly nonspecifiable1 Bourden achIevement than dId IDA Iron treated IDA chIldren ~
assIgned to Wisconsm chIldren Improved theIr EA score more §
receIve treatment NA n=41 concentratIOn NA chIldren were heaVIer than dId placebo treated IDA

~or placebo (HbElH2 0 gldL plus test and taller than IDA chIldren
normal measurements RPCM chIldren A dIfference on EA remamed ~

m the bIOchemIcal The results of concentra between Iron treated IDA 0-
mdex) tIOn assessment were not chIldren and all NA chIldren ]

clear No hematologIC dIfferences g
were noted between treated

...
IDA and NA chIldren



37 Groner et al pregnant women double blInd expenmental n=16 1 monthof90 arIthmetIc No psychometnc Note that decreases m Iron
1986 ages 14 24 years mterventlOn (:::;16 weeks pregnant mgferrous total dIgIt span dIfferences except on one measures were expected

~HetEB310/0) fumerate BID + dIgIt symbol subsectlOn of the RAVLT because of the dilutlOnal ~
USA assumed to be at randomIzed [mean Hb 122 g/dL prenatal Vltamm vocabulary wIth expenmental subJects effects of pregnancy ('>

;:s
nsk ofID assIgnment to normal] treatment consonant performmg better than ~

receIve treatment tngrams control subjects Control subJects @
'"or placebo control (Just prenatal RAVLT demonstrated greater

vitamm) n=9 No correlatlon between hematologIc decrease than
:::;16 weeks pregnant, hematologlC status and dId expenmental subjects
HetEB310/0) psychometnc test scores Expenmental group
[mean Hb 12 3 g/dL Improved on dIgit symbol
normal] on one subsectlOn of

consonant tngrams and
on two subsectlOns of
RAVLT
Control subJects decreased

on anthmetlC and
mcreased only on one
subsectlOn of RAVLT
Expenmental group

showed greater test retest
Improvements than dId
control subJects on three
tests because of control
group score decreases
No correlatlOn noted

between hematologIc status
and psychometnc test
scores
No correlatlOn noted

between hematologIc
changes and changes m
psychometnc test score

38 Kayshap and gIrlS ages 8 15 double blInd expenmental n=65 assessments cogmtlve After dlsaggregatlOn -At 8 months non supple
Gopaldas 1987 years mterventlOn every 4 months functlOn tests anemlC and NA groups mented IDA children had

control n=65 for 1 year vIsual recall showed no baselme Improved theIr Hb and
IndIa after bemg paIr mcludmg dIgIt span dIfferences m cogmtlve clencal task dIgItal span

matched on age IDA n=81 assessment at 12 maze functlon maze and overall scores more
Hb andmdl- ( Hb <105 gIL) months 4 clencal task than had placebo treated IDA
VIdual total [placebo 95 O± 1 3 months after chlldren
cogmtlve functlOn moderate completlOn of The only Improvement m the
test scores one expenmental therapy, NA children was m the Iron
member of each 96 0±1 3 moderate] 60 mgoral treated group and was only
paIr was randomly FeSO4 treatment on mazes
aSSIgned to receIve NA n=20 as one tablet per At 12 months there were no
treatment or day for 2 dIfferences between placebo
placebo months at the and treated groups except on

begmnmg of mazes WIth the Iron treated
groups were each of two 4 group sconng hIgher stIll
disaggregated mto month school The only slgmficant drop m
IDA and NA terms scores m the treated group U1

control groups for was on mazes U1

fin ther analysIs



StudIes ofthe effects ofIron deficiency (With and Without anenna) on cogmbve, motor, and behaVioral mdexes m school age chddren and adoles
cents (5-16 years)

V1
0'1

Author Age Design Groups,n
(hematologic selernon
criteria) [hematologic
group means]

Basehneto
follow-up

Measures BasehnedIfferences DIfferences at follow up

OBSERVATIONALSTUDIES

39 Seshadn and Gopaldas 1989 IndIa Study 1
re report ofSeshadn et al 1982 Study 1 above

39 Seshadn and Gopaldas 1989 IndIa Study 2
re report of Seshadn et al 1982 Study 2 above

39 Seshadn and Gopaldas 1989 IndIa Study 4
re report of Kayshap and Gopaldas 1987 above

39 Seshadn and
Gopaldas
1989

Study 3

IndIa

boys ages 8 15
years

double blmd
mterventlOn

after bemg
tnplet matched
on age Hb
and baselme
cogmtive
functIon
scores subjects
withm each set
were randomly
assIgned to
receIve 30 mg
treatment 40
mg treatment,
or placebo

groups
dlsaggregated
mto IDA and
NA control
groups for
further analysIs

expenmental30 mg
dose (both IDA and
NA) n = 16

expenmental 40 mg
dose (both IDA and
NA) n=16

placebo (both IDA and
ID), n=16

(IDA Hb<105 gIL)
NA (Hb>115 gIL)

IDA + Iron
[98 ± 2 0 moderate]

IDA+ placebo
[placebo
98 ±2 6
nonspecifiable1

4 months

30 mg or 40 mg
oral ferrous
sulfate therapy
for 2 months

cogmtrve
functIOn tests
VISUal recall
dIgIt span
maze
clencal task

After dIsaggregatIon
30 mg and 40 mg Iron

treated IDA and NA
children Improved theIr
mdIvidual and overall
cogmtive scores except for
the 30 mg group on mazes
The overall scores of the

Iron treated groups were
hIgher than the placebo
treated group WIth the 40
mg group showmg more
mdividual child Improve
ment on vIsual recall, dIgIt
span maze and clencal
task and the 30 mg group
showmg more IndIVIdual
child Improvement on
clencal task and vIsual
recall
These dIfferences resulted

from changes m the
anemIC Iron treated group
whIch Improved more than
dId the placebo treated
anemIC group and all NA
groups
All subjects gIven Iron

responded hematologically
WIth no dose effect
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40 Soemantn average 10 S double blInd IDA n=S8 3 months oflO EA Note that In thIs prelIml- Note that m thIS prelIml
1989 years InterventIon (Hb <110 plus one mg oral ferrous maths nary study no statiStical nary study no statistical

~abnormal bIOchemICal sulfate treat bIology analysIs was performed analysIs was performed '"6
IndonesIa IDAandNA measure) ment WIth socIal sCIence Iron treated IDA chIldren '"::t

control chIldren [IDA + Iron mean developmental language No apparent IQ dlffel appeared to consIstently E;-
randonIly Hb=97 7 ± 4 0 assessments at 3 ences noted between show Improvement on all a
assIgned to IDA + placebo months and at 6 groups EA measures at all follow
receIve treatment Hb=96 8±S 1 months NA chIldren appear to ups mcludIng 3 months
or placebo nonspeclfiable] (3 months after perform better than IDA after completIOn of

NA n=72 therapy chIldren on all EA therapy
(Hb > 120 plus one completIOn) measures There was also a SImIlar
normal bIOchemIcal NA chIldren were taller ImprovIng trend In the
measure) and heavIer than IDA placebo treated group

chIldren although thIS appeared to
be of a smaller sIze
The changes In the NA

chIldren were not In any
consIstent dIrectIOn or of a
large sIze

41 PollItt et al 9 11 years double blInd IDA n=101 2 weeks 50mg RPCM IDA chIldren scored lower All chIldren Improved
1989 InterventIOn (Hb <120 giL plus two oral ferrous on IQ dId than NA control theIr scores at follow up

abnormal measures) sulfate and 14 EA chIldren regardless of Iron status
ThaIland before Iron status [non specIfiable] weeks 100 mg ThaI language There were no dIfferences

had been ID n=47 OJ al ferrous maths IDA and ID chIldren m Improvement between
assessed chIldren (HbE9120 giL plus two sulfate scored lower on ThaI the Iron and placebo
were randomly abnormal measures) language than dId NA treated chIldren
assIgned to NA n=1210 control chIldren
Iecelve treatment (HbE9120 giL plus
or placebo normal bIOchemIcal

measures)

42 Bruner et al 13 18years double blInd ID + treatment n=37 8 weeks of325 cognmve Both groups were SImIlar Iron treated group had
1996 InterventIOn (Hb >12 0 gldL mg ferrous functIOnIng on hematologIC and hIgher mean SF and Hb

SF <12 0 flg/L) sulfate twICe per BnefTest of cognItIve measures values
USA ID gIrls [Hb 13 1±0 7 SF day Attention There was no effect of

randomly 9 1±2 2] Symbol DIgIt Iron treatment on any of
assIgned to ID + placebo n=36 ModalItIes Test the measures of attentIOn
receIve treatment (Hb >12 0 gldL VIsual Search Treated gIrls performed
or placebo no SF <12 0 flg/L) and AttentIOn SIgnIficantly better than
NA control [Hb 13 O±O 7 SF Test baselme scores and the
group 8 5±2 6] HopkIns Verbal placebo treated group on

LearnIng Test the total recall score of the
HopkIns Verbal LearnIng
Test

U1
'I



Legend

ID iron deficiency (deficient) IDA, iron deficiency anemia (anemiC) Idepl, iron depleted 1M mtramuscular NA nonanemiC control Hb hemoglobm Hct, hematocnt, MCV mean
corpuscular volume SF serum ferntm

BLDQ, Brunet Lezme s Developmental Quotient BSID Bayley Scale of Infant Development DAM IQ Draw a Man IQ Test EA EducatlOnal Assessment lBR Infant BehaViOur Record
(subscale of BSID), MOI Mental Development Index (subscale of BSID) POI Psychomotor Development Index (subscale of BSID) PPVT, Peabody Picture Vocabulary Test RAVLT, Rey
AudItory Verbal Learmng Test, RPCM Raven ProgressIve Color Matnces SBIQ, Stanford Bmet IntellIgence Quotient U/HSPD Uzgms and Hunt Ordmal Scales of Psychological Develop
ment WNAC Wechsler Intelligence Scale for Children WPPSI Wechsler Preschool and Prlffiary Scale of Intelligence

ObservatiOnal baselme hematologic and nonhematologIC measurements only are taken from groups to be compared mterventlOn the IDA and ID groups are gIven Iron supplementatiOn
usually after baselme hematologIC and nonhematologIC assessment preventative IDA and ID m a nsk populatiOn are prevented With prophylactiC supplementation from an early age, and
the development of the subjects is compared WIth the development of subjects from the same populatiOn not given supplements placebo control a subgroup of the IDA or ID children are
given a placebo accordmg to the same procedure as the admmistratiOn of the Iron supplement randomized subjects are randomly aSSIgned to treatment or placebo groups NA control an
NA group IS mduded, usually matched to the IDA or ID group for age (as a milllmum) and given the same developmental assessments Here the NA control group often receIves the same
iron supplementation or placebo admmistratiOn as do the IDA and ID groups

To convert from conventiOnal values to SI values, use the followmg factors for ferntm, multiply by 1 to convert from ng/mL to !Jg/L for hemoglobm multIply by 10 to convert from g/dL to
gIL, for hematocnt multiply by 0 Oland delete the percent SIgn
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Appendtces

APPENDIXB

List of studies used in the
bibliography, by category

Stuches of the Short-term Effects ofIDA and ID Infants
andYoung Children (6B24 Months)

Aukett et al (1986) Reference 12

Demard et al (1981) Reference 1

Grmduhs et al (1986) Reference 3

Heywood et al (1989) Reference 17

IdJradmata and Pollitt (1993) Reference 15

Johnson and McGowan (1983) Reference 2

Lozoff et al (1982a) Reference 8

Lozoff et al (1982b) Reference 7

Lozoff et al (1982c) Reference 6

Lozoff et al (1985) Reference 11

Lozoff et al (1986) Reference 4

Lozoff et al (1987) Reference 13

Lozoffet al (personal commumcanon, 1996) Reference
19

Moffat et al (1994) Reference 18

OsIa and Homg (1978) Reference 5

OsIa et al (1983) Reference 10

Walter et al (1983) Reference 9

Walter et al (1989) Reference 14

Studies of the Long-term Effects
of IDA and ID: Infants and Young
Children (6B24 Months)

Cantwell (1974) Reference 26

Hurtado (1995) Reference 22

Lozoff et al (1991) Reference 25

Paln et al (1983) Reference 23

Paln et al (1985) Reference 20

Walter et al (1990) Reference 24

Wasserman et al (1992) Reference 21

Studies of the Effects of IDA and
ID: Preschool Children (2B5
Years)

Demard et al (1986) Reference 29

Pollitt et al (1978) Reference 27

Pollitt et al (1983) Reference 28

PollItt et al (1986) Reference 30

Soewondo et al (1989) Reference 31

Studies of the Effects of IDA and
BD: School..age Children and
Adolescents (5rs 11 6 Years)

Bruner et al (1996) Reference 42

Groner et al (1986) Reference 37

Kayshap and Gopaldas (1987) Reference 38

Pollitt et al (1989) Reference 41

PollItt et al (1985) Reference 35

SeshadrI and Gopaldas (1989) Reference 39

SeshadrI et al (1982) Reference 34

Soemantn (1989) Reference 40

Soemantn et al (1985) Reference 36

Webb and OsIa (1973a) Reference 32

Webb and OsIa (1973b) Reference 33
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APPENDIXC

Abnef descnptIon of the test mstruments used m the study of ID/IDA on cogmtIon, behavIOr, development, and

educatIonal achIevement

Tests are hsted m alphabetIcal order A descnptIOn of each test IS gIVen and/or the name of the test pubhsher

1 • Tests of Development,
Behavior, and Intelligence

Bayley Scale of Mental Development

Bayley N (1969) Bayley Scales ofInfant Development
Manual New York PsychologIcal CorporatlOn

The scales gIve three complementary tools for assessmg

a chIld's developmental status between the ages of 2

months and 2 years The test IS gIven mdiVIdually

1 The Mental Scale (MDI) Measures perceptIOn,

memory, learmng, problem solVIng, vocahzatlOn, the

begIllnmgs ofverbal commumcatIOn, and rudImentary

abstract thmkmg

2 The Motor Scale (POI) Measures gross motor abIlI

tIes, such as sIttmg, standmg, walkmg, and stair chmb

mg Also measures mampulatory slalls of hands and
fingers At the mfant level, these abIlItIes are conSIdered

to play an Important part m chIldren's mteractIOns WIth
the enVIronment and thus m the development of theIr
mental processes

3 The Infant BehaVIor Record (IBR) ThIs IS a ratmg
scale completed by the exammer after the other two parts

have been gIven It assesses varIOUS aspects ofpersonal

Ity development such as emotIOnal and SOCIal behaVIor,

attentIon span perSIstence, and goal dIrectedness

U S norms were developed for chIldren 2 to 30 months
old The MOl and POI gIve separate developmental
mdexes expressed as normahzed standard scores With a
mean of 100 and a standard deVIatIOn of 16 (as m the

Stanford-Bmet) Raw scores on mdlVldual subtests may

also be used

The scales are adVIsed for assessmg current developmen

tal status and not for predlCtmg future abIlItIes They
may be useful m the early detectIOn ofsensory and neu
rologICal defects, emotIOnal dIsturbances, and enVIron

mental defiCIts

Beery Test of VISual Motor Integrabon

Beery KE (1982) AdmmIstratlOn, sconng, and teach
mg manual for the developmental test ofVlsual-motor
mtegratlOn Cleveland, OH Modem Cumculum Press

Bourden-Wlsconsm Card Sorbng Test

Heaton RK (1981) A manual for the Wisconsm Card
Sortmg Test Odessa, PL PsychologIcal Assessment
Resources

The test was ongmally developed to measure concep
tuallevels of the normal adult populatIOn It has, how

ever, become very popular m chmcal neuropsychology
and IS regarded as senSItIve m revealmg behaVIOral n
gidIty, whICh IS typIcally exhIbIted by patIents WIth fron

tal lobe syndrome Adult-level performance m the test
emerges at the age of apprOXImately 10 years

The test IS gIven mdlVldually It conSIsts of two IdentIcal

packs of cards whlCh the subject has to categonze With

the help offour stImulus cards and cued feedback gIven
by the expenmenter When a partICular sortmg cnte
non (color, form, or number) IS estabhshed, the expen
menter changes It unexpectedly The test IS finIshed when
SIX categones have been IdentIfied or all (128) cards have

been used Successful performance reqUIres reasonmg

ability and fleXibIlIty to alter sortmg strategIes
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Brummks-Oseretsky Test of Motor ProfiCIency

Hen lck VB (1959) The Iowa School Performance Test
In Buros OK, ed The fifth mental measurements
handbook Htghland Park, N] Gryphon, p 311 (also
publtshed by Amencan Gutdance SerVlce m 1978)

Ongmally pubhshed m RussIa m 1923 The most recent

verSIon was pubhshed m 1978 DesIgned to cover all
maJor types ofmotor behavIOr and used for testmg men
tally retarded chIldren (who frequentlv have motor
Imparrment) and chIldren With motor handICaps, mmI
mal bram dysfuncnon, or learnmg dIsabIlInes Stan
dardIzed for ages 4 to 14 years The complete bat
tery conSIsts of 46 Items grouped mto eIght subtests It
takes 45-60 mmutes to complete and gIves three scores
a Gross Motor ComposIte, whICh measures performance
of the large muscles (shoulders, trunk, and legs), a Fme
Motor ComposIte, which measures performance of the
small muscles (fingers, hands, and forearm), and a total
Battery ComposIte Score There IS also a 14-Item Short
Form, whICh gIves a smgle mdex ofgeneral motor profi

Ciency

Brunet-Lezme's IQ Test

Brunet 0, Lezme I (1951) Le developpement
psychologlque de l'enfant Pans Presse Umversltmre
de France

A French verSIOn of Gesell's developmental schedule
The test conSIsts of 10 items for each age (bIrth, 3, 6, 9,
12, 18, and 24 months) Psychomotor development IS
measured by four subscales (1) motor development,
(2) coordInanon development, (3) language develop
ment, and (3) SOCial-personal development

Denver Developmental Screenmg Test

Prankenburg VVK, Dodds IB, Pandal AW (1973) Den
ver Developmental Screenmg Test manual workbook
for nursmg and paramedlcal personnel Denver, CO
UmverSlty ofColorado Medlcal Center
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The test was deSigned for use With chIldren from bIrth to
6 years ofage It measures mfant and child development
and is dlVlded mto four parts (1) personal-SOCial, e g,
ability to put on and remove clothes, (2) fine-motor
adapnve, e g, ability to draw, (3) language, e g, ability
to use plurals, OppOSIte analogies, define words, and (4)

gross motor slclls, e g , ability to throw a ball

USage-standardIzed scores are available The test has

been vahdated agamst the Bayley Scale of Infant Devel
opment and the Stanford-Bmet and also standardIzed
for use m multIraCial commumnes

Goodenough-Harns Draw-a-Man Test

Hams DB (1962) Chtldren's drawmgs as measures of
mtellectual matunty a revlSlon and extenslOn of the
Goodenough Draw-a-Man Test New York Harcourt
Brace and World

Draw-a-Man Test was first standardIzed m 1929 Cur
rent verSIOn was restandardIzed by Hams m 1962 The
test mstrucnons are Simply, "Make a pIcture of a man,
make the very best pICture that you can» There are also
mstructIOns for drawmg a woman and for drawmg one
self It may be given mdIViduallyor m groups Empha
SiS IS placed on the child's accuracy of observatIOn and
on the development ofconceptual thmkmg, rather than
on arnstIC slcll Pomts are gIven for the mclUSIOn of
mdlVldual body parts, clothmg details, proporuon, per
specnve, etc The maxImum number of pomts for the
man or the woman IS 73 and 71, respecnvely These are
transformed mto standardized scores based on U S
norms With a mean of 100 and a standard deVianon of
15 An altemanve, SImplIfied scormg system called the
Quahty Scale may be used where the child's drawmg IS
matched to tJ.,e one It resembles most closely m a graded
senes of 12 sample pIctures

In older children, performance on the test IS said to cor
relate well With tests of reasonmg, spatial abIlIty, and
perceptual accuracy, whereas m pre-schaal-age children
It correlates best With numencal aptItude Performance
on the test IS qUIte heavily mfluenced by cultural back
ground
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IDmols Test of PsychobngUlstIC AbilitIes Re
Vised (ITPA-R)

Champmgn, IL UmverSlty of fllmOlS Press

TIns IS an mdlVldually arummstered test for ch:tldren 2
to 10 years old The test was deSIgned to follow a three
dImensIOnal model of the process of commUnICatIOn

The model has two channels (audItory-vocal and VI

sual-motor), three processes (receptIve, organlZmg, and
expressIve), and two levels (representaTIonal and auto
maTIc) The abiliTIes covered by the test are located at
the mtersectIOns of the three dImenSIOns E g , the
Manual ExpreSSIOn Test asks chIldren to perform a
manual gesture to "show what we do With" each pIC
tured obJect such as a telephone ThIS task mcludes the
followmg dlffiensIOns VlSUal-motor channel, expreSSIve
process, and representaTIonal level

The ITPA IS consIdered very culturally restncted m that
It was developed for US middle- class ch:tldren, so ItS
use IS not recommended for lower-SOCIOeconomIc or
mmonty groups

Iowa Tests of BasiC Skills Levels A-F. Form 3

Chlcago Rlverslde PubllShmg Company

ThIS IS a test ofeducaTIonal achIevement m U S ch:tldren
m kmdergarten to grade 9 The battery gives a profile of
scores on the maJor acaderruc areas of readmg, wntmg,
and anthmetIC The three domams tested are (1) lan
guage (vocabulary, readmg comprehenSIOn, spellmg,
capItalIZaTIon, punctuatIOn, language usage), (2) work
study skills (VlSUal matenals, reference matenals), and
(3) mathematICS (mathematIcal concepts, problems
solVlng, computatIOn)

Performance on the test at rufferent grades can be dI
rectly compared

Mulh-Level Informal Language Inventory (MILl)
Intelltgence Scale for Preschool Chlldren

Developed by C Goldsworthy and W Secord m 1982,

the test measures language growth and development m
Israeh children 4-6 years old

PeabodyPictureVocabuIaryTest. ReVISed (PPVT
R)

Dunn LM (1981) Peabody Plcture Vocabulary Test
Revlsed Orcle Pmes, MN Amencan Gutdance Ser
wce

The test prOVIdes a qUIckmeasure ofthe "use"ofvocabu

1ary It takes around 15 mmutes to complete and con
SIStS of a senes of 175 plates, each contammg four pIC
tures As each plate IS presented, the exammer proVldes
a STImulus word orally The test taker responds bypomt
mg to the pIcture on the plate that best illustrates the
meanmg ofthe sTImulus word It IS espeCIally useful for
testmg vocabulary use among people who are not hter
ate, who are not able to vocabze well, or who are deaf
In sturues mvesTIgatlng the effects ofIron defiCIency ane
rrua on ch:tldren's cogmTIve/motor/mental development,
It IS sometlffies used as a relatIve measure of the educa
tIOnallevel ofparents Performance m the Umted States
and the Umted KIngdom correlates well With other vo
cabulary tests and also reasonably well With verbal m
telligence, educatIonal achIevement, and scholastIC ap
tItude

Peterson-Quay BehaVior Problem Checkhst

Peterson DR, Quay HC (1967) Manual for the Be
hawor Problem Checkltst Unpubltshed manuscnpt,
UmverSlty ofIlltnOls

Ravens Coloured Progressive Matnces

London HK LewlS & Co Ltd, San Antonw, TX Psy
chologlcal Corporahon

ThIS IS an eaSIer verSIOn than the Ravens ProgreSSIve
Matnces (RPM) RPM was deSIgned m 1983 as a mea
sure ofmtelligence, speCIfically Spearman'sg factor Per
formance IS based on an abilIty to analyze/mterpret ab
stract Items The colored verSIOn has three parts, each
With 12 Items Each Item conSISts of a pICture of a pat
tern at the top or a senes of pIctures arranged m a ma
tnx from whICh a pIece IS mIssmg Ch:tldren are asked to
pICk from SIX chOICes the pICture that completes the pat
tern or matrIX The eaSIer Items measure accuracy of
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dIscnnunatIOn, and the more dIfficult Items measure
analogIes and lOgical relatIOns It can be given mdlVldu
ally or m groups There IS no tune lmut, although chil
dren usually complete It m 10 to 40 mmutes

Shaefer Classroom BehavIor Inventory

Shaefer ES, Droppleman LE, Kalverboer AF (1965)

Development ofclassroom behavwr checkltst and fac
tor analyses ofchtldren's behavwr m the Umted States
and the Netherlands Proceedmgs ofa Conference of
the Soaety for Research m Chtld Development, Mm
neapolts, MN

The Classroom BehavIOr questIOnnaIre was desIgned

for use as a routme screenmg procedure for learnmg
and behavIOral problems of children Children are as

sessed by theIr teachers There are 60 questIOns on sec
TIons mdudmg (1) learnmg achIevement (assessed by

readmg, wnTIng, spellmg, anthmeTIc, and general knowl
edge), (2) task onentatIon-(2a) posItIve task onenta
TIon (comprehensIOn, perSIstence, and self-control) and

(2b) negatIve task onentatIOn (distractIbIhty, lack of
discIplme, and motor restlessness)-and (3) mood
(aruaety, depressIOn, aggressIveness, and mood swmgs)
Each queSTIon IS scored on a four-pomt scale (0-3) The
questIOns have equal weIght

Shendan Developmental Sequences

Shendan M (1978) Chtldren's developmentalprogress
Windsor NFER, pp 1-55 (currently out ofpnnt)

Stanford-Bmet Intelligence Scale

ChlCago RIversIde Publtshmg Company

OngInally deSIgned m 1905 as a measure ofIQ/general
mtelhgence The current (fourth) edItIOn was pubhshed
m 1986 It IS admmistered mdiVIdually FIfteen tests
measure four cogniuve domams (1) verbal reasomng,
e g , vocabulary, comprehensIOn, (2) abstract/vIsual
reasonmg, e g, number senes, equatIOn bmldmg, (3)
quanTItaTIve reasonmg, e g , pattern analySIS, copymg
paper foldmg, and cuttmg, and (4) short-term memory,
e g , bead, sentence, dIgIt, or obJect memory The Items
are gIven m a mIXed order to retam a child's mterest and
attentIOn SIX of the tests are used for all ages, whereas
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the remammg nme tests eIther begm or end at a hIgher
level

Although the overall score gIves a useful measure ofIQ,
the scores on the mdlVldual subtests prOVide mforma
tlon on speCIfic learnmg dIfficulTIes U S normahzed
age-standarc:hzed scores are available for mdlVlduals 2
to 23 years old The overall score has a mean of50 and a
standard deViaTIon of 8, whereas the scores for each of
the four cogmtive domams have a mean of 100 and a
standard deViatIOn of 16 Raw scores on mmVIdual
subtests can also be used

Uzgms and Hunt Ordmal Scales of PsycholOgi
cal Development

UzgmsIC, Hunt]McV (l975) Assessmentm mfancy
Ordmal Scales ofPsychologIcalDevelopment Urbana,
IL UmverSIty ofnlmols Press

Wechsler Intelligence Scales

Wechsler Adult IntellIgence Scales-RevIsed (WAIS
R)

Wechsler Intelligence Scale for Chddren-Re
Vised (WISC-R)

Wechsler Pre-school and Pnmary Scale of Intelll
gence-Revzsed (WPPSI-R)

New York PsychologIcal CorporatIon

There are three scale (1) WArS for adults (> 16 years)
pubhshed m 1939, (2) WISC-R for school-age children
(ages 6 to 16 years) pubhshed m 1974, and (3) the
WPPSI-R for preschool children (ages 4 to 6 years)
pubhshed m 1989 Each scale IS used as measures ofgen
eral mtelhgence and sometnnes as an aid m psychIatnc
dIagnOSIS, and IS gIVen mdIVIdually

Withm each scale there are two mam parts (1) Verbal
Scale In the WISC-R, this constItutes SIX subtests In
formatIOn, SImilarITIeS, AnthmetIC, Vocabulary, Com
prehensIOn, and Memory (DIgIt-Span) (2) Perfor
mance Scale In the WISC thIS constltutes five subtests
PIcture CompletIOn, PIcture Arrangement, Block De
SIgn, ObJect Assembly, and Codmg (or Mazes) Perfor
mance on mdIVIdual subtests can give mformatIOn about
speCific learnmg dIfficulues Subtests that have been used



64 The Effects oflron Defietency on Child Development An Annotated BIblIOgraphy

m stuches on Iron deficIency aneIllla and cogmtIOn are
descnbed mchVIdually below

The scores may be age standarchzed to US norms, WIth
a mean of 100 and a standard deVIaTIon of 15 However,
raw scores or standardIZed scores on mchVIdual subtests
can also be used Performance correlates hIghly (0 80)
WIth the Stanford-Bmet The full battery takes around

60 mmutes to gIve

Woodcock-Johnson Psycho-educabonal Battery

McGrew KS, Werder JI(, Woodcock RW (1991) WI-R
techmcal manual Allen, TX DLM

2. Tests of Cognitive Function

A Brief Test of AttentIOn

Schretlen D, Bobholz J, BrandtJ (1996) Development
and psychometrtc properttes ofthe BrtefTest ofAtten
tton ClmICal Neuropsychology 10 80-89

ThIs IS a measure ofaudItory dIVIded attention m whICh

parTICipants lIsten to a tape ofletters and numbers (e g ,
4-A-8-G-3-2) and are asked to report how many letters

or numbers they hear

Hopkins Verbal Learmng Test

Brandt 1 (1991) The Hopkms Verbal Learnmg Test
development ofa new memory test wIth SlX equIvalent
forms ClmICal Neuropsychology 5125-142

ThIS IS a test ofcogmTIve funCTIon Itis a 12-Item seman

tICally categonzed word-lIst learmng test There are
three free recall tnals, a delayed recall tnal, and a yes/no

recogmtIOn test PartICIpants are read the same lIst of

words three tImes, and each tIme they are asked to re

peat as many words as they can recall Twenty mmutes

later they are asked to say whICh words they remember

and are read 24 words that mclude the ongmal12 words

plus 12 semanTIcally related and unrelated words

Symbol DIgit Modahbes Test

SmIthA (1973) Symbol DIgItModaltttes Test manual
Los Angeles Western PsychologIcal Servtces

ThIs IS a nmed measure ofVISUal attenTIon, motor speed,
and rapId cochng m whICh partICIpants pnnt the num

ber that corresponds to a WrItten symbol lIsted at the

top of the test page The task IS then repeated With the

partICIpant saymg the dIgits

VISual Search and Attenbon Test

PsychologIcal Assessment Resources (1990) VIsual
Search and Attentton Test professlOnal manual
Odessa, PL PsychologIcal Assessment Resources Inc

ThIs IS a nmed test of VISUal scannmg, target detectIOn,

and cancellatIOn m whIch parTICIpants locate and cross

out letters or symbols that look lIke the target

Test of Attenbon m Infants-HabltuabonIFIXa
tlon

Test reported by Heywood et al (1989)

The chIld was seated on ItS mother's lap Two meters m
front of the mother and chIld was a screen WIth a peep
hole m the mIddle The observer sat behmd the screen
out of SIght of the child and observed and TImed the

VISUal fixatIOn ofthe child to the stImulus WIth a cumu
laTIve stopwatch and recorded the number of lookmg
epIsodes The STImulI were presented m front of the
screen Two sTImulI were used a bnghtly colored blown

up plaSTIC fish or doll The fish was presented for four
tnals, each laSTIng 30 seconds, WIth a IS-second mterval

The doll was presented on the fifth tnal for 30 seconds

At the start of each tnal, the STImulus was pressed so It

would squeak

Consonant Trlgrams

Test used m Groner et al (1986) No reference pro
VIded
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Rey AudItory Verbal Learmng Test

Test used m Groner et al (1986) No reference pro
vIded

3. Discrimination Learning

(1) Two cholCes wIth three-dlmenswnal objects

The chIld IS presented two three-drrnenslOnal objects (toy

car, toy whIstle, etc) mounted on wooden bases A yel

low happy face IS pasted on the bottom of only one of

the bases The child's task IS to dIscover whICh stImulus

hIdes the happy face underneath It After each trIal the

stlffiu1l are rearranged out of the child's Vlew, and the

procedure contmues until a cntenon of seven correct

responses m a row IS met The reverse problem IS then

admm1stered Wlth the same cntenon

(2) Two chmces wIth two-dtmenswnal objects

The task IS IdentICal to the three-dlffienslOnal task ex

cept that the happy face IS pasted on the bottom of a

cardboard pICture cut from a child's book

Short-Term Memory Task

A large number of two-chOICe Vlsual d1scnmmatIOn

learnmg problems cons1stmg of two-d1mensIOnal pIC

tures are presented concurrently for a total of four tnals
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each Tnals 1and 2 are consecutIve Tnals 2 and 3 have

eIther zero, four, or eIght mterpolated 1tems separatIng
them Tnal 4 occurs 24 hours later A happy face IS

posted on the back of the correct stlffiulus

OddIty Leammg

Three two-dImenSIOnal pICtures (stlffiu1l) are presented

SImultaneously on a black card, and two of the stlffiu1l

are 1dentIcal The only mstructIOns gIven are "to find

the wmner" The correct answer/Willner 1S the pIcture

that 1S d1fferent from the other two (oddIty) In the first

tnals, new stlffiu1l are used each tlffie In the remammg

trIalS the same stlffiu1l are repeated each tlffie m an AAB,

ABB manner Thus, the spec1fic character of a stlmulus

does not determme ItS correctness, rather, 1t 1S the rela
tIOnsh1p of a character to other stlffiul1 m the array

Matchmg Famtltar FIgures Test-Form F

The child IS shown two cards one card, the standard,

has a p1cture on 1t, and the other card has pIctures of SlX

vanants of the standard The child has to match the

standard and one ofthe alternatIves The tlffie taken for

the first response and the errors made before a perfect
match IS acmeved are recorded

The remmnmg cogntttve tests mentlOned m the BtbllOg
raphy are all tests wlthm the Wechsler Scales These
mclude Mazes, Clertcal Task, Vtsual Recall, Dtgtt-Span,
Dtgtt-Symbol, Anthmettc, and Vocabulary


