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INTRODUCTION

™ ron deficiency (ID) 1s a major public health problem
affecting more than 2000 million persons worldwide

b Iron 1s an essential nutrient not only for the normal
growth, health, and survival of children, but also for their
normal mental and motor development and cogrutive func-
tioning Iron deficiency with anemuia (IDA) 1s associated
with significantly poorer performance on psychomotor
and mental development scales and behavioral ratings in
mnfants, lower scores on cognitive function tests mn 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-
amune the effects of ID and IDA on mental outcomes,
yet the evidence 1s not always complete nor conclusive
A need was 1dentified, 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 therr own conclusions from the available evidence,
and venify any data reviewed or summarized elsewhere

Thus bibliography 1s intended to be used m conjunction
with and as a supplement to the Oxford Brief Child
Development and Iron Deficiency (by Alizon Draper,
ILSI Press, May, 1997)

Studies Included in the
Bibliography

Included 1n this bibliography are studies that have looked
directly at the relationship between 1ron status and some
mental or developmental outcome mn humans Because
this 1s the main focus of the bibliography, as far as pos-
sible all of the papers published in this area have been
mncluded and individually described and summarized All
reviews on this topic are listed 1n the Reading List sec-
tion

At the end of the bibliography, a description of selected
papers on related topics (Satellite Issues) 1s included such
as studies mvestigating the relationship between 1ron sta-
tus and mental and motor development 1n animals Pa-

pers were selected 1f they were considered to have used
a strong expertmental design, were a good or representa-
tive example of the type of research in the area, and gave
a comprehensive review of the subject

Structure of the Bibliography

The bibliography consists of 5 parts
1 Detailed description of each experimental study
Detailed tabulation/summary of each study

2

3 Brief tabulated summary of studies

4 A list of reviews given 1n the reading hst
5

A summary of studies on related/satellite 1ssues

The following description of the structure of the bibh-
ography refers only to those papers that have directly
examined the relationship between wron status mn hu-
mans and its effect on mental function and development

The bibliography has been structured to focus on the
age of subjects studied, the experimental design, and the
date of publication Specific details on each of these de-
scriptors are given below

Age The papers are described and catalogued first ac-
cording to the three main age groups bemg studied A
discussion and overview of the results for each age group
15 given at the beginning of each section The age groups
are as follows

it 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

i Preschool children Subjects studied were children
ages 2 to 5 years, the outcome measure was cog-
mitive function

B School-age children and adolescents Subjects
studied were children between ages 5 and 16
years, the outcome measures were cognitive func-
tion and educational achievement
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Age 1s emphasized because 1t seems to determine the
observed level and type of developmental or cognitive
response to rron treatment The age of children who may
requure preventative or supplementary ron treatment also
has important public health imphcations because children
mn dufferent age groups are accessible through different
channels, thus, age also determnes the most appropriate
delivery system

Experimental Design Within each age group, studies
are further classified under subheadings according to ex-
perimental design Because of the complex range of mn-
tervention trials that have been undertaken (particularly
m studies with mnfants), studies have been grouped ac-
cording to the following subcategories

[ ] Observational

E Intervention These are further divided into stud-
1es assessing short-term or long-term effects
Short-term studies looked for an improvement in
mental or motor outcomes from 1 week to 8 months
after iron supplementation Iron supplementation
n these short-term studies was either brief or ex-
tended (with or without a placebo group) With
brief supplementation, children were supplemented
with wron for 5 to 10 days only, with extended
supplementation, children were supplemented with
won for more than 2 months Long-term studies
looked at the effects of ID and IDA or the ben-
efits of 1ron supplementation more than 2 years
later These studies also include prospective stud-
1es (no treatment given)

| Preventative

Anunderstanding of the experimental design 1s important
for interpreting the results from each study and for draw-
mng valid conclusions Thus, a brief description of the ad-
vantages and disadvantages of each expermmental design
15 given below

In observational, cross-sectional, or case-control studies,
ron and psychometric or developmental measurements
are taken from experimental groups at one time point
only These types of studies can show that one condition
(developmental status) 1s associated with another (iron
status) but they cannot determune the causahty of the
relationship For example, other factors associated with
1ron status (such as socioeconomic conditions, maternal

education, and other nutritional deficits) could be re-
sponsible for the observed developmental level of chil-
dren

In intervention studies, the groups with ID and IDA are
given 1ron supplements after the imtial baseline develop-
mental or psychometric assessment and then the devel-
opmental and psychometric assessments are repeated to
determine the degree of improvement Intervention stud-
1es may be double-blind, randomized, and treatment or
placebo-controlled, but those that include all of these fea-
tures will have the strongest experimental design and the
best ability to infer causality between the putative cause
(rronstatus) and the outcome (cognition or development)

Thus 15 because each feature 1s designed to ensure equal-
1ty among the groups 1n all respects (for example, 1n so-
caoeconomic status (SES), maternal education, and nutni-
tional status) other than the treatment they were given so
that any confounding variables are equally distributed
between the control and experimental groups If this 1s
ensured, the experimental groups can be directly com-
pared and the unmque effect of iron treatment on chuldren’s
development determimed

In a double-blind trial, both the subjects and the person
who assesses the response are unaware of which group
the child has been assigned to and what treatment has
been given This means that both groups will be dealt
with by the experimenters in the same way and also that
one group of children will not feel more or less privileged
than another

In a randomized trial, children are assigned randomly to
the treatment groups (treatment and no treatment or treat-
ment and placebo) Random assignment should ensure
that all the characteristics of the two groups are similar
so that any differences among individuals, for example,
differences 1n SES, are equally distributed between the
two groups

In a placebo-controlled trial, an effective control 1s pro-
vided by the placebo, an mert preparation formulated to
appear indistinguishable from the 1ron supplement It s
mmportant to give a placebo to the control group because
it accounts for unspecific differences in developmental
or cognitive responses that arise simply from the children
bemng given something rather than nothing Without a pla-
cebo group it 1s not possible to determine whether 1m-
provement 1n development or cognition observed after
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ron supplementation 1s due to improvement 1 1ron sta-
tus or to something related to ron but not wron 1tself,
such as low birth weight, lack of breast-feeding, or envi-
ronmental disadvantage

The 1inclusion of a nonanemuc, won-sufficient control
group (which may or may not be matched with the ID
or IDA group), although not essential to a treatment-
or placebo-controlled trial, 1s important for two rea-
sons First, the inclusion of an 1ron-sufficient group can
help determine whether there 1s any 1itial deficit in de-
velopmental or cognitive outcome between the children
with ID or IDA and the wron-sufficient children If no
deficit exasts at baseline, an improvement following treat-
ment would not be expected Second, an iron-sufficient
group can help determine whether the adverse effects of
ID or IDA on performance are fully or only partially
reversible following treatment, that 1s, whether the im-
provement in performance of children with ID or IDA
who recetved 1ron treatment 1s large enough for them to
catch up to the ron-sufficient control group by the end
of the study

In conditions in which benefits from treatment have not
been commonly observed, it 1s difficult to determine
whether this 1s 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
15 considered the case, this could be studied 1 a preven-
tative trial m which children who are supplemented (by
recerving ron-fortified milk formula, for example) and
protected from becoming iron deficient with anemia are
compared with children who are not supplemented Al-
though preventative trials have not been commonly un-
dertaken 1n this area of research, they are considered to
have a strong experimental design

Date Studies are presented within each of the subsec-
tions (e g , under observational studies, mtervention trials,
or preventative trials) according to the year in which they
were published The date of publication is considered
mmportant for putting the studies mnto a hustorical perspec-
tive and for observing how the research methods and
questions progressed over time

Dther Features of the Studies
Highlighted in the Bibliography

Certain key features of each paper presented have been
emphasized 1n the text and 1 the tabulated summary

(Appendix A) because they are considered important
for mnterpreting results and for comparing results across
studies These characteristics include the location of the
study, the 1ron status of children at baseline, the length
of treatment, and the developmental, cognutive, or edu-
cational outcome measures used

Location of Study It 1s conceivable that baseline differ-
ences and responses to wron therapy could vary accord-
ing to the environment m which the chuld has grown up
For example, some environments may put children at n-
creased risk of anemia or ID whereas others may pro-
vide chuldren with psychological buffers that prevent such
hematologicimpairment impeding development

Iron Status of Children Whether children recruited to
the study have ID or IDA 1s clearly specified because
evidence suggests that the effects of these conditions on
development or psychometric function may differ Usu-
ally, only IDA 1s associated with lower developmental or
cognitive scores, but this 1s not exclusively so and 1t 1s not
easy to differentiate whether the effect on development
or cognition 1s due to the severity of the deficiency mn wron,
the age of onset of deficiency, or the duration of the defi-
clency

A distinction has also been made between severe, mod-
erate, and mild IDA Where possible, the authors’ defini-
tions have been used, otherwise, the mean hematologic
values within each group as specified 1 the paper are
used This 1s because, while there are international crite-
na for definmg IDA, (Hb 110g/L for children between 6
months and 6 years of age (WHO, 1972), the studies
have not applied these criteria consistently For example,
according to Lozoff et al (1987), a hemoglobin concen-
tration less than 10 0 g/dL (or 100 g/L, to convert con-
ventional values mn g/dL to SI values n g/L, multiply by
10) signifies moderate anenua and greater than or equal
to 10 0 g/dL and less than 11 0 g/dL signifies muld ane-
mia Onthe other hand, according to Demnard etal (1981),
values of hemoglobin greater than 11 0 g/dL and a serum
ferritin less than or equal to 9 ng/mL (or 9 g/L, to convert
conventtonal values 1n ng/mL to SI valuesm g/L, multiply
by 1) signify severe ID, and values for hemoglobin greater
than 11 0 g/dL and serum ferritin between 10 and 19 ng/
mL signify mild ID When a study includes subjects from
more than one category of severity, 1t 1s classified ac-
cording to the most severely rron-deficient group
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Length of Treatment The length of treatment has been
spectfied because 1t 1s important for determning the de-
gree of improvement m wron status and the replenish-
ment of ron stores It 1s supposed that very-short-term
therapy of less than or equal to 10 days (termed “brief
supplementation”) will not result in any significant rise
in hemoglobin levels but will reduce the level of ID
Longer-term 1ron supplementation of 2 to 8 months
(termed “extended supplementation”) will result in a rise
m hemoglobin and should therefore correct anenua if
present

Developmental, Cogrutive, or Educational Outcome Mea-
sures Used The tests used need to be sensitive to changes
m 1ron status, culturally acceptable, rehable, and valid
for the study population Meeting all these criteria may
be extremely difficult, which may account for the failure
of some studies to show improvement mn the outcomes
measured after iron supplementation

The outcomes used to measure the effects of ID and IDA
must vary according to the age of the children being
studied Most studies with infants looked at differences
on the Bayley Scale of Infant Development (BSID), which
provides mdicators of mental development, motor devel-
opment, and, indirectly, behavior Bybeinga global mea-
sure of development, BSID 1s often criticized as being
msensitive 1 the context of ID because of 1ts mability to
isolate effects on specific functions and 1ts low test-retest
reliability n children younger than age 18 months How-
ever, In the absence of good alternative tests of develop-
ment, BSID is the most commonly used outcome mea-
sure in nfants Thus, 1ts wide usage facilitates compari-
son of results across studies Indeed, when drawing com-
parisons across studies, the term “patterning” has been
used to describe situations i which a group consistently
fails certain items or subtasks of a developmental mea-
sure Studies with preschool children have tended to fo-
cus on trying to 1solate the specific cognitive functions
which are affected by ID and IDA In practice, however,
the range of functions which can be measured m any one
study 1s hmited and the cultural validity of the tests them-
selves may be questionable

Studies with school-age children have tended to mea-
sure educational and/or cognitive function While edu-

cational achievement 1s an important outcome because
effects on school performance have potential to nflu-
ence policy, 1t 1s a global measure and children’s perfor-
mance will be heavily nfluenced by environmental and
soclo-emotional conditions at home and at school For
example, improvements in educational achievement fol-
lowing iron treatment may be difficult to measure 1f chil-
dren are not attending school regularly or 1if the class-
room 15 not condusive to learning

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

A numbering system has been used so that the papers
described n detail 1n the mam body of the text can be
easily located Each reference has been assigned a num-
ber, which 1s given each time the reference 1s listed Ex-
amples of how to use the numbering system to find a
reference are as follows If the name of the first author 1s
known, look 1n the section Alphabetical List of Included
Studies (on pages 1and u1) and find the reference number
of the paper (given at the end of the citation) A written
summary of the paper can be found within the text, in
which papers are discussed 1n numerical order

Alternatively, to find, for example, all the observational
studies conducted with mfants several options are avail-
able

(a)  for adetaied description, look 1n the Infants and
Young Children (6-24 months) section of the text
under the subheadings Short-term Effects Ob-
servational Studies (page 8), and Long-term Ef-
fects Observational Studies (page 19),

(b) for a hst, Table 1 1n the Infants column and the
Observational studies row (page 6), or in Ap-
pendix A in both the Age and Study design col-
umns (page 39)

(c)  fora detailed tabulation, studies are listed 1n Ap-
pendix B according to the age of the subjects and,
for infants and young children, according to
whether the studies looked at short-term or long-
term effects (page 59)
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Glossary of Terms and Key o

Abbreviations

Each atation 1n the text 1s annotated at the beginning
according to 1ts importance, experimental design,
baseline results, post-intervention and follow-up results,
and conclusions The other subsection includes details
of any noteworthy features of the paper (e g, if the pa-
per usefully discusses biological mechanisms or the role
of potentially confounding variables)

A complementary key word section 1s included with
each annotation Studies reporting a baseline posi-
tive association between hematologic impairment
and low developmental test scores are indicated by
an asterisk (*) Studies reporting an association be-
tween 1ron treatment and developmental improve-
ment are indicated by a dagger (1) A value of p <
0 05 15 considered a statistically significant result

Several terms and abbreviations are used through-
out These are defined as follows

Hematology

Developmental Measures

Studydesign

Hb =hemoglobm

ID = 1ron deficiency
without anermia

IDA = 1ron deficiency
with anemia

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 reporting results, refers to a
statistically significant difference (at least p < 0 05)

Intervention—the IDA and ID groups are given 1ron
supplementation, usually after baseline assessment

Nonanemuic control—a nonanenc group 1s included,
usually matched to the IDA or ID group by age as a
minimum, and given the same developmental assess-
ments, in these studies the nonanemic group 1s often
given the same 1ron or placebo mnterventions as the
IDA and ID children

Observational—only baseline 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 according to the same
procedure as the administration of the 1ron supple-
ment

Preventative—anemia 1n subjects from an at-risk
population 1s prevented early m life with prophy-
lactic supplementation, and development of this
group 1s compared with the development of subjects
from the same group not given supplements
Randomized—subjects are randomly assigned to
treatment and placebo groups

* Studies that report a baseline positive association
between hematologic impairment and low develop-
mental test scores

+ Studies that report an association between iron treat-
ment and developmental improvement

Appendix C gives a summary of the all the psychometric, development and educational tests which have been
used mn studies of ID and IDA
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Table 1 Summary of experimental designs by studies examining the effects of 1ron deficiency with (IDA) or
without (ID) anermia on development or cognition

Infants Preschool

School age

Observational studies
performance of IDA/ID
compared with IS, cross-
sectional design

Short-term effects of
treatment for ID/IDA on
performance

Treatment, no placebo
m IDA group

brief supplementation
(5-10 days)

Extended
supplementation

(2-8 month)

Treatment and placebo,
brief supplementation
(5-10 days)

Extended
supplementation
(2-8 month)

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

Prospective studies (no
treatment or
supplementation)

Effects on performance of
preventing IDA and ID

Preventative trials (1ron
supplementation)

Demardetal , 1981 (1)

Johnson and McGowan,
1983 (2)

Grindubsetal , 1986 (3)

Lozoffetal , 1986 (4)

Walter etal , 1983 (9)

Oskietal , 1983 (10)

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

Pollittetal , 1978 (27)
Pollittetal , 1983 (28)
Demardetal , 1986 (29)
Pollittet al , 1986 (30)
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INFANTS AND

YOUNG CHILDREN

(6-24 MONTHS)

Summary of Findings

There 1s good evidence that IDA s associated with poorer
performance on developmental ratings of infants, but the
data are mconclusive as to the causal nature of these
effects This 1s because most evidence comes from ob-
servations of baseline differences between mfants with
IDA and nonanemic infants Despite efforts to carefully
control for confounding factors during recruitment and in
subsequent statistical analyses, these studies cannot re-
move the possibility that another factor related to ID 1s
responsible for the dufferences observed

What 15 certamn from the evidence 1s that lower develop-
mental test scores are most likely seen n mnfants and
young children with anemua rather than ID alone, fur-
thermore, although precise cutoffs cannot be specified,
the general observation 1s that the more severe the ane-
mua, the more pronounced the effect on test scores Where
low developmental test scores have been found in chil-
drenwho areron deficient without anemua, a small amount
of evidence suggests that 1t 1s severe deficiency that re-
sults in poorer performance

Infants and young children with IDA often show diffi-
culty with language, poor motor coordination and balance,
and perhaps most evident, poorer ratings on attention,
responstveness, and mood assessments In some studies,
assessments of poorer attention and responstveness and
lower motor test scores were found mn the absence of
lower mental development test scores It has been postu-
lated, therefore, that poorer attention, poorer performance
on motor tasks, or both may medrate lower scores on
tests of mental development

Most intervention studies m which oral or intramuscular
iron treatment was administered for less than 2 weeks
used adouble-blind, randomized treatment, placebo-con-

trol design The causal nature of the association between
a change 1n 1ron status (without correcting the anemia)
and poorer performance on developmental tests was de-
termmed However, in none of these studies was a sig-
nificant improvement m mental or motor development
found that could be attributed torron Onlyn the study by
Oski and Homg (1978) [Ref 5], was a benefit of treat-
ment on behaviour observed

Studies with infants that looked at the effects on develop-
ment of extended 1ron supplementation have also mostly
found no significant improvement The best evidence in
support of a causal link between IDA and development
comes from Idjradinata and Pollitt (1993) [Ref 15], who
found a reversal of poor mental and motor developmental
test scores after 4 months of therapy There may be many
reasons why most studies have not found an 1mprove-
ment in development after treatment of iron-deficient or
anemic infants the anemia may not have been particu-
larly severe or chronic, the treatment period was not long
enough to correct the anemia, the developmental tests
were not sensttive enough, parental stumulation or an 1im-
proved socioeconomic environment may be required in
addition to any treatment for children’s development to
progress, the association was not causal, because some
other factor associated with 1ron but not wron 1tself may
have led to the developmental deficits observed at basehne,
or because the effects of IDA on development are not
reversible with treatment

Although these reasons are all plausible, 1t has generally
been supposed that the failure to find a significant benefi-
cial treatment effect 1s because the effects of anenua on
development m mfants and young children are not re-
versible One way to test this hypothesis 1s to conduct a
preventative trial that 1s double-blind and placebo- con-
trolled Iflow developmental test scores are the result of
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some other factor 1n the infant’s environment and not a
result of IDA, then preventing anenua from an early age
should not prevent infants from scoring lower than their
nonanermnic counterparts on tests of development Three
preventative trials have been conducted and different re-
sults were obtained (Heywood et al 1989 [Ref 17],
Moffatt et al 1994 [Ref 18], Lozoff et al 1996 [Ref 19])

It 1s therefore difficult to draw any conclusion, however,
the evidence seems to suggest that IDA m mfants does
affect mental and motor development directly but only
under certain underprivileged conditions - such as i poor
homes or communities, where the prevalence of anemia
18 high, among low birth weights babies or where
breastfeeding 1s uncommon (Moffattetal 1994 [Ref18])

If this 1s the case, then under these conditions prevention
rather than treatment of IDA 1 infants may offer the
greatest benefit Further evidence from preventative stud-

1es with mfants with IDA 1s needed to clarify this 1ssue

Investigations of the long-term effects of anemia 1n n-
fancy have generally shown there to be a significant ad-
verse effect on development or cognition and educational
achievement in later life This relationship appears to ex-
1st even 1n those children who, after recerving iron treat-
ment n mfancy, scored stmilarly on tests of development
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 intelhigence
quotients (IQs), evidence suggests that the same children
performing less well on these scales during a period of
mfant anemia show poorer 1Qs 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 attributable
to confounding varables, such as maternal education,
rather than hematologic status earlier n development (Palta
et al 1983) [Ref 23] The authors found that at age 5
years, the contribution of anemia 1n earher chuldhood to
lower developmental scores was significant even after
confounding variables such as maternal education and
socloeconomic status were controlled for

There are two excellent reviews of the effects of ID and
IDA on infants and children The first by Lansdown and
Wharton (1995) includes all age groups and 1s notable for
its clear tabulation of studies cited, 1ts comprehensive ref-
erence list, and 1ts systematic discussion of methodology
and 1ssues of theoretical importance The second review

by Lozoff (1990) deals exclusively with studies concern-
mng 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 of confounding and cofactors
and highlight areas of the field yet to be studied

Short-term Effects: Observational
Studies

1 Deinard et al (1981) Key Words USA,
age 15 months, ID of various severities,
cross-sectional comparison only, BSID, an
habituation measure, and the Uzgiris and
Hunt Ordinal Scales of Psychological

Development, design observational

Importance This study sought to investigate the effects
of ID on development It 1s of particular interest given 1ts
assessment of independent effects as a function of the
spectfic ID level A specific habituation measure 1s used,
as well as the more global BSID

Design An observational design was used to compare
the various ID groups with one another and an nonanemic
control group

Baseline There was no difference in the overall scores
onany of the measures in any of the iron-deficient groups
and the nonanemuc group However, 1solated and pat-
terned differences were found 1n the severely wron-defi-
cient group on items in the Infant Behaviour Record (IBR,
a subscale of BSID} These children were rated as more
fearful, less auditorily and wvisually attentive, and more
vocal This patterning 1s sumuilar to that reported 1n other
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])

Conclusions A number of difficulties with this paper
have been raised, notably the fact that the hematologic
measures used were unreliable, thus making 1t possible
that some of the children described as iron-deficient may
actually have been anemic The observational design of
the study means that a causal relation between 1ron defi-
ciency and assessments of poorer behavior cannot be
nferred, although 1t should be noted that the paper showed
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a baselme association of ID with lower developmental
test scores that was restricted to the most severely iron-
deficient children However, the use of the unrehable he-
matocrit measure to determine absence of anemia means
that the behavioral effects may still result specifically from
anemia rather than more generally from iron deficiency

Other There 1s a good discussion of the possible meth-
odological and theoretical reasons for their overall non-
significant finding and a comment on the involvement of
environmental risk.

2 Johnson and McGowan (1983) Study 1
Key Words USA, 12 months, IDA, mother-
child interaction tests of actwvity, reactivity,
emotional tone, and attention span, design
observational

Importance This study was conducted for two reasons,
first, the authors wanted to continue to test the associa-
tion between anemia and the behavior of infants, given
that “based on previous research, 1t was hypothesized
that anemuc babies would show disturbed activity levels,
be more irritable, less attentive and less responsive to
therr mothers” Second, the authors wanted to compare
1 Study 1 these behaviours under “low-demand” condi-
tions with relatively high-demand conditions 1n study 2
(below) The authors made a particular effort to deter-
mune the role of potentially intervening variables Under
low demand conditions, children’s behavior was observed
during normal play activity with their mothers

Design This was an observational comparison of IDA
children with nonanemic control children

Baseline Under these low-demand test conditions, there
were no signtficant differences between the groups on
any of the behavioral measures, even when the authors
compared only the most severely anemic infants with the
most clearly nonanemic Interestingly, this lack of differ-
ence between the groups may be explamed by the fact
that these infants were also not different in maternal edu-
cation, family income, birth order, language preference,
or scores on the Home Observation for Measurement of
the Environment (HOME) inventory

Conclusions The hypothesis of baseline association
between anemuia and behavioral disturbance 1s not sup-
ported, perhaps because, as with the Demnard et al (1986)

[Ref 29] differences in development between ID/IDA and
nonanemic children are a result of mtergroup differ-
ences on ntervening variables with which anemua fre-
quently co-occurs Alternatively, the so-called low-de-
mand situation may have been such that “latent” cuffer-
ences between the groups were not manifested

2 Johnson and McGowan (1983) Study 2 Key
Words USA, 12 months, IDA, BSID (including
IBR), design observational, double blind

Importance In contrast to Study 1, children’s develop-
ment and behavior were measured m a relatively high
demand situation 1n which the BSID was given to chil-
dren formally to replicate the test conditions under which
they are usually assessed

Design An observational study comparing IDA mfants
with nonanemic control infants Assessment was con-
ducted blind to the infants’ iron status

Baseline Under the high demand conditions, no differ-
ences between groups were found on MDI, PDJ, or IBR
Also, no differences were found between groups for
maternal education, family mcome, birth order, language
preference, or scores on the HOME mventory

Conclusions The demand of the environment cannot
be mvoked as an explanation for the lack of intergroup
dafferences observed in the first of these two studies, 1n
this second observational study, the hypothess of asso-
aation of anermia with behavioral disturbance still recerves
nosupport

Other There1s good comparison of this with sumular stud-
1es

3 Grindulis et al (1986)* Key Words UK,
age 22 months, IDA, Sheridan developmen-
tal sequences for psychomotor develop-
ment, design observational, double blind

Importance This study, primarily aimed to mvestigate
the relation between IDA and vitamin D deficiency, also
assessed the children’s psychomotor development

Design The authors used a double-blind, observational
design

Baseline Although no association was noted between
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lower psychomotor test scores and vitamin D deficiency,
children who were anemuc showed significantly poorer
performance on fine motor and social development items

Conclusions No conclusions can be drawn regarding
the nature of the association between IDA and psycho-
motor development, given the observational design There
were baseline differences between the IDA children and
the other groups for SES and maternal education, how-
ever, no statistical analysis was conducted to assess the
contribution of these mtervening variables to the between-
group differences found The Sheridan Test has not been
used elsewhere

4 Lozoff et al (1986)* Key Words Guate-
mala, age 6-24 months, IDA, behavior rating
on BSID, design observational, double blind

Importance This report on the Guatemala study de-
scribed below (Lozoff et al 1982a,b,c) [Refs 6, 7, 8],
assessed the behavior of infants and theirr mothers as a
function of the mfant’s iron status It atmed to determine
the extent to which behavioral differences are manifested
i free play (behavior rating of BSID) rather than in more
stressful structured developmental testing environments

The study can be compared with that of Johnson and
McGowan (1983) [Ref 2], which found no differences in
mother-child interaction during play between IDA and
nonanemic matched control groups

Design A double-bhind, observational comparison of in-
fants with mild to moderate IDA and nonanemic control
nfants and their mothers No behavioral analysis was
conducted after ron treatment Subjects were recruited
from a socially homogenous, impoverished area of Gua-
temala

Baselime The nfants were not more irritable, dstract-
ible or apathetic than the nonanemic control infants They
were, however, more likely to seek body contact with
therr mother The mothers did not differ in the extent to
which they mnitiated contact with and responded to con-
tact from their children The mothers of IDA mfants spent
less time beyond arm’s length of their children and were
less likely to break close contact When mfants moved
away from their mothers, the mothers of the IDA infants
were more likely to remnitiate the contact

To determine whether these differences were attribut-

able to intergroup differences other than iron status, sev-
eral other confounding variables were measured The in-
fants did not differ in terms of parental age, education, or
occupation or i terms of anthropometry The IDA n-
fants came from larger families and had lower scores on
the MDI but not the PDI (differences on the PDI 1n the
larger sample (Lozoff et al 1982 a,b,c) were found) The
lack of difference between IDA and nonanemuc control
mfants on the PDI 1s attributed to the smaller size of the
sample (fewer videotapes of infants were suitable for
analysis) Play behavior remained significantly different
between groups after controlling for differences in their
baseline characteristics

Conclusions The authors concluded that nfants respond
to won deficiency, as to many other nsults, with an in-
crease in proxummty seeking and that this 1s both a mani-
festation of affective and activity disturbance and an ef-
fective compensatory and protective mechamsm In the
long term, increased attachment may interfere with n-
fant development because of reduced exploratory behav-
101, which may mediate the acquusition of fundamental
cognitive skills such as depth perception Although the
study recruited infants from a socioeconomucally, homog-
enous population and statistically controlled for other vani-
ables, the assessment of SES and other variables may
have been too crude to detect critical between-group dif-
ferences Thus possibility cannot be rejected without com-
paring play behavior after a placebo-controlled iron treat-
ment

Other There 1s good discussion of attachment theory
(the perspective on which the hypotheses of the study
were formulated)

Short-term Effects: intervention
Trials

5 Oskt and Homg (1978) * H Key Words
USA, IDA, age 9-26 months, 1 week of intra-
muscular (IM) therapy, BSID brief interven-
tion, randomized, double blind with placebo
control

Importance This was a proneering study that motivated
many other researchers to investigate the associations
between 1ron and cognition
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Design The study was a double-blind, randomuized, pla-
cebo-controlled mtervention study looking at the ef-
fects of anemia on cognitive development mn infants and
young children A nonanemic control group was not
included IDA infants and children were randomly as-
signed to recerve either intramuscular treatment or pla-
cebo, which they recerved for 5-8 days

Baseline At baseline, there were no significant differ-
ences on either the MDI or the PDI between the treat-
ment groups All anemic children demonstrated lower
scores 1n fine and gross motor coordination and on IBR

The IBR patterning reported agrees with that seen m a
number of other studies, with poorer ratings in attention
and reactivity (see summary of Demard et al 1981[Ref
1], for List of studies showing similar behavioral pattern-
ng)

Follow-up A significant beneficial effect of iron treat-
ment on MDI scores, motor skills, and responsiveness
(an IBR 1tem) was reported after only 1 week but the
benefit in the treatment group was only significantly greater
than m the placebo group 1n the IBR rating It 1s notewor-
thy that a positive correlation was found between mtsal
absolute hemoglobin (Hb) status and extent of MDI im-
provement, consistent with other studies reporting differ-
ential baseline poorer performance and differential de-
velopmental improvement as a function of severity of
hematologic impairment (see Lozoffetal 1987 [Ref13])

Because other studies have failed to find a treatment ef-
fect at 1 week, 1t has been suggested elsewhere that the
treatment effect here 1s due to the treatment having been
intramuscular rather than oral Thus suggestion 1s contra-
dicted by Lozoff et al’s 1987 study [Ref 13], described
below

Conclusions Because no nonanemic control group was
ncluded, the study cannot confirm that lower develop-
mental test scores at baselime are to be found mn anermic
children Furthermore, despite the significant MDI score
mmprovement for ron-treated children, the unique effect
of iron therapy on cogmition cannot be concluded Osk:
and Honig state that although there was a significant im-
provement m the MDI scores of the won-treated IDA
children, this improvement was not statistically greater
than the improvement in the placebo-treated group The
improvement in scores i the treatment group can be at-
tributed to the etfect of repeating the same test within a
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short time The study confirms the baseline association
of IDA with lower PDI scores and poorer IBR assess-
ments but provides no evidence that the IDA infants’
performance was poorer than that of nonanemic infants
The study offers no confirmation of the contention that
wron supplementation is beneficial to performance on the
measures used

Other There1s very good discussion of biochemucal theo-
ries of the effects of iron deficiency on cognition and also
of possible mechamisms associated with IBR and PDI
measures that may mediate poor cognutive performance

6 Lozoff et al (1982c)* Key Words
Guatemala, age 6-24 months, IDA, 1 weeh of
therapy, BSID, design brief intervention,
randomzed, double blind with placebo and
nonanemic controls

Importance The authors aims were to assess the effects of
IDA on development, using a controlled and random-
1zed placebo controlled design to enable firmer conclu-
stons to be drawn than were previously possible

Design A double-blind, randomized, placebo-con-
trolled mtervention was used m IDA and nonanemic
control children Although the authors describe the IDA
subjects as mildly anemuc, at least some of them had Hb
levels below 10 0 g/dL, 1n the Lozoff et al 1987 paper
[Ref 13], children with Hb below 10 0 g/dL were classi-
fied as moderately anemic

Baseline At baseline, the IDA children scored signifi-
cantly lower than the nonanemic control children on MDI
and nonsignificantly lower on PDI

Follow-up After treatment, Hb levels in the treated IDA
children improved significantly, but the developmental
scores of these children showed no effect of treatment
All groups showed an improvement in MDI score, and
the IDA group’s scores remaned sigmificantly lower than
those of the nonanemic control group

Possible explanations for this fallure of developmental
measures to improve are discussed extensively It 1s also
suggested that, given the range of Hb levels within the
anemic group, the anemua of the less severely anemic
children had more reversible effects and that their re-
sponse to therapy was concealed i these data The real-
ity of this suggestion cannot be assessed



12 The Effects of Iron Defictency on Child Development An Annotated Bibliography

Conclusions Thus agamn the baseline association of IDA
with Jower cognitive test scores 1s confirmed, but there 1s
no evidence of a causal association, given the failure of
therapy to improve performance If the association 1s
causal, then erther longer treatment 1s needed or the ef-
fects are wrreversible In support of a causal hypothesis,
the authors did go to some trouble to assess the imvolve-
ment of potentially confounding variables and found that
the experimental groups were not different mn barth his-
tory, SES, or general nutritional status Maternal educa-
tion was not assessed

Other There 1s reference to amimal studies and how these
may help to explan a faillure 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 brief intervention,
randomzed, double blind with placebo and
nonanemic controls

Importance This second report of the Lozoff et al 1982¢
[Ref 6] study described above 1s important m that 1t de-
tads analysis performed to determine whether lower de-
velopmental test scores and therapy responses are the
same across age subgroups within their origmal sample,
which spanned a large age range

Baseline At baseline, lower PDI scores were present
and the same across all age subgroups, however, the
poorer performance on MDI only emerged in the 19-24
months group (the oldest subgroup) Furthermore, and
very importantly, the authors observed that withmn this
subgroup the more severe the anemia, the poorer the
performance on the developmental tests

Further analysis revealed patterning on the developmen-
tal scales the anemic infants had disproportionate diffi-
culty with language 1tems, 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 withn PDI All infants with lower scores
failed to improve after one week of treatment The wron-
treated infants with lower scores at baseline on MDI also
did not improve after treatment

Conclusions There are two nteresting implications of
this study First, the results agree with the observation by
Lozoff et al 1987 [Ref 13] 1n that PDI scores will suffer
with less severe anemia An interesting implication is that
poorer motor performance may mediate poorer cognitive
performance, having occurred earlier during the less se-
vere stages of anemia Second, either the absolute timing
of the hematologic deficit or the duration and severity of
the anemia seem to be crucial factors in determining
whether children will show lower cognitive test scores

The older IDA children showed signs of being under-
nourished, suggesting that their anemia may have lasted
longer Comparing this study with the Lozoff et al 1987
[Ref 13] study, where all the subjects were of an age
similar to the differentially lower-scoring subgroup de-
scribed here and only the moderately anemic children
showed poorer performance on MDI, the suggestion
seems to be that 1t 1s the nature of the anemia rather than

the absolute age of the child that 1s important

8 Lozoff at al (1982a)* Key Words Guate-
mala, age 6-24 months, IDA, 1 week of therapy,
BSID, design brief intervention, randormized,
double blind with placebo and nonanemic
controls

Importance Thus 1s 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

Baseline The IDA subjects were more fearful, showed
increased body tension and decreased gross body move-
ment, were less responsive to the examiner, were less
reactive to ordinary stimuly, and tended to be less persis-
tent These patterns were primarily in the 19-24 month
age group, and they are very sumilar to the behavioral
effects reported elsewhere (see the review by Deinard
et al 1981 [Ref 1])

Follow-up These behavioral differences disappeared
after treatment except for the elevated fearfulness The
change could not be attributed to treatment, however,
because 1ron- and placebo-treated infants showed the
same reversal

Conclusions The study demonstrated an adverse ef-
fect of IDA on mfant behaviour, but mn contrast to the
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study by Oskiand Honig (1978 ) [Ref 5] where parenteral
ron was given, the effect was not reversible after short-
term oral iron treatment At this time, they suggest the
different results mught be because the response times to
oral and parenteral iron therapy duffer The possibility that
the observed differences in behaviour at baseline were
due not to ron deficiency but to some other intervening
variable 1s rejected because there were no characteristics
which differed between the groups which could explain
the results

Other The authors offer a short, clear discussion of the
possibly mediating relation between behavioral effects
and poorer performance on test of development

9 Walter et al (1983) * 1 Key Words

Chile, age 15 months, IDA and ID, 10 days
of therapy, BSID, design brief interven-
tion, double blind, with nonanemic control

Importance This study 1s important 1n 1ts direct com-
parison of the effects of IDA with those of ID

Design A double-blind iron-treatment-only intervention
was used 1n IDA, ID, and nonanemuc control children

Baseline The IDA children scored significantly lower
on MDI and were rated as more unhappy than the
nonanemic control group, the IDA children did not score
lower on PDI Although the authors classify the anemia
n the IDA children as mild, this classification 1s possibly
incorrect because at least some of the children had Hb
levels below 10 0 g/dL. There were no significant differ-
ences in MDI or PDI at baseline between children with
ID and non anemic controls

Follow-up After 10 days of wron treatment, IDA nfants
mproved significantly on MDI, and this improvement
concided with an improvement i cooperativeness and
attention span No sumnlar improvement was found in the
nonanemic group, and improvement was only seen m IDA
children with two or more abnormal biochemical mea-
sures of hematology at baseline None of the groups
showed improvement on PDI

Conclusions This study confirms the baseline associa-
tion of impaired hematology and lower developmental
scores and suggests that IDA, but not ID, will result in
detectably lower developmental scores This contradicts
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the findings of Deinard et al (1981) [Ref 1] It may be
suggested that ID was shown to be associated with poorer
performance on tests of development, because mnfants
with two or more abnormal biochemical measures 1m-
proved m developmental measures even though they did
not show relatively lower scores at baseline

If these data are valid, the implications of the score
changes, after only 1 week of treatment, are that the
lower scores are attributable to wron deficiency rather
than specifically to anemma and that the locus of the ef-
fect 1s probably at least attentional or behavioral This
latter suggestion recerves support from the comcident
behavioral effects and the behavioral response to therapy
(see the review by Deinard et al (1981) [Ref 1]) for a hst
of papers reporting sumilar IBR patterning)

No placebo group was included m the study design The
short-term improvement observed may be attributed to a
practice effect rather than a therapeutic effect The lack
of improvement in the control group may be due to a
cetling effect Because no follow-up assessment of he-
matology was performed, 1t 1s impossible to conclude that
wron intervention and subsequent hematologic correction
was responsible for the developmental improvements

Therefore, although a baseline association between IDA
and lower developmental test scores (and possibly be-
tween ID and developmental test scores) 1s confirmed,
the unique effect of iron treatment 1s not shown

10 Oski et al (1983) { Key Words USA,
age 9-12 months, ID, 7 days of therapy, BSID,
design brief intervention, double bhind, with
nonanemic control

Importance Because of Oski and Homg’s 1978 study [Ref
5], which demonstrated a causal relation between IDA
and lower cognitive test scores, the authors conducted
thas study to assess the extent to which ID 1s also assoc1-
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 directly com-
pared the effects of IDA and ID

Design The study was a double-bhind intervention, with
ron-depleted and nonanemuc ID subjects, matched for
color and sex, and who recerved IM treatment for only 7
days There was no placebo control
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Baseline At baseline, there were no significant differ-
ences between the groups, suggesting that nerther ron
depletion nor ID 1s sufficient to cause mfants to score
lower on developmental tests than nonanemic control
subjects This contradicts Walter et al ’s (1983) [Ref 9]
findings of a baseline association but agrees with Walter
et al ’s negative finding for ID children

Follow-up After 7 days of treatment, however, MDI
scores for ID children improved significantly and sug-
gested, that this group had been performing suboptimally
at baselme Because no placebo group was included, 1t 1s
possible that this improvement was due to a practice ef-
fect

The authors note that therr findings regarding the short-
term effects of iron treatment disagree with similar stud-
1es by Lozoff et al (1982b,c) [Refs 7,6] in Guatemala
They suggest that their positive treatment effect after
only 1 week may have been attributable to the use of
parenteral iron admimistration As discussed above, this
possibility 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

Conclusions The implication of this study 1s that treat-
ment of ID may lead to improved performance on MDI

Other There 15 a good discussion of biochemical
mechanisms

11 Lozoff et al (1985) * Key Words
Guatemala, 6-24 months, IDA, IBR of BSID
(focusing on Test Affect and Task Orientation
factors), design briefintervention, double blind,
randomized, with placebo and nonanemic
controls

Importance This 1s a fifth report on the study conducted
in Guatemala by Lozoff and collaborators Thus report
explores the association between poor developmental test
scores and abnormal behaviors documented 1n children
with IDA Specifically, the authors mvestigated whether
poor developmental test performance 1n infants with
IDA may be mediated by disturbances 1n affective be-
havior

Design Thus study was a double-blind, mtervention trial
comparmg IDA fants with nonanemic control infants

recrutted from a socioeconomically homogenous, im-
poverished area of Guatemala The infants in this study
were randomly assigned to recerve treatment or placebo,
although the analysis documented m this report focused
mainly on baseline data Infants were assessed on the
mental and motor scales of the BSID as well as the IBR,
and the extent to which individuals manifesting abnor-
mal behaviors, with lower MDI or PDI scores, was de-

termined

Baseline A greater proportion of anemic than
nonanemic infants showed abnormal affective responses
to testing, they were more fearful, tense, restless, with-
drawn from the examiner, and unhappy The nfants
demonstrating abnormal affective behaviors were also
the mfants with profoundly lowered MDI scores, ane-
muc mfants who did not rate abnormally on the IBR did
not show significantly lower MDI scores

Despite the age effect described by Lozoff et al (1982b)
[Ref 7] for these infants, affectively abnormal infants in
all age groups tended to recerve low MDI scores Lozoff
et al describe a severity effect such that the greater the
number of abnormal affective behaviors demonstrated
by the infant, the lower the MDI score

Lower PDI scores were found 1n IDA infants demon-
strating abnormal affect, but this was completely accounted
for by the mfants who also demonstrated abnormal task
orientation Interestingly, although Hb level was directly
related to the extent of behavioral disturbance, 1t was not
simularly directly related to MDI score

Follow-up Because of the small number of mfants with
abnormal behavior who also recerved iron treatment, a
conclusion cannot be drawn from thus study regarding the
effects of short-term oral 1ron therapy on behavior The
indication 18 that there 1s no treatment effect after 1 week
and that repetition of testing leads to improved behavior
n the affectively disturbed IDA infants and a greater
umprovement than found in the affectively disturbed
nonanemic control subjects Also interesting 1s that the
mnfants who improved their IBR ratings also improved
therr MDI scores No such improvement was found in
PDI scores

Conclusion This study provides strong evidence that
IDA 1s associated with IBR abnormalities and lower de-
velopmental testscores Furthermore, the close covariation



Infants and Young Children (6-24 Months)

els, and the differential MDI improvements after 1 week
of treatment indicate that behavioral disturbances may
mediate poor developmental performance Although
statistical mnvestigation revealed no mnvolvement of po-
tentially intervening variables, without finding a treat-
ment effect 1t cannot be concluded that abnormal be-
havior 1s caused by anemia

Other There 1s good discussion of the similarities be-
tween the findings of this study and of others (principally
those studies histed 1n the review of Deiard et al (1981)
[Ref 1])

12 Aukett et al (1986)* 1 Key Words UK,
age 17-19 months, IDA, 2 months of therapy,
Denver developmental screening test for
psychomotor development, design extended
intervention, randonzed, double blind, with
placebo control

Importance The study assessed whether the well-reph-
cated baseline association of IDA with lower develop-
mental test scores was causal

Design A double-blind intervention design with placebo
control was used IDA children were treated for 2 months

Baseline No nonanemic control group was mcluded and
baseline scores on the Denver Developmental Test are
not reported so this study cannot confirm the hypothesis
that IDA 1nfants show poorer test performance than do
their nonanemic counterparts

Follow-up After 2 months of treatment, 58% of the
children with hematologic improvement of greater than 2
g/dL did not increase therr developmental score by the
expected amount However, more of the children who
showed hematologic improvement increased their scores
by the expected amount than did children who did not
show such hematologic improvement

Conclusions Although the study provides some evidence
that the association between IDA and cognitive develop-
ment 1s causal, the evidence 1s not conclusive because
netther the developmental test nor the use of a 2 g/dL
response as a criterion for effective treatment has been
used 1n any other study

Other This study also considers weight velocity as an
outcome measure, and there 1sa very useful table mcluded
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that compares this study with previous studies

13 Lozoff et al (1987)* 1 Key Words Costa
Ruca, age 12-23 months, IDA, ID, and 1ron
depletion, 1 week and 3 months of therapy,
BSID, design brief and extended period
mntervention, randomized, double blind,
partally placebo controlled, with nonanemic
control

Importance This 1s an important study because 1t mves-
tigates how much the severity of anemua alters the devel-
opmental outcome In particular, the results should be
compared with those of Walter et al (1989) [Ref 14],
who also investigated the existence of a differential de-
velopmental effect as a function of the specific level of
anemia Other studies described above have also com-
pared anemia with ID and with various severities of ane-
mua (e g, see Demnard et al (1981) [Ref 1] and Walter et
al (1983) [Ref9]) Thus paper 1s also important for two
other reasons First, it compares IM with oral 1iron
therapy Oska et al (1983) [Ref 10] found a treatment
effect after 1 week with IM therapy, in comparison with
studies such as that by Lozoff et al (1982¢) [Ref 6] where
no oral 1ron effect was found after the same amount of
time Oskietal (1983) [Ref 10] suggested that this dif-
ference may have been due to differing methods of iron
admimstration Second, the authors undertook to as-
sess the role of coexisting variables, such as low SES, n
the etiology of the lower developmental test scores asso-
ciated with IDA

Design The study was a double-blind intervention, with
IDA, ID, iron depletion, and nonamemic control children
randomly assigned to receive treatment or placebo for
the first week, with some children assigned to IM treat-
ment and others to oral treatment After the first week,
all previously IM-treated children and all nonanemic con-
trol children were given a placebo for 12 weeks All pre-
viously ron-deficient children given oral iron were con-
tnued on oral iron, with no placebo-control, for the same
time

Baseline Atbaseline, only the IDA children demonstrated
poorer developmental test performance Withim this group,
lower PDI scores were found n the entire group (Hb
10 5 g/dL), regardless of the severity of the anemia How-
ever, lower MDI scores were only to be found 1n the mod-
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erately anemuc children (Hb 10 0 g/dL)

There was patterning on the MDI and PDI scales com-
parable with that found by Walter et al (1989) [Ref 14]
IDA children consistently failled the showing-shoes item,
m the 12-14-month age group, the IDA children had
particular difficulty walking alone, standing from sitting or
being supine, and standing on left foot

Follow-up After 1 week of treatment, there were no
differences between the orally and parenterally treated
children, m contrast to Oski et al (1983) [Ref 10] After
1 week, all children improved on MDI scores regardless
of their 1ron status or whether they recerved 1ron or pla-
cebo

After 12 weeks of therapy, the Hb level of most of the
moderately anemic children was not corrected, and these
children did not improve on either MDI or PDI The chil-
dren whose Hb level was corrected (primarily the muldly
anemic children) had no MDI improvement, but there
was a PDI improvement

Conclusions The study provides evidence that com-
pared to nonanemic controls, children with mild anemia
(Hb 10 5 g/dl) will perform poorly on tests of psychomo-
tor development whereas more severe or longer-term
anernia (Hb 10 0 g/dl) 1s required before effects on men-
tal functioming will be seen This may pomnt to a mediating
role of psychomotor disturbances m cognitive develop-
ment, IM 1ron does not differ from oral iron treatment in
its effects after 1 week, improvements after 1 week are
probably attributable to a practice effect, whereas a ben-
eficial hematologic and developmental effect of longer
therapy relies on the imitial anemia bemng mild, when ane-
mia 1s moderate, mental functioning as well as psycho-
motor functioning 1s affected and does not seem to be
reversible

Unfortunately, because of the lack of an appropriate pla-
cebo control, after the first week, for comparisons of the
performance of the IDA orally treated infants and be-
cause no mtergroup comparisons are reported, the
unique effect of iron treatment still cannot be concluded
from this study

Other The paper offers a good discussion of the related
findings of other authors

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

12 and 15 months, IDA and ID, 3 months of
therapy, BSID, design brief and extended
mntervention, double blind, with partial placebo
control and nonanemic controls

Importance This study 1s to be compared with those of
Lozoff et al (1987 and 1982b) [Refs 13 & 7] because 1t
mvestigates the existence of a differential effect on de-
velopment as a function of the specific severity or dura-
tion of anemia Furthermore, certamn specific areas of
difficulty on MDI and PDI reported elsewhere are repli-
cated and, again, there 1s clear evidence of IBR pattern-
Ing

Design IDA, ID, and nonanemic control children were
assigned to recerve treatment or placebo for the first 10
days, after which tume 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
15months All developmental assessments were reviewed
as a function of hematology at 9 months, thus 1t was pos-
sible to distinguish children who had been anemuc for at
least 3 months from those who had become anemic in
the last 3 months

Baseline At the first developmental assessment, IDA
children had lower MDI and PDI scores than did the
nonanemic control children, with no similar lowering of
scores evident 1n the ID children Specifically, infants had
difficulty on items requuiring language comprehension (as
m Lozoffetal (1982b) [Ref7]), vocalization of bisyllabic
words, showing shoes, clothing, or own toy, sitting from
standing, standing and walking alone, standing from sit-
ting, and standing on the left foot (similar to Lozoff et
al (1987) [Ref 13]) The IDA nfants also differed from
the others on responsiveness to examuner, other people,
and mother, general emotional tone, test affect and task
orientation, goal directedness, attention span, activity,
vocalization, and body motion Thus patterning was simi-
lar to that found 1n the studies hsted i 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 g/dL,
and that the children with the lowest Hb values also had
the lowest MDI scores, which 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 hemoglobin level at
which effects on mental development are observed are
remarkably similar between this study (Hb 105t0 109
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 1n children whose Hb was less than 10 0 g/dL and
10 5 g/dL, respectively

Follow-up As in the Lozoff et al (1987) study [Ref 13]
and others, after only 10 days of treatment, all groups
had improved their MDI and PDI scores After 3 months
of treatment, there were no changes 1n any of the
children’s BSID scores (including IBR), with IDA chil-
dren still scorg low on the language and psychomotor
items listed above

Conclusions The baseline association of wron and devel-
opment was agam confirmed, with further support for
the view that the size of the difference in test scores
between IDA and nonanemic control children reflects
the duration or severity of the anemia However, the causal
hypothesis receives no support from this study perhaps
because the association between IDA and development
1s not causal, or because 3 months of therapy 1s not long
enough, or because the effect 1s irreversible

15 Idjradinata and Pollitt (1993) * 1 Key
Words Indonesta, age 12—18 months, IDA and
ID, 4 months of therapy, BSID, design extended
mtervention, randomized, double blind, with
placebo and nonanemuc controls

Importance This 1s a very important study because 1t 1s
the first to use a placebo-control for an extended period
of treatment

Design This was a double-blind mtervention trial with
IDA, ID, and nonanemic control subjects randomly as-
signed to receive treatment or placebo for 4 months The
authors made a concerted effort to match their subjects
for confounding variables

Baseline At baseline, the well-documented association
between IDA (not ID) and lower scores on tests of devel-
opment was rephcated, with IDA children scoring 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 sigmificantly more than the
nonanemic group n MDI and PDI Baseline differences
between these groups were eliminated

Conclusions The hypothesis that the association be-
tween 1ron and development 1s causal recerves strong
support and, again, 1t seems that the only detectable ef-
fect 1s to be found i1 IDA and not ID children Thus 1s the
first study to show that pooerer PDI and MDI test per-
formance 1n infants 1s reversible following 4 months of
ron treatment There 1s a need for the results to be reph-
cated

Other The authors offer a short discussion of the ways
in which poorer psychomotor performance may mediate
poorer cognitive development

16 Lozoff et al, (1996b) * Key Words Costa-
Rica, age 12-23 months, IDA, 6 months of
therapy, BSID ¢ IBR, design extended double-
blind intervention, nonanemic controls ran-
domly assigned treatment or placebo, IDA
treated

Importance This study was conducted to replicate the
findings of Idjradinata 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

Design This was a double-blind mtervention trral m which
the IDA group received oral iron treatment for 6 months
and the nonanemuc controls were randomly assigned to
treatment or placebo BSID and IBR were assessed at
baseline and repeated 3 and 6 months after the start of
treatment

Baseline TDA nfants scored significantly lower (mean
6 1 pomts) than the nonanemic controls on the MDI There
was no significant difference on the PDI On the IBR,
IDA mfants were sigmificantly more fearful, unhappy and
hesitant with the examiner

Follow-up Children who received treatment showed a
good hematological response The differences observed
at baseline n 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 PDI The IBR of IDA children
improved significantly more than that of the nonanemc
controls such that the iitial differences were no longer
present after 6 months of treatment

Conclusions IDA children scored significantly worse at
baseline on the IBR rating and MDI but not PDI Iron
treatment did not significantly improve the MDI of chil-
drenbut 1t did lead to a signficant improvement in the IBR
rating However, m this study, the improvement mn IBR
could not be considered a direct 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 MDI, PDI and IBR and gives several
hypothesises as to why benefits from treatment are not
consistently observed

Shori-term Effects: Preventative
Trials

17 Heywood et al (1989) + Key Words
Papua New Guinea, age 1 year, IDA, one
wron dextran injection at 2 months, total
and mean fixation time, habituation, and
dishabituation tested, design extended
intervention, randomized, double blind,
with placebo control

Importance The primary importance of this study 1s that
1t 1s the first trial to investigate the benefits to mfants from
preventing IDA Preventative trials permut the mvestiga-
tion of the causality of the relationship between IDA and
development in circumstances where benefits of iron treat-
ment have not been observed The study also measured
spectfic functions within attention rather than more global
measures of development

Design Thus study was a double-blind randomized pre-
ventative trial of ron supplementation and placebo m IDA
mfants, with no nonanemic control group included At
age 2 months, the children were randomly assigned to
recerve IM either 1ron 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 time were as-

sessed, as well as rates of habituation and dishabituation
A higher rate of habituation 1s thought to reflect the rate
at which an mternal model of a stimulus 1s acquired
Dishabituation rates are thought to measure schema ac-
quisition

Follow-up The results of this study are confused by the
presence of malaria infection, which interacted with iron
status 1n the treatment group when attention scores were
assessed The main result of this study was that
aparasitemic IDA mfants who recerved rron treatment
had higher total fixation times than did aparasitaemic IDA
placebo-treated mfants, suggesting that wron treatment
leads to longer visual exploration of stumuli Iron treat-
ment did not ehminate anenua, although 1t did sigmificantly
umprove the ron status of the treated children mn the
aparasitemic group There was no evidence of a relation-
ship between socioeconomic variables and this measure
of attention

Conclusion There 1s some evidence that preventing IDA
n mfants can result 1n a beneficial effect on attention
However, the results are confounded by the concurrent
effects of malaria on the 1ron status of children 1n this
study The results are interesting in the hght of reports
from other studies, using more global measures, of diffi-
culties on attentional items (Review by Deinard et al
(1976) )

18 Moffatt et al (1994)1 Key Words
Canada, 2—15 months, at risk of IDA, 13
months of won-fortified mfant formula, BSID,
design preventative trial, double-blind, ran-
domized, with placebo-control

Importance This was a well designed preventative trial
where children’s 1ron status was manipulated from age 2
months All children came from the same disadvantaged
background and did not differ sociodemographically or in
the amount of stumulation available to them as measured
by the HOME Inventory An association was demon-
strated between 1ron deficiency and PDI without any ef-
fect on cognition Thus, 1t 1s possible that motor distur-
bance precedes and may cause cognitive disturbance

Design This was a double-blind, randomized, prospec-
tive ron status mampulation, where mfants at age 6 months
were randomly assigned to recerve 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 significant 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 decline in
the PDI scores of the regular-formula group, making their
scores significantly lower than those of the iron fortified-
formula group

Conclusions The prospective nature of this study and
the randomuzing procedure indicate that strong support 1s
leant to the hypothesis that the association between IDA
and motor disturbance 1s causal The lack of difference
between these groups on potentially intervening variables
also supports this hypothesis The fact that, at age 15
months, the 9- and 12-month PDI score differences had
disappeared suggests that the developmental effect as-
socrated with IDA may be transitory

19 Lozoff et al (personal commumnication,
1996a) Key Words Chile, 6-12 months, IDA, 6
months of supplemental 1ron, BSID, design
preventative trial, double blind, randomized,
with placebo control

Importance This abstract describes another preventa-
tive trial that, ke Moffet et al (1994) [Ref 18], used a
strong experumental design to mvestigate the nature of
the relationship between ron and cognition m nfants The
studies are comparable except that Moffatt et al (1994)
[Ref 18] looked at infants m a very impoverished area of
Canada, whereas mn this study, the infants were from less
impoverished homes in Chile

Design This was a randomuzed, double-blind, placebo-
controlled preventative trial, in which 944 healthy Chilean
6-month-old mfants, with normal Hb levels from sim-
lar socio-economic backgrounds and with stmilar an-
thropometric status, were randomly assigned to receive
supplemental iron or no added rron until age 12 months
At age 12 months, the infants’ hematologic status was
assessed for a second time and all infants completed the
BSID

Results Atage 12 months, fewer of the iron supplemented
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children were anemuc and fewer were rron deficient How-
ever, the supplemented children did not have higher BSID
scores

Conclusions There 1s no conclusive evidence of a benefit
to children’s development resulting from preventing
IDA These results are i contrast to those of Moffatt et
al (1994) [Ref 18] where the population was more socio-
econonucally disadvantaged Lozoff et al state that the
lower BSID scores observed m IDA infants may result
from factors other than IDA, including environmental
disadvantage, lack of breast-feeding, birth weight of less
than 3 kg, IDA onset before 6 months or after 12 months,
or IDA lasting longer than 6 months

A failure to find a protective advantage of prophylactic
1ron treatment may be only be m situations where infants
are already at risk of other biological, social, or environ-
mental stressors that are manifested by ID or IDA

Long-term Effects: Observational
Studies

20 Paltr et al (1985) * Key Words Israel,
children 0 to 10-13 years, questionnaire based
on the Shaefer Classroom Behavior Inventory,
supplemented with learming achievement 1tems,
design observational, double bhind

Importance This study assessed the effects of IDA experi-
enced at age 9 months on the educational achievement
and behavior of school children aged 10~13 years Be-
cause this was a longitudmnal prospective study and not
a preventative trial, 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
wron status However, as with the Palti et al (1983) study
[Ref 23], care was taken to assess the extent to which
any differences 1n test scores were attributable to nter-
vening variables Because the children were monitored
yearly after the first year of life, the possibility 1s greatly
reduced that educational achievement and behavior at
school 1s a function of some mtervening period of anemia
rather than anemua 1n the first year

Design Although infants with Hb less than 11 g/dL at
age 9 months recerved iron treatment to correct their ane-
mua, this study mvestigated the association between ron
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status before treatment and school performance and be-
havior at school It did not assess differences between
treated and untreated children when they were infants or
when they were of school-age Therefore the study 1s
classed as observational

Baseline After maternal education and the sex of the
child were controlled for, IDA children scored lower than
nonanemic control children on educational achievemnent
and on posttive task orientation, but there was no effect
on negative task orientation or onmood Maternal educa-
tion and the sex of the child also contributed to learning
achievement, task orientation, and mood score

Conclusions The authors conclude that although ma-
ternal education 1s still the single best predictor of the
child’s achievement on development and mtelligence tests,
IDA m infancy 1s also significantly associated with poorer
performance i the school years The hypothesis that iron
status m mnfancy is associated with long-term effects on
school performance and behavior recerves support That
the association 1s causal 1s unclear for two reasons First,
although the mvolvement of potentially mtervening vari-
ables was assessed, the choice of maternal education as
the only indicator of SES may have been madequate
Second, there was no analysis of the results of giving iron
treatment

Other Biochemical mechanisms, the findings of studies
of IDA mn animals, and clinical and public health imphca-
tions of the findings to date are discussed

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

Importance One of the key features of this study 1s its
comprehensive assessment of the role of various poten-
tially confounding variables (including lead exposure) in
the development of infants and young children

Design In thus prospective study MDI scores, lead mea-
surements, and Hb measurements were taken at ages 6,
12, 18,and 24 months The number of children anemic at
each time and the extent of their anemua are not stated,
but the authors noted that Hb values varied from below
90 g/dL to greater than 13 0 g/dL The study assessed
the extent to which a 2 g/dL decrease in Hb at each time

predicted the MDI decrement observed at 24 months

Results Ethnic group and HOME status accounted for a
great deal of the variance in MDI, but even after control-
ling for these variables, the authors found that at 18 months,
a 2 g/dL decrease mn Hb was a statistically significant
predictor of 24-month MDI Moreover, the authors re-
port that Hb concentrations measured at ages 12 and 18
months were better predictors of MDI decrements at 24
months than was the Hb concentration at 24 months
Thus 1s interesting given the number of studies that con-
centrate on assessing development as a function of cur-
rent Hb levels

Conclusions This study implies that decreases in Hb
are associated with decreases in MDI (although the ex-
tent of the anermia in the children showing these decreases
1s not given) and that this association 1s causal, given the
care taken to control for confounding variables Further-
more, decreases in Hb levels up to a year before testing
were better predictors of MDI decrements than were
Hb decreases at the time of testing

More mformation about the Hb values for children whose
Hb decreases predicted MDI decreases 1s needed be-
fore a definite statement can be made about the nature of
the association being observed

Other In general this paper 1s confusing n 1ts report of
the findings, in particular 1t 1s unclear about the mean Hb
levels at each time, about when the children became ane-
mug, and about the uniformity and extent of the decline n

Hb

22 Hurtado (1995)* Key Words USA, 0-10
years, ID m infancy, children assessed with test
of cogmitve development, design observational

Importance This abstract reports on a study where a
dose-response relationship between hemoglobin and test
score and an interaction between test score, rron status
and maternal education was observed

Design Subjects were enrolled at birth mn a nutritional
supplementation program and followed until age 10 years
Children’s cognitive performance was tested at age 10
years to determine differences in development between
children who were ID and chddren who were 1ron suffi-
cient in mfancy and early childhood The precise design
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of the study 1s not given, 1t 1s not clear whether all chil-
dren were supplemented or whether there was a placebo
group No report of a randomization procedure 1s made
and no mformation on the SES of the subjects 1s given

Follow-up At age 10 years, children were assessed with a
test of cognitive performance No levels of statistical sig-
nificance are reported mn the abstract, but the author
states that there were indications of an increased risk of
disability resulting from ID, especially when 1t was se-
vere, and that additive interactions with maternal educa-
tion were also observed

Conclusions Thas 1s a potentially crucial study, but more
information 1s needed on the exact design and the data
analysis Without this information, 1t 1s still possible that
the children showing disability at age 10 years did so as a
result of factors other than the presence of ID It 1s un-
clear whether the children n this study had ID or IDA
They are described as ID, but the dose-response relation
reported 1s “between hemoglobin and disability”

Long-term Effects: Follow-up of
intervention Trials

23 Palt1 et al (1983)* Key Words Israel,
ages 2, 3, and 5 years, IDA and intermedi-
ate at 9 months, 3 months of therapy,
Brunet-Lezine’s Developmental Quotient,
MILI 1Q test, and Wechsler Scale, design
follow-up of previous intervention trial

Importance The authors distinguished between children
who were moderately anemic and children who were
muldly anemic The long-term outcomes for these two
groups of anemic children are of particular mterest, given
the studies of Lozoff et al (1987) [Ref 13] and Walter et
al (1989) [Ref 14]

Design Developmental assessments were carried out
at ages 2, 3, and 5 years as a function of Hb status at age
9 months Children who had been anemic at age 9 months
were given 1ron treatment, with no placebo control,
whereas the intermediate and nonanemic children recerved
no treatment

Results At the first developmental assessment and then
at 3 years, the mitially, moderately IDA children scored
lower than did nonanemic control children on the Bru-
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net-Lezine and the MILI, respectively However, these dif-
ferences were not significant after maternal education and
birth weight were controlled for At age 5 years, however,
the lower scores m the moderately IDA children persisted,
and this time the difference was significant even after the
confounding variables were controlled for Because this
was not a double-blind study, 1t 1s possible that measure-
ments were biased 1n the direction of the experimental
hypothesis

Conclusions The strong implication 1s that anemua in 1n-
fancy, in particular moderate anemia, will lead to a poorer
performance on tests of cognitive development in the long
term

24 Walter et al (1990)* Key Words Chile,
age 5 years, previously moderately IDA, ID
before and after therapy, or ID corrected
by therapy, Stanford-Binet IQ test, an
assessment of fine and gross motor co-
ordination, an assessment of
psycholinguistic ability, a test of visual
motor integration, and a preschool educa-
tional scale, design follow-up of previous
mtervention

Importance This abstract reports a study that 1s a fol-
low-up of Walter et al (1989) [Ref 14] No separate
analysis was conducted as a function of the severity and
duration of anemua at age 12 months as was done mn the
earher study

Results Anemic mfants, at 12 months, scored signifi-
cantly lower on IQ, motor scores, psycholingustic items,
visuomotor coordination, and the educational preschool
assessment even though hematology problems had been
completely corrected earlier m childhood

Conclustons Anemia was corrected m mfancy yet lower
developmental test scores persisted Because no assess-
ment 1s made of whether or not the children included 1in
the follow-up had been anemic between the two devel-
opmental assessments, the lower scores here may have
been due to a further period of anemia later in childhood
It 15 at least hikely that, if a child’s environment early on
mfluences whether or not the child will become anemic,
continuing to live n such an environment means con-
tinued risk of anemia Therefore firm conclusions can-
not be drawn about the long-term developmental risk
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to children anemuc 1n nfancy, although this study does at
least suggest that these risks are to be taken as a serious
possibility

25 Lozoff et al (1991)* Key Words Costa Rica,
age 5 years, IDA in infancy, psychoeducational
measures, a test of visual motor integration, the
Draw a Man IQ test, a motor proficiency test,
and the Wechsler Preschool and Primary Scale
of Intelhgence, design follow-up of a previous
mtervention

Importance This paper reports a follow-up of Lozoff et
al’s Costa Ruca studies, which compared the develop-
mental status of children at age 5 years who were erther
muldly anemic, moderately anemic, or nonanemic at
age 12-23 months

Results At age 5 years, the authors reported all children
to be comparable in terms of their hematology regardless
of their hematologc status at the end of the previous short-
term study Children who were moderately anemic i the
earlier study and children who were mildly anemic but
expertenced 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 requiring nonverbal skills, visuomotor coordination,
and motor coordmation and less pronounced on tasks re-
quuiring purely verbal skills

The effects on developmental test scores were strongly
influenced by mtervening variables Another problem with
this study, as for Walter et al (1990) [Ref 24],was the
failure of the authors to mvestigate the hematologic his-
tory of the children between the end of the 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 they were subsequently anemic between
studies As noted above 1n the review of Walter et al
(1990) [Ref 24], 1t 1s very likely that the factors predis-

posing 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, neurologic evalua-
tion and the Stanford-Binet 1Q test, design,
preventative

Importance Thus study 1s important in 1ts assessment of
the long-term developmental consequences of anemia in

earher childhood

Design Thus abstract describes a prospective 1ron status
manipulation study, where the developmental assessment
at 67 years was blind to the iron status of the child in
mfancy

Results The group of children who had become anemic
between ages 6 and 18 months showed difficulty at 6-7
years with clumsiness in balancing on one foot, problems
with tandem walking, and difficulty with repetitive hand
and foot movements These motor coordmation problems,
thought to bealong-term developmental outcome of ane-
mia 1 earlier childhood, may be seen as parallehng the
difficulties experienced by the anemic children described
by Lozoff et al (1987) [Ref 13] and Walter et al (1989)
[Ref 14] As with many of the studies of mnfants (see
those listed 1n the review by Deinard et al (1976), the
children 1n this study were also rated as more 1nattentive

Conclusions These results cannot be taken as conclu-
sive proof of the causal relation between imnfant IDA and
long-term poorer performance on tests of development
because no placebo group was included, the develop-
mental protection apparently afforded the IM treated n-
fants may have resulted from nonspecific factors Fur-
thermore, no assessment of other differences between
the groups was reported, erther at baseline or follow-up,
and without knowing whether group assignment was ran-
domized, intervening variables such as SES or maternal
education may account for the differential effect re-
ported No statistical comparison of the IQ measures
was reported
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PRESCHOOL

CHILDREN

(2-5 YEARS)

Summanry of Findings

The cognitive benefits of ron treatment mn preschool
children are more apparent than i infants The reasons
for thus are not understood but 1t may be that the tests
availlable for use n older children are mherently more
sensitive or that preschool children have passed the crit1-
cal age at which IDA can have long-lasting effects

Only five studies have looked at the effects of ID or IDA
on cogmition 1n preschool children and they each have
two notable features First, all are intervention studies
with an extended period of mtervention (2 6 months) com-
pared with the studies of infants in the previous section
Second, m each study there were repeated attempts to
measure cognitive function as opposed to development
and to determne the locus of a cognitive effect resulting
from ID or IDA

Although it1s difficult to draw firm conclusions from the
results of so few studies, the evidence suggests that chil-
dren with IDA benefit from won treatment mn terms of
improved performance on tests of discrimmation and odd-
ity learning/concept acquusition There may also be be-
hawvioral differences in that IDA children are observed to
be more unhappy and less responsive than iron-sufficient
control children (Demard et al 1986 [Ref29]) The ma-
jor influence of IDA on preschool children 1s 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-
signed to distinguish between problems with attention and
those with concept acquisition Distinguishing between
attention and concept acqusition problems 1s of par-
ticular interest because attentional difficulties may con-
ceal cognitive abihities in children Such difficulties may,
1n the longer term, result in poorer performance on tests
of cognitive function It 1s also possible that poorer at-

tention and 1rritability are children’s reaction to tasks be-
yond their capabilities This 1ssue was also relevant in the
previous section on mnfants and young children The type
of attentional disturbances seen 1n preschool children have
clear parallels 1n the behavioral disturbances found in m-
fants and young children, in whom differences 1n atten-
tion, reactivity, and mood on BSID were consistently
shown 1n children with ID and IDA

As with studies m mfants, with preschool children the
benefits of treatment on attention and cognition are seen
only in children who are mitially iron deficient with ane-
mua and are not apparent i children who are mitially iron
deficient but not anemic (see reasons given m mfants
section)

Evidence to date 1s hmited but has shown that improve-
ments 1n attention and cognition result from iron treat-
ment of children with IDA suggesting that the relation-
shup 1s causal and that a program mn which wron supple-
ments are given to preschool children could be of benefit
to children’s attention and cognitive function

Intervention Trials

27 Pollitt et al (1978)* H Key Words
USA, age approximately 4 years, ID, 4
months of therapy, attention, learming, and
memory measured, design extended
wntervention, double blind, with nonanemc
control

Importance This abstract describes a study of particu-
lar interest because 1t assesses the effects of ID on cog-
nition, comparmg ID preschool children with nonanermc,
control preschool children before mtroducing iron therapy
The tests are designed to distinguish between control pro-
cesses and structural capacity
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Design This study used a double-blind, iron-treatment-
only mtervention design and looked at the effects of ID
on cognition Both ID children and nonanemic control
children were assigned to recerve 1ron treatment

Baseline At baseline, the ID children performed more
poorly than did therr nonanemic counterparts on tests of
attention and memory control processes The results in-
dicate that the effect 1s at the control level rather than m
the capacity of the structures themselves This contra-
dicts Soewondo et al’s (1989) paper [Ref 31] which con-
cludes that the effect 1s also in the capacity of the struc-
tures themselves and only in children with IDA, not ID

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

Conclusions This study mndicates that ID 1s associated
with lower scores on cognitive development tests in chil-
dren of approximately 4 years of age and that perfor-
mance returns to an optimal level after at least 4 months
of therapy However, the paper does not report that any
steps were taken to assess the role of potentially inter-
vening variables that may have distinguished the two
groups at baseline This, combined with the lack of inclu-
ston of a placebo group, means that the unique effects of
rron deficiency and wron therapy on cognition cannot be
determimed

28 Pollitt et al (1983)* + Key Words USA,
age 3—6 years, IDA, 3 months of therapy,
discrimination learming tests, design extended
mtervention

Importance This study’s importance probably lies n its
contradiction of the findings of the studies by Pollitt et al
(1986) [Ref 30] and Soewondo et al (1989) [Ref 31]
with respect to whether infants are scoring lower on
attentional or concept acquusition tasks

Design This study was an intervention trial where IDA
children were given treatment for 3 months whereas the
nonanemic control children recerved no treatment There
was no placebo control

Baseline As with the Pollitt et al (1978) study [Ref 27],
the IDA children had lower scores than nonanemic con-
trols on tests of discrrmination learning, thought to tap
attentional processes, and also on the attention based items

of the memory task However, there was no difference
1 tests of concept acquusition

Follow-up There was a significant improvement after
treatment in the IDA group compared to the nonanemic
placebo group 1n the tests of discrimination but not in the
tests of concept acquusition

Conclusion This study suggests that treatment can lead
to improvements 1n attention However, children did
not experience structural difficulties in contrast to the
studies of Soewondo et al (1989) [Ref 31] and Pollitt et
al (1986) [Ref 30]

29 Demnard et al (1986) t Key Words USA, age
18-60 months, IDA and ID, 6 months of
therapy, BSID or Stanford-Binet 1Q, design
extended intervention, double blind, partially
placebo controlled

Importance This study was very well designed yet in con-
trast to most studies, no differences between IDA, ID
and nonanemic controls were observed at baseline in
performance on the MDI or Standford Bmet There was
also no improvement 1n the IDA or ID group after treat-
ment The study was also important in its direct compari-
son of the effects on development of ID and IDA

Design This was a double-blind intervention study with
anonanemic control group matched to IDA and ID groups
for maternal education and, separately, for baseline MDI
scores The IDA group received iron treatment for 6
months, the ID group recerved treatment or placebo, and
the nonanemic control group recerved a placebo

Baseline Overall, the authors reported no differences in
MDI or Stanford-Binet between the ID, IDA and
nonanemic control groups at baselme The authors did
report that the IDA group was more unhappy and less
responsive than the nonanemic control group, again con-
firming the emerging pattern of behavior found in 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 improved on MDI or Stanford-Binet whereas
the nonanemic control children tended to increase therr
scores, thus creating significant differences between the
nonanemic control children and the IDA and ID children
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After 6 months of therapy, the pattern was the same, with
neither the treated IDA nor the treated ID children im-
proving therr MDI or Standford-Binet scores, and the
control children improving as before

Conclusions Despite the failure to detect baseline cogni-
tion differences between groups, this study supports a
hypothesis of an association between ron deficiency (with
or without anemia) and poorer performance on tests of
cognitive development, given the failure of the IDA and
ID groups to match the improvements on MDI and
Stanford-Bmet seen mn the nonanemic control group The
authors suggest the lack of immprovement i the IDA group
could reflect the fact that these children were less test-
able despite repeated testings (as reflected mn the behav-
1oral differences between groups) and perhaps this 1s be-
cause of some irreversible behavioral deficit or because
they were more susceptible to adverse environmental
conditions such as stress

The absence of a developmental improvement in the IDA
and ID groups after 6 months of iron treatment suggests
that erther the association between IDA and develop-
ment 18 noncausal or that the effect 15 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 of the IDA group to improve does not appear
to be a function of maternal education but rather because
the effect was not reversible with treatment

Other The authors offer an excellent discussion of the
findings of other studies

30 Pollitt er al (1986) * 1 Key Words
Guatemala, age 36 years, IDA, 3 months of
therapy, three discrimunation learning tests, two
short-term memory tests, and four oddity
learnming tasks, design extended mtervention
with nonanemic control

Importance This paper provides further evidence that
IDA children experience difficulties in the structural or
control processes involved in cognition See also Pollitt et
al (1978) [Ref 27] and Soewondo et al (1989) [Ref 31]

Design An intervention trial comparing the cognitive
function of ID children with nonanemc controls The ID
group recewved treatment for 11-12 weeks Cognitive func-
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tion was assessed at baseline and immediately after treat-
ment in both groups There was no placebo control

Baseline At basehne, the IDA children needed more
trials to reach criterion on the discimmation learning tests

No differences were found between the groups on odd-
1ty learning / concept acquisition or on memory The re-
sults indicate a difficulty in IDA children m attending to
relevant information This agrees with the Pollitt et al

(1978) [Ref 27] and Pollitt et al {1983) [Ref 28] studies
and also with the studies m the Infants and Young Chul-
dren category, where IBR patterning has been found
(Lozoff et al 1985 [Ref 11], Oskt and Homg 1978 [Ref
5], Walter et al 1983 [Ref 9])

Follow-up After treatment, the baseline difference 1n
discrimnation / attention 1 the IDA children relative to
the control children was elimmated However, after treat-
ment, the IDA children made more errors than the
nonanemic control group on the oddity learning task, and
thus task 1s thought to tap conceptual acquisition

Conclusions This study provides further evidence in
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-
tritional differences between groups and not on, for ex-
ample, SES or maternal education, the baseline differ-
ences between ID/IDA children and nonanemic children
may be attributable to mtervening variables and the
changes at follow-up to nonspecific therapy effects

The effects of IDA on concept acquisition 1n 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 experiencing concept acquisition difficul-
ties whereas mn the study of IDA children by Soewondo
etal (1989) [Ref 31], concept acquusition was adversely
affected Why the group treated with ron showed rela-
tively poorer scores at follow-up but not at baseline mn this
study 1s unclear, but 1t 1s possible, as with the Deinard et
al (1986) study [Ref 29], that the IDA children were
more sensitive to the stressful testing conditions and there-
fore less able to improve with practice than nonanemic
control children

Other There 1s an extenstve review of the field n par-
ticular, an excellent discussion of the findings concerning
ID and a comparison of these findings with the those
concerning 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
choiwce discrimination learning tests, 3
oddity learnming tests, and the Peabody
Picture Vocabulary Test, design extended
intervention, double blind, randomized,
with placebo and nonanemic controls

Importance This mvestigation 1s complementary to the
studies of Pollitt et al (1978, 1986) [Refs 27, 30] in 1ts
attempt to determine whether lower developmental test
scores associated with wron deficiency are to be attrib-
uted to structural or control process dafficulties

Design The study was a double-blind intervention trial
with IDA, ID, and nonanemuic control children randomly
assigned to receive either treatment or placebo for 8
weeks

Baseline At baseline, of the small number of children
who reached the learning criterion on reversal discrimi-
natton color tasks, the IDA children learned more slowly
than did the nonanemic control children On the oddity

learning task, the IDA children’s performance was worse
than that of the nonanemic control children on the twice-
and thrice-repeated versions Thus detectably lower de-
velopmental test scores were found mn IDA children on
tests of attention and conceptual ability The attentional
deficits n the IDA children, but not the effects on con-
cept acquusition, confirm findings of Pollitt et al (1978,
1983 and 1986) [Refs 27, 28, 30]

Follow-up After 8 weeks of iron treatment, the 1ron-
treated IDA children learned more quickly on the color
discrimination and performed better on the twice- and
thrice-repeated items of the oddity learning task than ei-
ther the nonanemuc control children treated with 1ron or
the IDA children who recerved placebo No benefits of
treatment were observed i the ID group

Conclusions The strong implication of this study 1s that
IDA but not ID 1s associated with lower developmental
test scores Thus 1s the first study to shows effects of
IDA on both attentional control processes and on con-
cept acquusition structural processes Improvement in
cognitive function of IDA children after iron treatment
suggests that iron supplementation programs would ben-
efit children of pre-school age
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SCHOOL-AGE CHILDREN

AND ADOLESCENTS

(5-16 YEARS)

Summary of Findings

There 1s strong evidence that among school-age children,
mnitially lower scores on tests of cognition or school
achievement due to IDA can be improved and n some
mstances even reversed after wron treatment One rea-
son for this evidence might be the large number of pla-
cebo-controlled trials, which are more able to pick up
treatment effects Another reason might be the increased
sensitivity of the tests used Alternatively, it could be that
the effects of IDA m school-age children are more tran-
sitory than 1n infants and thus more responsive to the
effects of won treatment

Eleven studies have examined the effects of iron supple-
mentation on the cognitive function or educational achieve-
ment of school-age children with ID or IDA Of these,
nine used placebo-controlled experimental designs, thus
permitting the causal effect of iron on cognition to be
mvestigated All but one study (Pollitt et al 1989) [Ref
41] showed sigmificant improvements in the cognitive func-
tion or educational achievermnent of children who recerved
rron supplementation compared with those who recerved
placebo Furthermore, the one study (Bruner etal 1996)
[Ref 42] that mvestigated the effects of treating adoles-
cent gurls with ID also found significant cogmtive ben-
efits These results are in contrast with those observed
with infants where benefits of treatment on development
arerarely observed As with studies with infants and pre-
school children, there seerns to be an ndication of distur-
bances mn attention and behavior in children with IDA

Note that none of the studies with school-age children
documented the hematologic history of the children It1s
possible, therefore, that the lower scores at baseline 1n
cognitive functioning m children with ID and IDA were a
result of hematologic impairment earlier in life Indeed, 1f
the factors that predispose school-age children to ID or

IDA are not recent, there 1s an mncreased hikelihood that
these children had been anemic before, as mfants and as
young children

The adverse effects on cognitive and educational test
performance due to IDA 1n preschool and school-age
children appear more transitory in nature than the effects
on development 1n mfants and imply that treatment of
IDA m preschool and school-age children through 1ron
supplementation programs may be beneficial and have
immediate effects This 1s 1 contrast to the effects of
IDA on nfants, for whom poorer performance on devel-
opmental tests may not be reversible with treatment and
where programs aimed at the prevention of IDA may be
the most appropriate action

Observational Studies

32 Webb and Osk: (1973a) * Key Words
USA, age 12-14 years, IDA, cross sectional,
Iowa Basic Skills, levels A-F, form F, design
observational

Importance This study was carried out to assess the rela-
tion between the presence of anermia and school perfor-
mance, as measured by the Iowa Basic Skalls test

Design A cross-sectional comparison of IDA with
nonanemic control children

Baseline Although all subjects performed poorly rela-
tive to national norms, the anemic children scored signifi-
cantlylower than did the nonanemuic control children The
anemic males demonstrated a “progressive departure”
m performance with mcreased age

Conclusion It 15 not clear whether the assessment was
double blind, and no attempt was made to match the sub-
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Jects for mtervening variables Thus, although IDA school-
children scored lower on school achievement tests than
the nonanemic control group, this may have been due to
some other variable related to iron but not 1ron 1tself

Other A short discussion of possible biochemical mecha-
nisms 1s given

33 Webb and Osk:1 (1973b) *

Thus abstract reports on the same Webb and Oski1 (1973a)
study [Ref 32], giving the results of a teachers’ behav-
1oral assessment of the subjects Agan, attentional, be-
havioral, and perceptual mechanisms are implicated as
possible factors mediating effects on cognitive perfor-
mance (See discussions 1n previous sections and by
Soemantrn et al (1985) [Ref 36])

The teachers’ assessment 1s not reported to have been
blind to the children’s hematologic status, and although
the chuldren were described as all coming from a socrally
homogenous background, the behavioral disturbances in
the IDA group may not have been due to differences n
wron status alone

intervention Trials

34 Seshadri et al (1982) Study 1 1 Key
Words Inda, age 5-8 years, IDA, 2 months of
therapy, verbal and performance tests from the
Wechsler Intelhgence Scale for Children
(WNAC), design extended intervention,
randomized

Design This intervention study stratified subjects by age
and randomly assigned them to treatment or no treatment
before their iron status was determined No placebo con-
trol was included and 1t 1s not clear that assessment was

doubleblmd

Baseline The between-groups comparisons at baseline
are not reported

Follow-up After treatment, wron-treated children 1m-
proved their WNAC scores more than did the nontreated
children for all iron status groups Disaggregation by the
presence and absence of anemia showed that IDA chil-
dren only improved more than the nonanemuc control chil-
dren mn the 7-8-year age group, and this was across treat-

ments

Conclusion The lack of placebo control means that im-
provements in cognition at follow-up 1n the IDA group
could be due to a practice effect

34 Seshadri et al (1982) Study 2 1 Key
Words India, age 5—6 years (boys), children
IDA, 2 months of therapy, WISC verbal and
performance tests, design extended intervention,
double blind, randomized, with placebo control

Design This was a double-blind intervention study with
anemic male subjects only Subjects were pair-matched
at baseline for Hb, age, height, weight, Draw a Man IQ,
WISC, per capita income, and maternal education After
matching, one child from each pair was randomly as-
signed to recerve ron treatment or placebo A nonanemuc
control group was not ncluded

Follow-up After 2 months of treatment, the iron-treated
children showed WISC score improvements, and these
scores were significantly higher than those of the pla-
cebo group The 1ron-treated group also had significant
mmproved Hb levels compared to the placebo group

The verbal IQ improvements in the wron-treated group
were seen 1n the nformation, similarities vocabulary, arith-
metic, and digit-span subtests However, improvements
were also seen i the arithmetic and digit-span subtests in
the placbo group

Conclusions The initial matching procedure and the ran-
domuzation of treatment and placebo means that a hy-
pothesis of causal association between 1ron status and
school performance 1s strongly supported in this study

35 Pollitt et al (1985)*  Key Words
Egypt, average age 9 5 years, IDA, 4
months of therapy, matching famihar
figures test, design extended intervention,
double blind, with placebo and nonanemic
controls

Importance This study 1s notable for its strong experi-
mental design and assessment of specific cognitive ef-
fects of ID and IDA mn school chuldren

Design This was a double-blind intervention study in
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which IDA and nonanemuc control children were assigned
to receive treatment or placebo No randomization pro-
cedure 1s reported

Baseline IDA and ID children were less efficient and less
accurate than nonanemic control children on the
matching fammbhar figures test However, 1t 1s not clear if
the groups were simular i terms of SES, maternal educa-
tion or other potential confounding variables

Follow-up After treatment, the iron-treated anemic chil-
dren were more efficient than the placebo group, and

their scores were simular to those of the nonanemaic, con-
trol children

Conclusion The study supports the hypothesis that ID
and IDA adversely affect learning and problem solving
capacity mn school-age children and that the effect 1s re-
versible with treatment

Other It 1s not clear that the test, as used mn this study,
has cultural vahidity

36 Soemantri et al (1985) * 1 Key Words
Indonesia, age 1011 years, IDA, 3 months of
therapy, educational achievement, concentra-
tion, and Ravens Progressive Colored Matrices
IQ assessment, design extended intervention,
double blind, randomized, with placebo and
nonanemic controls

Importance The study was conducted after the Pollitt et
al (1985) [Ref 35] study m Egypt to determine whether
the effects on learning and problem solving had long-term
mmplications to a child’s educational achievement

Design Thus double-blind intervention randomly assigned
IDA and nonanemic control children to receive treat-
ment or placebo

Baseline At baseline, the IDA children did not differ
from the nonanemic control children on the Ravens 1Q
test They did, however, perform more poorly on mea-
sures of educational achievement The results of the as-
sessment of concentration are unclear

There were no differences between groups i SES or
maternal age, but because maternal education was not
assessed 1t 15 possible that differences at baseline were
due to an intervening variable
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Follow-up After treatment, the wron-treated group 1m-
proved their educational achievement score significantly
more than did the placebo group However, the improve-
ment was not enough to catch up with the scores of the
nonanemuic control group

Conclusions There 1s evidence that IDA adversely af-
fects school achievement and that iron treatment can lead
to significant benefits

Other Theauthors discuss the role of concentration and
attentional disturbances in mediating poor performance
on educational achievement tests and how these distur-
bances may be mfluenced by physiological arousal fac-
tors Thus paper also offers a good discussion of other
studies of school-aged children

37 Groner et al (1986)*t Key Words
USA, pregnant women, age 14-24 years, ID
risk, 1 month of therapy, artthmetc, total digit
span, digit symbols, vocabulary, consonant
trigrams, Rey auditory verbal learnng test,
design extended intervention, double blind,
randomuzed, with placebo control

Importance Thas study 1s notable for its examination of
pregnant adolescent gurls and young women who are
deemed to be at risk for iron deficiency The study does
not address the 1ssue of the implications of maternal ID
for birth outcome, but rather for the cognitive performance
of the mother herself The finding of an apparently ben-
eficial effect of wron therapy 1s interesting given the he-
matologic status of the subjects as nonanemic or, at most,
only mildly iron deficient

Design This was a double-blind intervention study, with
subjects randomly assigned to receive treatment or pla-
cebo

Baseline At baseline, there were no differences m cog-
nition or 1ron status between the experimental and pla-
cebo control group

Follow-up After 1 month of therapy, the hemoglobm
level of both the treated and the placebo group dechned
but the decline was less mn the treated group The de-
creases m hemoglobin were probably because all sub-
jects were pregnant
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After treatment, the treated group improved on the digit
symbol test, one subsection of the consonant trigrams
test, and two subsections of the Rey test The placebo-
control group decreased on arithmetic and increased only
on one subsection of the Rey test The treated group’s
having greater test-retest improvements than did the con-
trol group was due to decreasmng scores 1n the placebo-
controlgroup  Attentional effects are consistent with
findings reported elsewhere

Conclusions The study provides evidence that ID affects
cognitive functioning and that rron supplementation
will prevent a dechine in cognitive performance durmg

pregnancy

38 Kayshap and Gopaldas (1987)1 Key
Words India, age 8-15 years (girls), IDA, 4
months of therapy i two 2-month sessions,
visual recall, digit span, mazes, and clerical
task, design extended intervention, double
blind, randomized, with placebo and
nonanemic controls

Importance This study mnvestigated the effects of ron
supplementation on cognition in anenuc and nonanermic
schoolgirls

Design The study was a double-blind intervention, the
girls were pair matched for age, Hb, and mmdividual total
cogmitive function test scores, after which one member
of each pair was randomly assigned to recerve treatment
or placebo for 8 months No double-blind procedure was
described Cognitive assessments were made at baseline,
4, 8 and 12 months after treatment

Baseline There were no baseline differences on cogni-
tive function, even when the subjects were disaggregated
from the onigmnal experimental and control groups by pres-
ence or absence of anemia

Follow-up After 8 months but not after 4 months of
therapy, disaggregation of the original groups revealed
that the IDA girls given iron had improved significantly
more than the placebo group on clerical task, digit span,
mazes, and overall score] After 4 months, both the pla-
cebo and the ron-treated IDA groups had improved
equally

At the 12-month follow-up, 4 months after the comple-
tion of supplementation, there was evidence of a sus-

tained beneficial effect of wron supplementation on all
but the mazes index Hb had returned to near baseline
levels, and only the mazes score had dropped sigmfi-
cantly This study 1s mteresting in combination with
Soemantrr’s (1989) [Ref 40] prehmmary findings paper
reviewed below, because Soemantr1 also included an
assessment after the termination of therapy, which indi-
cated that the benefits of therapy were sustamed

Conclusions The selective unprovement m the IDA 1ron-
treated group over the placebo group suggests that cog-
nittve improvement is enhanced with iron supplementa-
tion n a group performing suboptimally and the benefit 15
sustained at least 4 months after treatment has finished

Because there were no differences i cognitive scores
as a function of ron status at baseline yet the IDA group
mmproved i cognition with treatment, suggests that both
groups were scoring lower at baseline than therr potential
but for different reasons

Other There 1s a good discussion of the possible bio-
chemical mechanisms supporting the sustained improve-
ment above baseline and of the general biochemical ef-
fects of rron deficiency and how these may be associated
with poor cognitive performance

39 Seshadr1 and Gopaldas (1989) Study 1
This 1s a re-report of Seshadri et al (1982)
[Ref 34] The reporting of the results for
this study s particularly unclear and
tnconsistent with the tabulation

39 Seshadri and Gopaldas (1989) Study 2
Ths 1s a re-report of Seshadri et al (1982)
[Ref 34]

39 Seshadr: and Gopaldas (1989) Study 3
1 Key Words Inda, 8-15 years (boys),IDA, 2
months of therapy, WISC, design extended
wtervention, double blind, randonuzed, with
placebo and nonanemac controls

Importance A notable feature of this study 1s the mclu-
sion of two 1ron therapy groups given different doses of
the ron supplement
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Design This was a double-blind intervention study, boys
ages 815 years (including anemic and nonanemic con-
trol subjects) were triplet-matched for age, Hb, and
baseline cogmtive function before randomly assigming the
members of each triplet to recewve placebo, 30 mg 1ron,
or40 mgiron Posthoc disaggregation of the groups was
performed to compare IDA subjects with nonanemic
control subjects

Baseline No basehine comparison between scores was
made for the anemic and nonanemuc control groups cre-
ated post hoc

Follow-up Post hoc analysis found that 1ron supplemen-
tation improved the individual and overall scores on the
WISC 1n IDA children only There was a dose-effect
with the 40-mg treatment group showing improvement
on more measures It was reported that the WISC
baseline scores of the 30-mg group were relatively higher
than those of the 40-mg group Therefore 1t cannot be
concluded that the association between 1ron status and
WISC scores 15 causal

Conclusions No attempt was made to assess whether
these post hoc groups were distinguishable from one an-
other on other intervening variables Such differences
between groups may have accounted for any baseline
differences in cognition but not necessarily for the differ-
ential response to 1ron therapy over placebo

Thus, this study provides strong evidence that IDA 1s
causally associated with lower scores on tests of cogni-
tive functioning and that performance can improve with
wron treatment

39 Seshadr: and Gopaldas (1989) Study 4 This
15 a re-report of Kayshap and Gopaldas (1987)
{Ref 38]

40 Soemanir: (1989)*1 Key Words Indonesia,
average age 10 5 years, IDA, 3 months of
therapy, educational achievement, design
extended wntervention, double blind, random-
1zed, with placebo and nonanemuc controls

Importance This study assessed cognitive performance 3
months after completion of therapy, as in the Kayshap
and Gopaldas (1987) study [Ref 38]
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Design This was a double-blind intervention study with
IDA and nonanemuc control subjects randomly assigned
to recerve 3 months of treatment or placebo Cognitive
function was assessed at baseline and 3 and 6 months
after treatment

Baseline There 1s no statistical analysis of the prelimi-
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 supplementation at 3 months
and that the benefit persists at least 3 months after
therapy 1s withdrawn This sustained effect 1s similar to
that found by Kayshap and Gopaldas (1987) [Ref 38]

No report 1s made of attempts to control for the effects
of mtervening variables such as maternal education or
SES, which may have accounted for baseline differences

Conclusions The mdication 1s that IDA 1s causally re-
lated to poorer performance on tests of cognitive devel-
opment and that performance 1s responsive to therapy
Statistical assessments are obviously required before any
conclusions can be drawn from this study

41 Pollutt et al (1989)* Key Words Thai-
land, age 9-11 years, IDA and ID, 4 months of
therapy, Ravens IQ test and educational
achievement, design extended ntervention,
double blind, randomazed, with placebo and
nonanemic controls

Importance This study 1s important because 1t includes
an ID group with whom IDA and nonanemuc control chil-

dren are compared and because 1t does not replicate the
findings of Soemantri et al (1985) [Ref 36]

Design Before ron status was determuned, subjects were
randomly assigned to recerve treatment or placebo There
are similarities between this study and that of Soemantri
et al (1985) [Ref 36]

Baseline At baseline, IDA children had lower IQ scores
than did nonanermc control children in contrast to Soemantri
et al (1985) [Ref 36] and IDA and ID children scored
lower than nonanemic children on the Tha1 Language
Test
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Follow-up In contrast to Soemantrietal (1985) [Ref 36],
there were no significant benefits of treatment in the IDA
group compared to the placebo or nonanemic controls

Compared with the Soemantri et al (1985) [Ref 36], the
treatment period 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 infected with intestinal worms were given an-
thelmintic drugs, the children 1n this study were all given
anthelmintic 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
treating for mtestinal worm infections

Conclusions IDA and ID are associated with poorer
scores on tests of educational achievement and cogni-
tion, but the effect 1s not reversible with treatment In
other studues of this age group, reversibility has been readily
demonstrated The inability to replicate the study by
Soemantrietal (1985)1s not fully understood

Other There 1s an excellent and systematic discussion
of the possible reasons for this negative finding and of the
mediators of poor cognitive performance Also mncluded
15 an mcisive comment by Frank Oski concerning the

mmportant questions raised by research mto rron deficiency
mschoolchildren

42 Bruner et al (1996)1 Key Words USA,
age 13-18 years (girls), ID, 8 weeks of ferrous
sulfate therapy, Brief Test of Attention (BTA),
Symbol Digit Modalities Test (SDMT), Visual
Search and Attention Test (VSAT), and Hopkins
Verbal Learning Test, design extended period
mntervention, double blind, randomized, with
placebo control

Importance This study assessed the effects of ID alone

and has adolescent girls as 1ts subjects, a group particu-
larly at risk of ron deficiency It also documents a daffer-
ential improvement with treatment in learming and memory
but not 1n attention Thus 1s interesting given the sugges-
tion from several other studies that attentional disturbances
precede and mediate subsequent cognitive disturbances

Design This was a randomized, placebo-controlled in-
tervention There was no nonanemic control group All
girls were tested on three attentional measures and one
learning and memory test before treatment and after 8
weeks of 1ron therapy

Baseline At baseline, there were no hematologic or
nonhematologic differences between the two groups, in-
dicating that the randomizing procedure had been suc-
cessful

Follow-up After 8 weeks of iron or placebo, the treated
group had hugher Hb and serum ferritin levels than did the
placebo-treated group, and they showed an improvement
on the total recall test However, no improvement was
seen on the attentional tests compared with the placebo

group

Conclusions The lack of inclusion of an nonanemic con-
trol group means that this study offers no support for the
hypothesis that ID children perform poorly on devel-
opmental tests relative to nonanemic control children
However, 1n the absence of baseline developmental duf-
ferences before treatment, the difference between groups
n the amount of improvement on the learning test indi-
cates that ID girls are indeed performing suboptimally
and can only fulfill their potential when this deficiency 1s
corrected This study is unusual mn its finding that ID alone
may be sufficient to result in cognitive disturbance

Other There 15 a brief but comprehensive discussion of
causal mechanisms by which 1ron deficiency may alter
bramn function
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SATELLITE ISSUES

IDA 1s a common nutritional disorder that affects an es-
timated 25% of the world’s infant population (DeMaeyer
and Diels-Tegman 1985) Thus review necessarily focused
on a very narrow set of 1ssues associated with IDA How-
ever, this section has been mcluded to present a broad
overview of satellite fields of research, references are
cited throughout, and at the end of the section 1s a reading
list mtended to help direct prehminary inquiries mto these
related 1ssues

Animal Studies and Biological
Mechanisms

As Dallman (1987) notes, the hterature on this topic has
become too large to encompass 1n a single review Some
of the hterature documents the poorer performance on
behavioral, cognitive, and psychomotor indexes in ion-
deficient rats, paralleling the lower test scores described
m the studies of humans Various theories have been put
forward as to what biochemuical effects ID and IDA have,
and numerous hypotheses have been suggested for how
these brochemical effects are expressed as the lower
cognitive, motor, and behavioral test scores described in
the Iiterature and reviewed here Work has also been
done 1n an attempt to explain not just the nature of these
effects, but also the reasons behind the age and severity
dependency of the effects n humans

For each hypothesis there 1s a huge and ever-increasing

body of literature of experimental studies (primarily ani-
mal)

To even select central papers for each hypothesis 1s too
great a task to be performed here mn the context of a
review primarily documenting the effects of ID and IDA
on cognitive, 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 reading

Beard et al (1993) present a long, comprehensive, and
mtegrative review of the literature that attempts to pro-

vide an msight mto the brochemical mechanisms at work
m rron deficiency and a cautious consideration of how the
durect effects of iron deficiency on emotion and cognition
may be a consequence of the altered central neurotrans-
mutter metabolism Sections of the review deal with body
ron distribution, a model of body 1ron stores and their
respective susceptibilities to wron depletion, the associa-
tion of ron with disease states, and the roles of rron 1n
brain function (oxidation, reduction, electron transport,
synthesis, packaging, uptake, and degradation of neu-
rotransmutters) Beard etal (1993) look at all the major
hypotheses concerned to explain the probably interrelated
biochemucal effects of iron deficiency, specifically they
consider the association of 1ron with norepinephrine,
dopamine, monoamine oxidase activity, (-aminobutyric
acid metabolism, endogenous opiate system alterations,
and the dwrnal cycle The conclusion discusses the na-
ture of the tests of function currently used and how the
sensitivity of these tests might be improved Beard et al
(1993) cite 193 references, which readers can use to pur-
sue experimental papers first hand

Acult iron

Although this review focuses on the effects of ID and
IDA on the cognitive, psychomotor, and behavioral status
of infants, preschool children, and schoolchildren, 1t can-
not be forgotten that IDA 1s a hfe cycle 1ssue Adult iron
deficiency has direct and mndirect effects on children, as
well as onadults The anemuia frequently observed m preg-
nant women 1s considered to be a normal physiological
change, however, severe anemia seems to affect not only
the physiological status of the mother, but also the fetus
during pregnancy and the infant after birth (Achadi et al
1995, Felt and Lozoff 1995, Gebre Medhin and Birgegard
1981, Godfreyetal 1991, Larkin and Rao 1990, Morgane
et al 1993, Tojyo 1983) At risk are the mfant’s normal
growth and possibly also levels of activity and early emo-
tional development

Deficiency

If infant IDA 1s truly a threat to the cognitive, psychomo-
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tor, and behavioral development of the individual, then
maternal iron status during pregnancy and lactation needs
to be addressed to make programs comprehensive for
the prevention of IDA 1n infants The young women stud-
1ed 1n the papers discussed above 1n the section School-
Age Children and Adolescents are themselves of child-
bearing age, as becomes apparent 1n Groner et al ‘s
(1986) study [Ref 37] Pregnancy m adolescence, when
menstruation has only recently begun, puts the indi-
vidual at even greater risk of anemia (Nelson 1996)

Adults with IDA are at risk of failure to fulfill their cog-
nitive potential, and because many new parents are them-
selves 1n their late school years, they are also subject to
the developmental risks associated with won deficiency
If 1t 15 accepted that parental schooling 1s an mimportant
determinant of a child’s cogmitive development (reviewed
mn bibliography Demard etal 1986, Paltietal 1983), the
successful prevention and treatment of IDA in all those
ofa child-rearing age are highly important Iron deficiency
n parents must be treated and prevented for the sake of
the cognitive and physical productivity of both parents
and chuldren

Other OQutcomes of iron
Deficiency

Physical Fitness Adult 1ron deficiency may also detri-
mentally affect physical fitness and productivity (Davies
1973, Viteri and Torin 1974, Basta et al 1979, Ohira et al

1979, Bhati and Seshadr1 1987) The repercussions of
such effects are manifold When parents are fatigued,
the child-parent interaction will be impeded, and this in
itself could affect children’s emotional, motor, behavioral,
and cognitive health Adult physical fitness itself 1s also a
concern, not only may iron deficiency be preventing nd-
viduals from fulfilling their individual potential, but when a
nation of adults suffers physical effects of iron deficiency,
work productivity 1s compromused and the economuc po-
tential of the nation goes unfulfilled

Infections There 15 extensive expermmental literature de-
scribing the effects of wron deficiency on processes m-
volved mn host defence mechanisms, and 1t 1s commonly
thought that infants and children who have moderate to
severe 1ron deficiency tend to have more ifections than
those who do not However, although this widespread
belief exusts, there 1s some clinical and much experimen-

tal evidence to the contrary For a comprehensive list of
experimental studies, readers are directed to the refer-
ence sections of these reviews (Pearson and Robimson
1976, Brock and Mamou-Fowler 1986, Dallman 1987)

Not only may 1ron deficiency increase the risk of infec-
tion, but certain infections (specifically worm mfections
such as schistosomiasis) may also result in IDA Dallman
(1987) begins by describing the laboratory abnormalities
m immune function that appear the most convincing and
distingushes these from other components of the immune
system about which there 15 uncertainty or that seem to
be normal durmg iron deficiency He then categorizes the
epidermiologic studies aimed at determining whether there
1s an increased prevalence of infection m mdrviduals with
ron deficiency He looks at cell- and antibody-mediated
immuruty and phagocytosis Although most of the 59 stud-
tes reviewed deal with human subjects, there 1s also a
short section on the findings of animal studies

Pearson and Robinson (1976) review studies indicating
that an excess of iron facilitates growth and multiphcation
of a number of microorganisms in various biogenic fluds,
specifically studies in which sickle-cell anemua, over-
whelming sepsis, and salmonellosis are associated with
hyperferremia They also review the literature concerned
with the connection between 1ron deficiency and mcreased
susceptibility to infection There are subsections on ph-
agocytic function, cell-mediated immunity and iron defi-
ciency, and 1ron deficiency as associated with climcal 1n-
fection Pearson and Robinson cite 119 references

Confounding and Covarying
Factors

That 1ron deficiency can impede cognitive development
has been a very controversial hypothesss, especially in
the hght of the data concerning the effects of iron defi-
ciency on mfants, where the causal nature of the associa-
tion postulated cannot be concluded because of the lack
of iron treatment effects on infant cognition 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 mentioned above 1n the context of the implications of
adult 1ron deficiency, parental schooling may well be a
stronger determinant of nfant cognitive development
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than iron deficiency Parents with less education were sug-
gested to covary with an environment in which nutri-
tional iron 1s not readily available The elements here are
mextricably entangled low SES and home environmen-
tal stress may be responsible for pressure to leave school
early or for lack of adequate education accounting for
lower educational achievement among children who go
on to become parents themselves (Willerman et al 1970,
Liebhichet al 1972, Czajka-Narins et al 1978, Escalona
1982) Low-SES parents will have a lower mcome, less
per capita to spend on food, and less time to interact n a
positive way with their children and so could have chil-
dren who are nutritionally, behaviorally, and education-
ally disadvantaged

School absence has been suggested to be more respon-
sible than nutritional status for lower cognitive test scores
mn children (Powell and Grantham-McGregor 1980) How-
ever, although there may be many determining factors of
increased absenteelsm among children, including factors
agan associated with a low-SES background, one factor
may well be poor health resulting from nutritional defi-
ciencles School absence 1s particularly worrisome be-
cause children’s cognitive and social development depends
largely on the provision of adequate educational sttmula-
tion.

With all of these factors, 1t 1s probably musleading to sug-
gest that any one potential cause of lower scores on tests
of development confounds the mvolvement of another
Such disadvantageous factors almost necessarly coexust
and likely have an additive and even possibly multiphca-
tive effect For example, when undernourished children
go to school without breakfast, the adverse effects on
cognitive function are greater than in well nourished chil-
dren (Simeon and Grantham-McGregor 1989, Simeon et
al 1994, Chandler et al 1995, Pollitt 1995)

Given the complex nterrelation of low SES, poor nutri-
tion, lack of educational and psychosocial sumulation, and
increased illness it may be that iron treatment or nutri-
tional supplementation 1s not enough Rather, an all-em-
bracing program of environmental enrichment may be
more appropriate (Lozoff 1990, Grantham-McGregor et
al 1991, Lansdown and Wharton 1995, Brown and Pollitt
1996)
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PENDIX A

Tabulated summary of studies investigating the effects of iron deficiency (with and without anemia) on the development of infants
and young children, preschool children, and school-age children and adolescents

Studies of the effects of iron deficiency (with and without anemia) on cognitive motor, and behavioral indexes in infants and young children (624 months)

Author Age Study design

Length of Measures
treatment and

follow up

Groups, n
(hematologic selection
criteria) [hematologic
group mean and mild
vs moderate
classification]

Results at
follow up period

Results at baseline

SHORT TERM EFFECTS OBSERVATIONAL STUDIES

1 Deinard et al 15 months double blind
1981 observational

USA

ID severe n=34 BSID

(SF<9 ng/mL) habituation
[mean SF 8 85%1 58] U/HSPD
ID mild n=21

(SF 10 19 ng/mL)

[mean SF 16 10+2 91]

NA n=157

(SF®20 ng/mL)

[mean SF 50 72122 8]

nonanemic=Hct >34%

None noted overall

ID severe group shows a
systematic pattern of
difficulties on the IBR

2 Johnson and 12 months observational
McGowan, 1983
NA control

Study 1

USA

tests of mother

child interaction
activity
reactivity
emotional tone
attention span

IDA n=31

(Hb<10 5 g/dL)
[mean Hb 8 709
moderate]

NA n=31

(Hb®11 5)

[mean Hb 12 2 g/dL]

No significant group
differences on any of the
measures

double blind
observattonal

2 Johnson and 12 months

McGowan, 1983
Study 2

USA

IDA n=25 IBR of BSID
(Hb<10 5 g/dL)

[mean Hb 8 7£0 9

moderate]

NA n=25 (Hb®11 5)

[mean Hb12 2 g/dL

No significant differences
noted between groups

sanpusddy

6¢



Studies of the effects of iron deficiency (with and without anemia) on cognitive, motor, and behavioral indexes mn infants and young children (6-24 months)

Author Age Study design Groups, n Length of Measures Resultsatbaseline Resultsat
(hematologic selection  treatment and follow up period
criteria) [(hematologic  follow-up
group mean and mild
vs moderate
classification]

SHORT TERM EFFECTS OBSERVATIONAL STUDIES

3 Grindulis et 22 months double bhnd IDA n=80 Sheridan IDA children showed

al 1986 observational (Hb < 11 0 g/dL) developmental significant difficulties on
[not given] sequences, fine motor and social

UK NA control testing psycho development items
NA n=54 motor develop
(Hb > 110 g/dL) ment

4 Lozoff et al 6 24 months double blind IDA n=21 -assessment of After other variables were

1986 observational (Hb<10 5 g/dL plus 2 behavior controlled for
of 3 abnormal frequencies and the anemic infants

Guatemala NA control biochemical measures) quality by use of  imtiated and maintained
[mean Hb 9 6 g/dL] a computer more contact with their

NA n=21 compatible even  mothers than did the NA
(Hb®12 0 g/dL) recording system  control infants, and
[mean Hb 12 6 g/dL] -BSID the mothers of IDA

mfants spent less time
beyond arms length of
their children were less
likely to break close contact
with their children, and
were more likely to
reestablish close contact
SHORT TERM EFFECTS INTERVENTION TRIALS

5 Oskiand 9 26 months double blind IDA n=24 5 8 days of IM BSID No significant differences Iron treated IDA children

Homig 1978 intervention (Hb<10 5 g/dL wron dose noted between treatment mmprove on MDI but this
plus two measures of calculated and placebo group on MDI  umprovement was not

USA IDA subjects ron deficiency) according to or PDI sigmficantly different from

randomly [tron treated group Hb  child s specific All subjects showed the improvement 1n the
assigned to range 62 103 Hb hematologic simular difficulties on IBR placebo treated group
treatment or mean = 8 85+0 86 status and poorer gross and fine Initial Hb (not other

placebo no NA
control

placebo treated group
Hb range 76 102 Hb
[mean 8 73+ 1 09]

motor coordination

hematologic measures)
correlated with amount of
MDI improvement within
this group

Nonsignificant change
noted on PDI

Iron treated IDA children
improve on reactivity
(IBR) and on fine and
gross motor coordination

oy
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6and 7 Lozoff 6 24 months double bhind IDA n=28 1 week of ferrous  BSID IDA childrens MDI scores  Previous deficits
etal 1982 (b intervention (Hb<10 5 g/dl ascorbate dose were significantly lower 1n petsisted 1n 1ron status o
and c) plus three abnormal calculated 19 24 month olds than groups WS4
IDA and NA biochemical measures) according to those of the NA children of ~ All groups improved g
Guatemala control children [mean Hb 95+ 09 each child s the same age therr MDI scores with no §-
randomly nonspecifiable] specific Severity of IDA was differences in amount of b
assigned to hematologic positively associated with improvement between
recewve treatment  NA n=40 status the extent of the difficulty iron and placebo treated
or placebo (Hb®12 0 g/dL experlenced on motor mfants
plus three normal tasks
biochemical measures) IDA children s PDI scores
were nonsignificantly lower
1 all age subgroups than
those of NA children
Compared with infants
aged 6 18 months IDA
children at 19 24 months
showed disproportionate
difficulty on language
items and on 11 of 12
1items shown to predict
later 1Q
8 Lozoff et al see above see above see above see above BSID IBR IDA children show a Behavioral dafferences
1982a consistent pattern of between IDA and NA
(same study as difficulties on the IBR infants disappeared at
Lozoff et al 1982 follow up 1n both 1ron
b and ¢ above) treated and placebo treated
IDA subjects
9 Walter et al 15 months double blind IDA n=10 10 days of BSID IDA children scored lower ~ IDA infants improved
1983 mtervention (Hb<110g/dL >85¢g/ 3 4 mg ferrous on MDI than did control significantly on MDI
dL plus two abnormal sulfate/kg per children NA control subjects show
Chile IDA ID and NA  biochemical measures day No differences noted no significant improve

control children
given treatment
(no placebo
control)

and treatment
response)

[mean Hb98£ 08
nonspecifiable]

ID n=12

(Hb®11 0g/dLand at
least one abnormal
brochemical measure
with treatment
response)
NA n=15

between groups on PDI

IDA children were more
unhappy than were other
groups

ment on MDI

Improvement on MDI n
the IDA group coincided
with IBR improvements in
cooperativeness and
attention span

Only ID children with two
or more abnormal
biochemical measures
showed 1mprovement

No improvement noted
on PDI

87



Studies of the effects of iron deficiency (with and without anemia) on cognitive, motor and behavioralindexes in infants and young children (6-24 months)

Author Age Study design Groups,n Length of Measures Results at baselme Resultsat
(hematologic selection  treatment and follow up period
criteria) [hematologic  follow-up
group mean and mild
vs moderate
classification]
SHORT-TERM EFFECTS INTERVENTION TRIALS
10 Oskietal 9 12 months double blind ID (biochemical and 7 days of 50 mg BSID No differences noted MDI scores increased
1983 intervention cellular) n=8 ron dextran IM between groups on MDI significantly in all ID
(@11 0 g/dL + abnormal children but not in NA
USA ID, Idep}, and biochemical measures children or Idep! children
NA subjects and abnormal MCV) No patterning of areas of
matched on sex [mean SF =9 8+2 0 improvement noted on
and color given nonspecifiable severity] MDI or IBR
treatment no ID(biochemical) n=10
placebo control (®110g/dL+3
abnormal biochemucal
measures)
[mean SF=102+13
nonspecifiable severity]
Idepl n=10
(®110g/dL+
abnormal SF)
NA n=10
11 Lozoff et al 6 24 months double blind IDA n=28 iron or placebo BSID (particular IDA nfants showed more There was no evidence of
1985 intervention (Hb<10 5 g/dL plus twice daily for 1 focus on thetest  behavioral disturbance and  a treatment effect after 1
two of three abnormal week affect and task lower MDI and PDI scores  week
Guatemala IDA and NA biochemical measures) orilentation than the did NA infants The affectively disturbed
infants randomly  [not given] factors of the The lower MDI scores IDA infants tended to
assignee to rron NA n=40 IBR) were found m the infants improve their behavioral
or placebo (Hb®12 0g/dL) with abnormal ratings on ratings regardless of

test affect

The lower PDI scores were
found in the infants with
abnormal ratings on test
affect and task orientation

Hb was directly related to
abnormal IBR ratings and
only indirectly related to
MDI scores

treatment group

Affectively disturbed IDA
infants whose IBR ratings
improved also improved
their MDI scores

There was no differential
improvement i PDI
scores

(44
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12 Aukett et al 17 19 months double blind IDA + 1ron and 2 months of Denver Baseline Denver scores Significantly more of the
1986 mtervention vitamm C n=48 therapy with 24 developmental were not assessed children whose Hb values >
(Hb < 11 0 g/dL) mg ferrous screening test for rose more than 2 g/dL S
UK DA subjects [nonspecifiable sulfate 10 mg psychomotor achieved the standard 8
randomly severity] vitamn C or development change 1n Denver score %
assigned to IDA + vitaminC n=49  both than did children whose 8
receive treatment  (Hb<110) Hb values did not rise
or placebo no
NA control
13 Lozoffet al 12 23 months double blind IDA n=52 1 week of FeSO,  BSID within the anemic group At 1 week
1987 intervention (Hb<105 g/dL oral or the authors distinguished no differences noted on
plus 2 abnormal parenteral between moderately and MDI and PDI between
Costa Rica randomized biochemical measures) mtervention mildly anemic children parenteral and orally
assignment of [mean Hb 95+ 01 IDA and moderately anemic infants  treated groups,
IDA ID Idep], moderate IDA] mtermediate (Hb<10 0) scored lower on significant effect of iron
and NA control Intermediate ID n=45  children the MDI than all other therapy seen on iron status
children to (Hb >106<119 assigned to groups and
receive treatment  + 2 abnormal bio recerve oral or both mild (Hb 10 0 all groups improved their
or placebo chemical measures) parenteral iron 10 5) and moderately MDI scores, regardless of
(partial) ID n=21 (Hb®12 0+ ot placebo NA anemic infants scored their iron status or whether
two abnormal children lower than the other they were given treatment
biochemical measures) assigned to groups on the PDI or placebo
Idepl n=28 (Hb®12 0 receive oral rron anemic children consis
+ abnormal serum or placebo tently failed on certain At 12 weeks
ferritin) 12 weeks of 1tems of the MDI and PDI there was no 1mprove
NA n=35(Hb®12 0 FeSO, oral iron scales ment in MDI scores 1n the
+ normal biochemical for all iron anemic group (muld or
measures) deficient moderate)
children moderately anemic
previously given children showing no Hb
oral 1ron, all correction or persistence of
parenterally abnormal biochemical
treated or 1ron measures still showed
sufficient significantly lower PDI
children given scores than did mildly
placebo 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 1n the IDA
group could not be
compared with effects in a
placebo group because no
such group was included 1n ~

the design



Studaes of the effects of iron deficiency (with and without anemia) on cognitive, motor, and behavioral indexes m mfants and young children (6-24 months)

Author Age Study design Groups,n Length of Measures Results at baselme Resultsat
(hematologic selection  treatment and follow-up period
criteria) [hematologic follow-up
group mean and miid
vs moderate
classification]
SHORT TERM EFFECTS INTERVENTION TRIALS
14 Walter et al 0 15 months double blind (Hb<110g/dL+twoor  atage9 months BSID At age 12 months At the 10 day assesment
1989 mtervention more abnormal hematologic IDA children had lower all groups improved on
biochemical measures assessment made MDI and PDI score than MDI and PDI regardless of
Chile IDA ID and NA  an abnormal cellular did NA control and ID 1ron status or whether they
children assigned  index and a response to  atage 12 children were given placebo or iron
to receive therapy of®1 g/dL) months the authors reported a treatment and
treatment or [mean Hb=100%+ 09 3 months of 0 6 sigmoid distribution of no change in IBR
placebo for the nonspectfiable] mL ferrous MDI scores as a function
first 10 days sulfate suspen of increasing Hb wath the At the 3 months assess
after which time ID n=127 sion given three lowest developmental test ment
all children (Hb®11 0 g/dL plus tumnes a day with scores to be found n there were no changes 1n
recerved abnormal biochermucal assessments mfants with the lowest Hb  any of the childrens BSID
treatment measures) made at 10 days infants with Hb > 109 scores (including IBR
IDA n=39 and 3 months showed no evidence of ratings) between follow up
NA n=30 poorer performance, 1 and follow up 2 and

(Hb®11 0 g/dL plus
normal birochemaical
measures with lack of
response to supple
mentation)

there was pattetning on
MDI PDI and IBR scales

there was a sigmificant
effect of duration and
severity of anemia, 1 e
children who at mnitial
developmental assessment

had been anemic 3 months

earlier had much lower
scores than did IDA
children who had become
anemic 1n the past 3
months

at the age 12-months
assessment children who
had become anemuic n the
past 3 months were less
severely anemic than
children who were anemic
at 1mtial assessment

IDA children were still
scoring low on language
1tems and on showing
shoes clothing or own toy
and were less able to stand
from sitting or stand on
left foot with help

147
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15 Idjradinata 12 18 months double blind IDA n=50 4 months of 3 BSID IDA children scored lower  -Iron treated IDA children
and Pollitt 1993 intervention (Hb<105 g/L mg/kg per day of than did ID and NA showed significant MDI N
+ two abnormal oral ferrous children on MDI and PDI and PDI improvements oy
Indonesia IDA ID,and NA  biochemical measures) sulfate No significant difference The improvements on ]
subjects [iron treated childrens noted between ID and NA MDI and PDI 1 the iron =
randomly Hb mean =95 7£1 1 children treated IDA children were 8
assigned to placebo treated IDA childrens mothers larger than improvements
recerve treatment  childrens Hb mean = had achieved sigmificantly seen in NA and IDA
or placebo 98010 moderate lower maximum school placebo treated children
IDA} grade than had mothers 1n The baseline differences
ID n=29 ID or NA groups 1 MDI between 1ron
(Hb®120 g/L. treated IDA children and
+ two abnormal ID or NA children were
biochemical measures) ehminated, thus the poorer
NA, n=47 test performance observed
(Hb®120 g/L at baseline was reversed
+ notmal biochemical There were no significant
measures) differences in the amount
of MDI and PDI improve
ment between rron or
placebo treated ID
children
Correction of Hb values
noted 1n iron treated IDA
and ID children
16 Lozoff et al 12-23 months Double blind IDAn=32(Hb<100g/L 6 monthsoforal  BSID &IBR At baseline IDA infants Good hematological
(1996b) Costa mntervention + two of three ferrous sulphate scored sigmuficantly lower response to treatment
Rica IDA gives abnormal biochemic given 3mg/kg (mean 6 1 points) than NA Differences in MDI
treatment measures) per dose, twice a on MDI No significant between IDA and NA
NA randomly NAn=54(Hb®125g/L) day difference on PDI IDA remained at the 3 and 6
assigned to infants on IBR were months follow up
receive treatment significantly more fearful, No change in PDI
or placebo unhappy and hesitant with No differences i IBR

€xaminer

between IDA and NA The
significant improvement in
IBR 1s not considered to
benefit directly from 11on
treatment

4



Studaes of the effects of iron deficiency (with and without anemsa) on cognitive, motor, and behavioral indexes i infants and young children (6—24 months)

Author Age

Studydesign

Groups, n Length of Measures Results at baseline
(hematologic selection  treatment and

criteria) [hematologic  follow-up

group mean and mild

vs moderate

classification)

Resultsat
follow up period

SHORT-TERM EFFECTS INTERVENTION TRIALS

17 Heywood et 1 year
al 1989

Papua New
Guinea

double blind
ntervention

IDA children
randomly
assigned at age 2
months to
recerve treatment
or placebo no
NA control

No baseline assessment
made of attention

IDA, malaria positive + 1x3mLIM attention

iron n=18 dextran total fixation
[mean Hb 84 1 g/dL treatment at age  tume

range 705 97 6 2 months with mean fixation

moderate] tests of attention  time

given at age 1 habituation
IDA malaria negative +  year dishabituation
wron n= 30

{mean Hb 100 5 g/dL
range 923 1089
unspecifiable]

IDA malaria positive +
placebo n= 11

[mean Hb 80 0 g/dL
range 659 941
moderate]

IDA malaria negative +
placebo n=36

{mean Hb 92 9 g/dL
range 802 1055
unspecifiable]

Iron treated IDA malaria
negative infants had
significantly longer total
fixation times than did
placebo treated malaria
negative infants

oF
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SHORT TERM EFFECTS PREVENTATIVE TRIALS

b S
3
18 Moffattetal 2 15months double blind 6 months 13 months of BSID (including Overall ]
1994 preventative n=225 iron fortified IBR), attention all measures of iron status =
regular [Hb 107 745 3 formula (12 8 paid to the test were significantly different o
Canada infants randomly  nonspecifiable] mg) or regular affect and task between the two groups
assigned at age 2 fortified [Hb formula (11 orientation and
months to 113 5£5 3] 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] At 6 months
assessments at 6 fortified [Hb PDI values were similar in
9,12 and 15 116 415 6] all groups
months 12 months n=186
regular [Hb 111 8+57 At 9 months
nonspecifiable] PDI scores for the 1egular
fortified [Hb formula group fell
117 5£5 6] significantly and gave this
15 months n=154 group a score significantly
regular [Hb 115 1£57 lower than that of the
nonspecifiable] fortified formula group
fortified [Hb
118 615 7] At 12 months
mtergroup PDI differ
ences perststed
At 15 months
the group means were
closer again and the
difference was nonsigmfi
cant
19 Lozoff et al 6 12 months double blind supplemental iron 6 months of BSID No significant differences At 12 months the
1996a preventative n=625 supplemental noted between the supplemented nfants had
no supplemental iron ron supplemented and less anemia and less 1ron
Chile infants randomly  n=319 nonsupplemented groups deficiency than did the
assigned at age 6  anemia [Hb< 110 g/L + nonsupplemented groups
months to 2 of three abnormal

receve supple
mental iron or
no added iron
until age 12
months

biochemical measures]

There were no sigmificant
differences 1n BSID scores
between the groups

Ly



Studaes of the effects of iron deficiency (with and without anemua) on cogmitive, motor, and behavioral indexes i mfants and young children (6—24 months)

Author Age Study design Groups,n Length of Measures Results atbasehne Resultsat
(hematologic selection  treatment and follow-up period
criteria) [hematologic  follow up
group mean and mild
vs moderate
classification]
LONG-TERM EFFECTS OBSERVATIONAL STUDIES
20 Paltietal 10 13 years single blind At9 months subsection of the After maternal education
1985 observational mtermediate n=20 Shaefer and sex of the child were
(Hb<10 5 g/dL) Classroom controlled for, children
Israel children [not given] Behavior IDA at 9 months scored
mtermediate and ~ NA n=56 Inventory with lower on educational
NA at 9 months (Hb>11 5 g/dL) educational achievement and positive
followed yearly [not given] achievermnent task orientation with no
until 10 13 years 1tems effect on negative task
and assessed orientation or mood
Maternal education and
sex of the child were also
significant predictors of
educational achievement
task orientation and
mood
21 Wassermanet 2 years prospective n=392 MDI Sigruficant MDI decre
al 1992 Hb measurements at ments at 18 24 months
MDI decrements  four time periods not predicted by Hb decrease
Yugoslavia at 24 months given of 2 g/dL at 18 months
measured as a MDI decrement at 24
function of Hb months predicted better by
decreases at 6, HD decrease of 2 g/dL at 12
12 18 and 24 and 18 months than by Hb
months decrease at 24 months
22 Hurtado 1995 0 10years preventative n=5411 dose or length test of cognitive At 10 years
of treatment not  development iron deficiency was
no note made of  groups not described gven associated with poorer

groups
randomization
procedure or
use of a placebo

performance on a cogntive
test with a dose response
relation between Hb and
performance and
interaction with maternal
education reported

8%
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LONG TERM EFFECTS FOLLOW UP OF INTERVENTION TRIALS

=
S
23 Paltietal 0 5 years intervention IDA moderate at 9 2 years BLDQ at 2 years (Baseline 1s taken as At 3 years the ttially ]
1983 months (baseline) developmental measure moderately IDA infants R
children with 3 years n=32 Mil: Israeh 1Q ments at age 2 ) stll scored lower than did 3
Israel IDA at9 10 5 years n=29 3 years Test at 3 years all other groups this time
months given (Hb<9 9) [moderate] Initially moderate IDA on the Mili test but again
treatment no IDA mld at 9 months 5 years Wechsler WPPSI  children scored lower on the between groups
placebo control 2 years n=384 (Israel version) BLDQ than did other three  difference only approached
IDA and NA 5 years n=52 groups but this difference sigmificance after maternal
children given (Hb 10 10 9){muild] was not significant 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 mitially IDA
developmental (Hb 11 119) nfants still scored lower
assessments tron sufficient at 9 than all other groups but
conducted at 2 months at 5 yeais these differences
3 and 5 years as 3 years n=123 between groups on IQ were
a function of 5 years n= 59 significant even after
hematology at 9 (Hb®12 0) 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 Walter et al 1989 above  Infants with IDA at 12
1990 1989 above note  n=43 1989 above Bruminks months of age (who
(abstract) that it 1s not [severity of anemia 1n Oseretsky fine/ showed poarer develop
clear whether the  infancy was not gross mental test performance at
Chile assessments of specifiable] motor assess the time of original
wron status at 4 ment assessment) showed
years or the NA n=29 Ihnos persistence of lower test
developmental psycholinguistic scores at age 5 years
assessments at 5 assessment regardless of the hemato
years were visual motor logic correction that
double blind integration occurred after 3 months of
Woodcock subsequent iron therapy
educational
preschool scale
25 Lozoff et al 5 years see Lozoff et al mtially moderately 5 years Woodcock see Lozoff et al 1987 above  Infants originally with
1991 1987 above IDA Johnson moderate IDA or mild IDA
mnatially 1iron deficient psychoeducational uncorrected by therapy
Costa Rica note that 1s not before and after therapy battery showed persistently lower
clear whether the  mitially iron deficient test of visual scores on developmental
follow up of 5 year follow-up  corrected by therapy motor integra tests at age 5 years
subjects from assessment was tion
Lozoff et al 1987 double bhind Goodenough
Harnis Draw a
Man test
Bruininks
Oseretsky test of
motor profi
ciency B

WPPSI



Studies of the effects of iron deficiency (with and without anemna) on cognitive, motor, and behavioral indexes in infants and young children (6—24 months)

Author Age Study design Groups,n Length of Measures Resultsat basehine Resultsat
(hematologic selection  treatment and follow up period
criteria) [hematologic  follow-up
group mean and muld
vs moderate
classification]
LONG-TERM EFFECTS PREVENTATIVE TRIALS
26 Cantwell 1974 0 7 years double blind neonatal IM iron IM dextran neurological At 6 7 years
(abstract) preventative dextran NAat6 18 treatment dose evaluation children who were IDA as
months n=28 and length of infants showed clumsiness
USA no note made of treatment not SBIQ balancing on one foot
randomization IDA, n=32 specified, tandem walking, and
procedure no (criteria not given) developmental repetitive hand and foot
placebo control [Hb range=6195 assessments movements and were more
moderate] made at mattentive and hyperactive
6 7 years and

the Stanford Binet mean
score for IDA children was
92 and for NA children was
98

0s
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Studies of the effects of iron deficzency (with and witheut anemia) on cognitive, motor;, and behavioral mmdexes in preschool children (2-5 years)

$
Author Age Study design Groups,n Length of Measures Results at baselme Resultsat ]
(hematolegic selection  treatment and follow up period =
criteria) [hematologic  follow-up §
group mean and mild
vs moderate
classification]
INTERVENTION TRIALS
27 Polliit et al 44 45 months double blind ID n=23 4 months of iron three discrimi ID children perform worse  Differences 1n scores
1978 mtervention (criteria not given) therapy (dose nation learning on tests of their attention between groups at baseline
[mean Hb =115, not specified) tests and memory control eliminated
USA ID and NA MCV=797 SI/TIBC processes but not on tests
control given ratio =13 4 two short term  of the capacity of the
treatment serum iron= 350 memory tests structures themselves
severity not specifiable]
four oddity
NA n=23 learning tasks
(criteria not given)
28 Pollitt et al 3 6 years mtervention IDA n=15 3 months of oral discrimination IDA children performed After treatment the
1983 ron learning worse than NA control on differences between the
IDA children NA control n=15 short term three discrimination IDA and NA control
USA given freatment memory learning tests children had been
NA control oddity learning eliminated
children not
treated no
placebo control
29 Demardetal 18 60 months double blind IDA, n=25 6 months of oral BSID MDI for No sigmficant difference At 3 months
1986 intervention (£11 0 g/dL plus three non (6 mg/kg children under 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 SBIQformsL M  maternal education control neither of the ID groups
treatment only ID  cellular index) for childien over  on MDI and SBIQ improved on MDI and SBIQ
group assigned to  [mean group Hb =104  assessmentsat 3  age 2 years There were no significant  -overall all NA control groups
treatment or g/dL months and 6 differences between IDA tended to increase their scores
placebo and NA SD not given but months children and their NA on the MDI and SBIQ from
group given potentially categorizable controls matched on baseline creating significant
placebo only as mild anemuia] maternal education on 8 of  differences between the ID
NA control ID n=45 10 IBR measures and IDA groups and their NA
matched twiceto (@11 0 g/dL plus two The IDA group was more controls
experimental abnormal biochemical unhappy and less
group on measures and abnormal responsive to their At 6 months
1)maternal cellular index) environment than were IDA children showed no
education sex NA n=? their NA controls matched MDI and SBIQ increase,
and age and (@11 0 g/dL plus three on maternal education ID treated children showed
2) baseline MDI normal biochemical Stmilar patterns emerged no increase over baseline in
score measures and normal between the IDA children MDI and SBIQ
cellular index) and their controls matched ID children given placebo
for MDI baseline increased on MDI SBIQ, and ur

-agamn, NA control children
tended to significantly
mcrease their scores



Studies of the effects of iron deficiency (with and without anemia) on cognitive, motor, and behavioral indexes m preschool children (2-5 years)

Author Age Study design Groups,n Length of Measures Resultsatbaseline Resultsat

(hematologic selection  treatment and follow up period

criteria) [hematologic  follow-up

group mean and mild

vs moderate

classification]

INTERVENTION TRIALS
30 Pollitt et al 3 6 years mtervention IDA n=25 11 12 weeks of three discrimi Discrimination learning Discrimination learning
1986 (Hb<10 g/dL 30 mg/kg per nation learning IDA children needed more IDA group improved on
IDA and NA plus one abnoimal day oral ferrous tests trials to criterion trials to criterion after

Guatemala

control given
treatment no
placebo control

biochemical measure
and Hb response to
therapy >2 g/dL)
[mean Hb =896
098 moderate IDA]

NA n=25

(Hb >11 g/dL

plus one normal
biochemical measure
and no Hb response to
therapy)

sulfate

two short term
memory tests

four oddity
learning tasks

no differences on oddity
learning
no differences on memory

treatment eliminating the
baseline differences
between IDA and NA
groups on trials needed to
reach criterion

Oddity learning

both groups improved
the NA group improved
significantly more than the
IDA group and

there were no significant
differences on memory

31 Soewondo et
al 1989

Indonesia

NA mean age
57 5 months

IDA mean age
542
months

double blind
intervention

IDA ID and NA
subjects
randomly
assigned to
receive treatment
or placebo

IDA n=49 (Hb<110g/
L plus two abnormal
biochemical measures)
[group Hb mean =
106 0£07 muld]

ID n=60

(Hb®110 g/L plus two
abnormal brochemical
measures)

NA n=70 (Hb®110g/L
plus two normal
biochemical measures)

8 weeks 50 mg
oral elemental
Fe

2 x two choice
discrimination
learning tests

3 x oddity
learning tasks

PPVT

Among the small number
of children who reached
learning criterion on
reversal disctimination
color tasks there wasa
significant difference
between groups mn number
of trials to criterion with
NA children learning faster

NA children performed
better than IDA children
on repeated twice and
thrice variations of the
oddity learming task

Of children who reached
criterion on trials to
learning on color discrimi
nation the IDA-+iron
children learned more
quickly than did the NA+
won chuldren

On the repeated twice
and thrice versions of the
oddity learning task iron
treated IDA children
performed better than
won treated NA children

There was no sigmficant
improvement 1n the
performance of the IDA
children treated with
placebo

Iron treated IDA children
showed significant
mmprovement 1 all iron
measures but the
improvement was small
and 1t is probable that ID
was not fully reversed

[4°]
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Studies of the effects of iron deficiency (with and without anenita) on cognifive motor, and behavioral indexes in school age children and adolescents (5-16 years)

saotpuaddy

Auther Age Design Groups, n Baselne to Measures Baseline differences Differences at follow up
(hematologic selecion  follow-up
criteria) [hematologic
group means]
OBSERVATIONAL STUDIES
32 Webb and 1214 observational IDA n=92 Towa Tests of IDA children scored lower
Oski1973a trial wath no (Hb101 114 g/dL) Basic Skalls levels  than did NA chuldren
double blind [lowest Hb was 10 6 + A F form 3 The older anemic males
USA procedure data 04 mild anemia] showed a progressive
were analyzed as departure from their
afunction of age =~ NA n=101 controls
subclass (12 13 (Hb140 149g/dL)
and 14 years)
33 Webb and same as Webb and Oski 1973 above Peterson Quay Anemic males showed
Oski1 1973b Behaviour more conduct disturbance
Problem than did their controls
USA Checklist mcluding distractibility
(see Soemantr: et al 1985
abstract report visual after above for a similar
of Webb and image task concentration finding)
Oski 1973 above overactivity disruptiveness
and negativism
IDA subjects showed
longer latency to after
image report than did
control subjects
INTERVENTION TRIALS
34 Seshadiiet 5 8 years mntervention Experimental groups 2 months of WNAC Between groups compart Iron treated children
al 5 6years n=23 20 mg oral six verbal tests sons on 1nitial develop mmprove 1n Hb and WNAC
1982 India before disaggre 6 7 years n 21 elemental Fe and  six performance  mental scores wete not and control shildren do
gation 1nto IDA 7 8 years n=19 folic acad tests reported not regardless of hemato-
Study 1 and NA control logic status
groups children  Control groups In children aged 7 8 years
stratified by age 5 6 years n=12 only WNAC score

and randomly
assigned to
receive treatment
or no tieatment
no placebo
control blind
status of the trial
not reported

6 7 years n=12
7 8 years n=10

IDA, n=39 (b <110 g/L)
[means not given]
NA, n=24 (Hb>110 g/L)

improvement was higher
for IDA than NA groups
(across treatments)

€<



Studies of the effects of iron deficiency (with and without anenua) on cognitive, motor, and behavioral indexes 1n school age children and adolescents (5-16 years)

Author Age Design Groups,n Basehneto Measures Baseline differences Differences at follow up
(hematologic selection  follow-up
criteria) [hematologic
group means)
OBSERVATIONAL STUDIES
34 Seshadriet 5 6 years double blind treated n=14 2 months of WNAC verbal No differences as matched Only the treated group
al mtervention [mean Hb =96 242 7 40 mgelemental  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 pairr  (mean Hb = 98 2+2 3 treated group were higher
matched on nonspecifiable] than those of the control
weight Hb DAM group
1Q per capita (IDAHb < 105 g/L + The experimental group
mcome and post hoc Hb increase > showed Hb increase of 23
maternal 15 g/L) g/L whereas the control
education one group showed a decrease of
child from each 2g/L
pair was randomly
assigned to recewve
treatment or
placebo no NA
control included
35 Pollitt et al average 95 years  double blind IDA n=28 4 months of 50 form F of the NA children were faster Only the anemic children
reported 1985 mtervention (Hb=115g/dL mg oral ferrous matching and more accurate at who were treated with iron
plus one abnormal sulfate familiar figure baseline became more efficient
Egypt IDA and NA biochemical measure test (assessment Efficiency scores for the
control children  and response to therapy) 15 of speed and treated anemic children
glven treatment [not specified] accuracy) were similar to the scores
or placebo no NA n=40 of the control children
report of (Hb>13 g/d plus a
randomization normal biochemical
procedure measure and no Hb
response to 1ron therapy)
36 Soemantriet 10 11 years double blind IDA n=78 3 months of educational No baseline differences Iron treated IDA children had
al 1985 mntervention (Hb<11 0 g/dL plus one 10 mg oral achievement noted between IDA and changed Hb values more than
abnormal biochemical ferrous sulfate maths biology NA on RPCM did other groups
Indonesia IDA and NA measure) social science, NA children performed The results of concentration
control [mean Hb=9741 131 and language better on educational assessment were not clear
randomly nonspecifiable] Bourden achievement than did IDA Iron treated IDA children
assigned to Wisconsin children improved their EA score more
recewve treatment NA n=41 concentration NA children were heavier than did placebo treated IDA
or placebo (Hb@12 0 g/dL plus test and taller than IDA children
normal measurements RPCM children A dafference on EA remained

1n the biochemaical
index)

The results of concentra
tion assessment were not
clear

between 1ron treated IDA
children and all NA children

No hematologic differences
were noted between treated
IDA and NA children
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37 Groner et al
1986

USA

pregnant women
ages 14 24 years

assumed to be at
nisk of ID

double blind

mtervention

randomized
assignment to
recetve treatment
or placebo

experimental n=16
(216 weeks pregnant
Hct®31%)

fmean Hb 12 2 g/dL
normal]

control (Just prenatal
vitamin) n=9
<16 weeks pregnant,
Hct®31%)

[mean Hb 12 3 g/dL
normal]

1 month of 90
mg ferrous
fumerate BID +
prenatal vitamin
treatment

artthmetic
total digit span
digit symbol
vocabulary
consonant

trigrams
RAVLT

No psychometric
differences except on one
subsection of the RAVLT
with experimental subjects
performing better than
control subjects

No correlation between
hematologic status and
psychometric test scores

Note that decreases in 1ron
measures were expected
because of the dilutional
effects of pregnancy

Control subjects
demonstrated greater
hematologic decrease than
did experimental subjects

Experimental group
improved on digit symbol
on one subsection of
consonant trigrams and
on two subsections of
RAVLT

Control subjects decreased
on arithmetic and
increased only on one
subsection of RAVLT

Experimental group
showed greater test retest
improvements than did
control subjects on three
tests because of control
group score decreases

No correlation noted
between hematologic status
and psychometric test
scores

No correlation noted
between hematologic
changes and changes 1n
psychometric test score

38 Kayshap and
Gopaldas 1987

India

girlsages 8 15
years

double blind

mtervention

after being pair
matched on age
Hb and mdi-
vidual total
cognitive function
test scores one
member of each
patr was randomly
assigned to receive
treatment or
placebo

groups were
disaggregated into
IDA and NA
control groups for
further analysis

expermmental n=65
control n=65

IDA n=81

( Hb <105 g/L)
[placebo 95 013
moderate
experimental

96 0+1 3 moderate]

NA n=20

assessments
every 4 months
for 1 year
mncluding
assessment at 12
months 4
months after
completion of
therapy,

60 mg oral
FeSO, treatment
as one tablet per
day for 2
months at the
begmning of
each of two 4
month school
terms

cognitive

function tests
visual recall
digit span
maze
clerical task

After disaggregation
anemic and NA groups
showed no baseline
differences 1n cognitive
function

-At 8 months1on supple
mented IDA children had
mmproved theirr Hb and
clerical task digital span
maze and overall scores more
than had placebo treated IDA
children

The only improvement 1n the

NA children was 1n the 1ron
treated group and was only
on mazes

At 12 months there were no
differences between placebo
and treated groups except on
mazes with the ron treated
group scoring higher still

The only significant drop 1n
scores 1n the treated group
was on mazes
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Studies of the effects of iron deficiency (with and without anemza) on cognitive, motor; and behavioral ndexes m school age children and adoles

cents {5-16 years)

Author Age Design Groups,n Baselineto Measures Baselme differences Differences at follow up
(hematologic selection  follow-up
criteria) [hematologic
group means)
OBSERVATIONAL STUDIES
39 Seshadri and Gopaldas 1989 India Study 1
re report of Seshadri et al 1982 Study 1 above
39 Seshadriand Gopaldas 1989 India Study 2
re report of Seshadrietal 1982 Study 2 above
39 Seshadriand  boysages 8 15 double blind experimental 30 mg 4 months cognitive After disaggregation
Gopaldas years mtervention dose (both IDA and function tests 30 mg and 40 mg iron
1989 NA) n=16 30 mg or 40 mg visual recall treated IDA and NA
after being oral ferrous digit span children improved their
Study 3 triplet matched experimental 40 mg sulfate therapy maze mdividual and overall
on age Hb dose (both IDA and for 2 months clerical task cognitive scores except for
India and baseline NA) n=16 the 30 mg group on mazes
cognitive The overall scores of the
function placebo (both IDA and 1ron treated groups were
scores subjects ID), n=16 higher than the placebo
within each set treated group with the 40
were randomly (IDA Hb<105 g/L) mg group showing more
assigned to NA (Hb>115 g/L) mndividual child improve
recewve 30 mg ment on visual recall, digit
treatment 40 IDA + 1ron

mg treatment,
or placebo

groups
disaggregated
mnto IDA and
NA control
groups for
further analysis

[98 £ 20 moderate]

IDA+ placebo
[placebo
98+26
nonspecifiable]

span maze and clerical
task and the 30 mg group
showing more individual
child improvement on
clerical task and visual
recall

These differences resulted
from changes 1n the
anemuic 1ron treated group
which improved more than
did the placebo treated
anemic group and all NA
groups

All subjects given 1ron
responded hematologically
with no dose effect

39 Seshadr1 and Gopaldas 1989 India Study 4
re report of Kayshap and Gopaldas 1987 above
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40 Soemantr1 average 10 5 double blind IDA n=58 3 months of 10 EA Note that in thus prelimi- Note that 1n this prelum
1989 years mtervention (Hb <110 plus one mg oral ferrous maths nary study no statistical nary study no statistical
abnormal biochemucal sulfate treat biology analysis was performed analysis was performed
Indonesia IDA and NA measure) ment with social science Iron treated IDA children
control children [IDA + iron mean developmental language No apparent IQ differ appeared to consistently
randomly Hb=977+40 assessments at 3 ences noted between show 1mprovement on all
assigned to IDA + placebo months and at 6 groups EA measures at all follow
receve treatment  Hb=96 8451 months NA children appear to ups 1ncluding 3 months
or placebo nonspecifiable] (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 sumular
normal biochemical NA children were taller mmproving trend in the
measure) and heavier than IDA placebo treated group
chidren although this appeared to
be of a smaller size
The changes 1n the NA
children were not 1n any
consistent direction or of a
large size
41 Pollitt et al 9 11 years double blind IDA n=101 2 weeks 50 mg RPCM IDA children scored lower  All children improved
1989 mtervention (Hb <120 g/L 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 oial ferrous maths IDA and ID children n improvement between
assessed children  (Hb®120 g/L 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
1ecetve treatment  (Hb®120 g/L plus
or placebo normal biochemical
measures)
42 Bruner et al 13 18years double blind ID + treatment n=37 8 weeks of 325 cognitive Both groups were simular Iron treated group had
1996 mtervention (Hb >12 0 g/dL mg ferrous functioning on hematologic and higher mean SF and Hb
SF <12 0 pg/L) sulfate twice per Brief Test of cognitive measures values
USA ID gurls [Hb 13 1+07 SF day Attention There was no effect of
randomly 9 1+22] Symbol Digit ron treatment on any of

assigned to
recelve treatment
or placebo no
NA control

group

ID + placebo n=36
(Hb>120g/dL

SF <12 0 pg/L)

[Hb 13 007 SF

8 542 6]

Modalities Test
Visual Search
and Attention
Test
Hoplans Verbal
Learning Test

the measures of attention

Treated girls performed
significantly better than
baseline scores and the
placebo treated group on
the total recall score of the
Hopkins Verbal Learning
Test
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Legend

ID wron deficiency (deficient) IDA, 1ron deficiency anemia (anemic) Idepl, rron depleted IM intramuscular NA nonanemic control Hb hemoglobin Hct, hematocrit, MCV mean
corpuscular volume SF serum ferritin

BLDQ, Brunet Lezine s Developmental Quotient BSID Bayley Scale of Infant Development DAM 1Q Draw a Man IQ Test EA Educational Assessment IBR Infant Behaviour Record
(subscale of BSID), MDI Mental Development Index (subscale of BSID) PDI Psychomotor Development Index (subscale of BSID) PPVT, Peabody Picture Vocabulary Test RAVLT, Rey
Auditory Verbal Learning Test, RPCM Raven Progressive Color Matrices SBIQ, Stanford Binet Intelligence Quotient U/HSPD Uzgiris and Hunt Ordinal Scales of Psychological Develop
ment WNAC Wechsler Intelligence Scale for Children WPPSI Wechsler Preschool and Primary Scale of Intelligence

Observational baseline hematologic and nonhematologic measurements only are taken from groups to be compared intervention the IDA and ID groups are given 1ron supplementation

usually after baseline hematologic and nonhematologic assessment preventative IDA and ID 1n a risk population are prevented with prophylactic supplementation from an early age, and

the development of the subjects 1s 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 according to the same procedure as the administration of the iron supplement randomized subjects are randomly assigned to treatment or placebo groups NA control an
NA group 1s included, usually matched to the IDA or ID group for age (as a mummum) and given the same developmental assessments Here the NA control group often receives the same
ron supplementation or placebo administration as do the IDA and ID groups

To convert from conventional values to SI values, use the following factors for ferritin, multiply by 1 to convert from ng/mL to ug/L for hemoglobin multiply by 10 to convert from g/dL to
g/L, for hematocrit multiply by 0 01 and delete the percent sign
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APPENDIX B

List of studies used in the
bibliography, by category
Studies of the Short-term Effects of IDA and ID Infants
and Young Children (6B24 Months)

Aukett et al (1986) Reference 12

Deinard et al (1981) Reference 1
Grindubs et al (1986) Reference 3
Heywood et al (1989) Reference 17
Idjradinata 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 (1982¢) Reference 6

Lozoff et al (1985) Reference 11

Lozoff et al (1986) Reference 4

Lozoff et al (1987) Reference 13

Lozoffetal (personal communication, 1996) Reference
19

Moffat et al (1994) Reference 18
Oski and Homug (1978) Reference 5
Oski 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
Palti et al (1983) Reference 23

Palt1 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 (2B5S
Years)

Deinard 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

Situdies of the Effects of IDA and
ID: School-age Children and
Adoliescents (5B 16 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

Seshadn and Gopaldas (1989) Reference 39
Seshadri et al (1982) Reference 34
Soemantr (1989) Reference 40

Soemantr1 et al (1985) Reference 36

Webb and Oski (1973a) Reference 32
Webb and Oski (1973b) Reference 33
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APPENDIX C

A brief description of the test mstruments used i the study of ID/IDA on cognition, behavior, development, and

educational achievement

Tests are listed i alphabetical order A description of each test 1s given and/or the name of the test publisher

1. Tests of Development,
Behavior, and Intelligence

Bayley Scale of Mental Development

Bayley N (1969) Bayley Scales of Infant Development
Manual New York Psychological Corporation

The scales give three complementary tools for assessing
a child’s developmental status between the ages of 2
months and 2 years The test 1s gtven mndividually

1 The Mental Scale (MDI) Measures perception,
memory, learning, problem solving, vocalization, the
beginnings of verbal communication, and rudimentary
abstract thinking

2 The Motor Scale (PDI) Measures gross motor abih-
ties, such as sitting, standing, walking, and stair climb-
g Also measures manipulatory skills of hands and
fingers At the infant level, these abilities are considered
to play an important part in children’s interactions with
the environment and thus in the development of their
mental processes

3 The Infant Behavior Record (IBR) Thus 1s a rating
scale completed by the examuner after the other two parts
have been given It assesses various aspects of personal-
ity development such as emotional and social behavior,
attention span persistence, and goal directedness

US norms were developed for children 2 to 30 months
old The MDI and PDI give separate developmental
mdexes expressed as normalized standard scores with a
mean of 100 and a standard deviation of 16 (as 1n the
Stanford-Binet) Raw scores on mdividual subtests may
also be used

The scales are advised for assessing current developmen-
tal status and not for predicting future abilities They
may be useful 1n the early detection of sensory and neu-
rological defects, emotional disturbances, and environ-
mental deficits

Beery Test of Visual Motor Integration

Beery KE (1982) Adnunistration, scoring, and teach-
g manual for the developmental test of visual-motor
mtegration Cleveland, OH Modern Curriculum Press

Bourden-Wisconsin Card Sorting Test

Heaton RK (1981) A manual for the Wisconsin Card
Sorting Test Odessa, FL Psychological Assessment
Resources

The test was origmally developed to measure concep-
tual levels of the normal adult population It has, how-
ever, become very popular in clinical neuropsychology
and 1s regarded as sensitive in revealing behavioral r1-
gidity, which 1s typically exhibited by patients with fron-
tal lobe syndrome Adult-level performance in the test
emerges at the age of approximately 10 years

The test 1s given mdividually It consists of two 1dentical
packs of cards which the subject has to categorize with
the help of four stimulus cards and cued feedback given
by the experimenter When a particular sorting crite-
rion (color, form, or number) 1s established, the experi-
menter changes it unexpectedly The test 1s finished when
six categories have been identified or all (128) cards have
been used Successful performance requires reasoning
ability and flexibility to alter sorting strategies
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Bruminks-Oseretsky Test of Motor Proficiency

Herrick VE (1959) The Iowa School Performance Test
In Buros OK, ed The fifth mental measurements
handbook Highland Park, N] Gryphon, p 311 (also
published by American Guidance Service in 1978)

Ongnally published in Russia in 1923 The most recent
version was published in 1978 Designed to cover all
major types of motor behavior and used for testing men-
tally retarded children (who frequently have motor
mmpawrment) and children with motor handicaps, mini-
mal bramn dysfunction, or learning disabilities ~ Stan-
dardized for ages 4 to 14 years The complete bat-
tery consists of 46 items grouped nto eight subtests It
takes 4560 mmutes to complete and gives three scores
a Gross Motor Composite, which measures performance
of the large muscles (shoulders, trunk, and legs), a Fine
Motor Composite, which measures performance of the
small muscles (fingers, hands, and forearm), and a total
Battery Composite Score There 1s also a 14-item Short
Form, which gives a single index of general motor profi-
clency

Brunet-Lezine’s IQ Test

Brunet O, Lezine I (1951) Le developpement
psychologique de Uenfant Paris Presse Unwversitatre
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) coordmmation development, (3) language develop-
ment, and (3) social-personal development

Denver Developmental Screening Test

Frankenburg WK, Dodds B, Fandal AW (1973) Den-
ver Developmental Screening Test manual workbook
for nursing and paramedical personnel Denver, CO
Umversity of Colorado Medical Center
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The test was designed for use with children from birth to
6yearsofage It measuresinfantand child development
and 15 divided mto four parts (1) personal-social, e g,
ability to put on and remove clothes, (2) fine-motor—
adaptive, e g, ability to draw, (3) language, e g, ability
to use plurals, opposite analogies, define words, and (4)
gross motor skills, e g, ability to throw a ball

US age-standardized scores are available The test has
been validated against the Bayley Scale of Infant Devel-
opment and the Stanford-Bmet and also standardized
for use m multiracial communities

Goodenough-Harris Draw-a-Man Test

Harris DB (1962) Children’s drawings as measures of
mtellectual maturity a revision and extension of the
Goodenough Draw-a-Man Test New York Harcourt
Brace and World

Draw-a-Man Test was first standardized in 1929 Cur-
rent version was restandardized by Harris n 1962 The
test mstructions are sumply, “Make a picture of a man,
make the very best picture that you can” There are also
mstructions for drawing a woman and for drawing one-
self It may be given mdividually or 1n groups Empha-
s1s 1s placed on the child’s accuracy of observation and
on the development of conceptual thinking, rather than
on artistic skill Points are given for the inclusion of
mdmvidual body parts, clothing details, proportion, per-
spective, etc  'The maximum number of pomts for the
man or the woman 1s 73 and 71, respectively These are
transformed into standardized scores based on U S
norms with a mean of 100 and a standard deviation of
15 An alternative, simplified scoring system called the
Quality Scale may be used where the child’s drawing is
matched to the one 1t resembles most closely 1n a graded
sertes of 12 sample pictures

In older children, performance on the test 1s saxd to cor-
relate well wath tests of reasoning, spatial ability, and
perceptual accuracy, whereas 1n pre-school-age children
1t correlates best with numerical aptitude Performance
on the test 1s quite heavily mfluenced by cultural back-
ground
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Ilnoss Test of Psycholinguistic Abilities Re-
vised (ITPA-R)

Champaign, IL Unversity of Illinois Press

Thus 1s an mdividually administered test for children 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, organizing, 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 includes the
following dimensions visual-motor channel, expressive
process, and representational level

The ITPA 1s considered very culturally restricted i that
1t was developed for US muddle- class children, so 1ts
use 18 not recommended for lower-socioeconomic or
munority groups

Towa Tests of Basic Skills Levels A-F, Form 3
Chicago Ruwverside Publishing Company

Thus 15 a test of educational achievement in U'S children
n kindergarten to grade 9 The battery gives a profile of
scores on the major academuc areas of reading, writing,
and artthmetic  The three domams tested are (1) lan-
guage (vocabulary, reading comprehension, spelling,
capitalization, punctuation, language usage), (2) work-
study skalls (visual materials, reference materials), and
(3) mathematics (mathematical concepts, problems
solving, computation)

Performance on the test at different grades can be di-
rectly compared

Mults-Level Informal Language Inventory (MILI)
Intelligence Scale for Preschool Children

Developed by C Goldsworthy and W Secord in 1982,
the test measures language growth and development 1n
Israeli children 4-6 years old

Peabody Picture Vocabulary Test. Revised (PPVT-
R)

Dunn LM (1981) Peabody Picture Vocabulary Test—
Revised Circle Pines, MN American Guidance Ser-
vice

The test provides a quick measure of the “use” of vocabu-
lary It takes around 15 minutes to complete and con-
sists of a series of 175 plates, each containing four pic-
tures As each plate 1s presented, the examner provides
astimulus word orally The test taker responds by pont-
ng to the picture on the plate that best dlustrates the
meaning of the stumulus word It 15 especially useful for
testing vocabulary use among people who are not hiter-
ate, who are not able to vocahze well, or who are deaf
In studies mvestigating the effects of iron deficiency ane-
mua on chuldren’s cognitive/motor/mental development,
1t 1s sometimes used as a relative measure of the educa-
tronal level of parents Performance in the United States
and the United Kingdom correlates well with other vo-
cabulary tests and also reasonably well with verbal 1n-
telligence, educational achievement, and scholastic ap-
titude

Peterson-Quay Behavior Problem Checklist

Peterson DR, Quay HC (1967) Manual for the Be-
havior Problem Checklhist Unpublished manuscript,
Unwversity of Illinors

Ravens Coloured Progressive Matrices

London HK Lewss & Co Ltd, San Antonio, TX Psy-
chological Corporation

This 1s an easier version than the Ravens Progressive
Matrices (RPM) RPM was designed n 1983 as a mea-
sure of mtelligence, specifically Spearman’s g factor Per-
formance 1s based on an ability to analyze/interpret 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 series of pictures arranged 1n a ma-
trix from which a piece 1s missing  Chuldren 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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discrimination, and the more difficult items measure
analogies and logical relations It can be given individu-
ally or n groups There 1s no time limat, although chil-
dren usually complete 1t in 10 to 40 minutes

Shaefer Classroom Behavior Inventory

Shaefer ES, Droppleman LE, Kalverboer AF (1965)
Development of classroom behavior checklist and fac-
tor analyses of children’s behavior in the United States
and the Netherlands Proceedings of a Conference of
the Society for Research in Child Development, Min-
neapolis, MN

The Classroom Behavior questionnaire was designed
for use as a routine screening procedure for learning
and behavioral problems of children Children are as-
sessed by their teachers There are 60 questions on sec-
tions mcluding (1) learning achievement (assessed by
reading, writing, spelling, arithmetic, and general knowl-
edge), (2) task orientation—(2a) positive task orienta-
tion (comprehension, persistence, and self-control) and
(2b) negative task orientation (distractibility, lack of
discipline, and motor restlessness)—and (3) mood
(anxuety, depression, aggressiveness, and mood swings)
Each question 1s scored on a four-point scale (0-3) The
questions have equal weight

Sheridan Developmental Sequences

Sheridan M (1978) Children’s developmental progress
Windsor NFER, pp 1-55 (currently out of print)

Stanford-Binet Intelhigence Scale
Chicago Rwerside Publishing Company

Ornignally designed 1n 1905 as a measure of 1Q/general
mtelhigence The current (fourth) edition was published
m 1986 It 1s admuinistered individually Fafteen tests
measure four cognitive domains (1) verbal reasoning,
e g, vocabulary, comprehension, (2) abstract/visual
reasoning, e g , number series, equation building, (3)
quantitative reasoning, e g, pattern analysis, copying
paper folding, and cutting, and (4) short-term memory,
e g, bead, sentence, digit, or object memory The 1tems
are given 1n a mixed order to retamn a child’s interest and
attention Six of the tests are used for all ages, whereas
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the remaining nine tests erther begin or end at a higher
level

Although the overall score gives a useful measure of 1Q,
the scores on the mdividual subtests provide informa-
tion on specific learning difficulties U S normahzed
age-standardized scores are available for individuals 2
to 23 years old The overall score has a mean of 50 and a
standard deviation of 8, whereas the scores for each of
the four cognitive domains have a mean of 100 and a
standard dewviation of 16 Raw scores on individual
subtests can also be used

Uzgiris and Hunt Ordinal Scales of Psycholog-
cal Development

Uzgiris IC, Hunt ] McV (1975) Assessment in infancy
Ordinal Scales of Psychological Development Urbana,
IL Unaversity of Illinoss Press

Wechsler Intelligence Scales

Wechsler Adult Intelligence Scales—Revised (WAIS-
R)

Wechsler Intelligence Scale for Children—Re-
vised (WISC-R)

Wechsler Pre-school and Primary Scale of Intelli-
gence—Revised (WPPSI-R)

New York Psychological Corporation

There are three scale (1) WAIS for adults (>16 years)
published m 1939, (2) WISC-R for school-age children
(ages 6 to 16 years) published in 1974, and (3) the
WPPSI-R for preschool children (ages 4 to 6 years)
published n 1989 Each scale 1s used as measures of gen-
eral intelligence and sometimes as an aid 1 psychiatric
diagnosis, and 1s given mdmvidually

Within each scale there are two main parts (1) Verbal
Scale In the WISC-R, this constitutes six subtests In-
formation, Similarities, Arithmetic, Vocabulary, Com-
prehension, and Memory (Digit-Span) (2) Perfor-
mance Scale In the WISC this constitutes five subtests
Picture Completion, Picture Arrangement, Block De-
sign, Object Assembly, and Coding (or Mazes) Perfor-
mance on mdividual subtests can give information about
speaficlearning difficulties Subtests that have been used
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m studies on 1ron deficiency anemia and cogmtion are
described mdividually below

The scores may be age standardized to U S norms, with
amean of 100 and a standard deviation of 15 However,
raw scores or standardized scores on mdividual subtests
can also be used Performance correlates highly (0 80)
with the Stanford-Bmet The full battery takes around
60 minutes to give

‘Woodcock-Johnson Psycho-educational Battery

McGrew KS, Werder JK, Woodcock RW (1991) WJ-R
techmical manual Allen, TX DLM

2. Tests of Cognitive Function

A Brief Test of Attention

Schretlen D, Bobholz ], Brandt ] (1996) Development
and psychometric properties of the Brief Test of Atten-
tion Clinical Neuropsychology 10 80-89

Thus 1s a measure of auditory divided attention in which
participants histen to a tape of letters and numbers (e g,
4-A-8-G-3-2) and are asked to report how many letters
or numbers they hear

Hoplans Verbal Learming Test

Brandt J (1991) The Hopkins Verbal Learning Test
development of a new memory test with six equivalent
forms Clinical Neuropsychology 5 125-142

This 1s a test of cognitive function Itisa 12-item seman-
tically categorized word-list learning test  There are
three free recall trials, a delayed recall trial, and a yes/no
recognition test Participants are read the same st of
words three times, and each tume they are asked to re-
peat as many words as they can recall Twenty minutes
later they are asked to say which words they remember
and are read 24 words that mclude the original 12 words
plus 12 semantically related and unrelated words

Symbol Digit Modalities Test

Smuth A (1973) Symbol Digit Modalities Test manual
Los Angeles Western Psychological Services

Ths 1s a timed measure of visual attention, motor speed,
and rapid coding i which participants print the num-
ber that corresponds to a written symbol lsted at the
top of the test page The task 1s then repeated with the
participant saymg the digits

Visual Search and Attention Test

Psychological Assessment Resources (1990) Visual
Search and Attention Test professional manual
Odessa, FL Psychological Assessment Resources Inc

Thus 15 a timed test of visual scanning, target detection,
and cancellation 1n which participants locate and cross
out letters or symbols that look like the target

Test of Attention m Infants—Habituation/Fixa-
tion

Test reported by Heywood et al (1989)

The child was seated on its mother’s lap Two meters in
front of the mother and child was a screen with a peep-
hole 1n the middle The observer sat behind the screen
out of sight of the child and observed and timed the
visual fixation of the child to the stimulus with a cumu-
lative stopwatch and recorded the number of looking
episodes The stimuli were presented 1n front of the
screen Two stimuli were used a brightly colored blown-
up plastic fish or doll The fish was presented for four
trials, each lasting 30 seconds, with a 15-second interval
The doll was presented on the fifth trial for 30 seconds
At the start of each tnal, the stimulus was pressed so 1t
would squeak

Consonant Trigrams

Test used 1 Groner et al (1986) No reference pro-
vided
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Rey Auditory Verbal Learning Test

Test used in Groner et al (1986) No reference pro-
vided

3. Discrimination Learning

(1) Two chowces with three-dumensional objects

The child 1s presented two three-dimensional objects (toy
car, toy whustle, etc ) mounted on wooden bases A yel-
low happy face 1s pasted on the bottom of only one of
the bases The child’s task 1s to discover which stimulus
hides the happy face underneath it After each trial the
sttmuli are rearranged out of the child’s view, and the
procedure continues until a criterion of seven correct
responses 1n a row 1s met The reverse problem 1s then
administered with the same criterion

(2) Two choices with two-dimensional objects

The task 1s 1dentical to the three-dimensional task ex-
cept that the happy face 1s pasted on the bottom of a
cardboard picture cut from a child’s book

Shore-Term Memory Task

A large number of two-choice visual discrimmation
learming problems consisting of two-dimensional pic-
tures are presented concurrently for a total of four trials
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each Trals 1 and 2 are consecutive Trials 2 and 3 have
erther zero, four, or eight interpolated items separating
them Trial 4 occurs 24 hours later A happy face 1s
posted on the back of the correct satmulus

Oddsty Learning

Three two-dimensional pictures (stimuli) are presented
stmultaneously on a black card, and two of the stmuh
are identical The only nstructions given are “to find
the wmner” The correct answer/winner 1s the picture
that 1s different from the other two (oddity) In the first
trials, new stimuli are used each time In the remaining
trials the same stimuli are repeated each tume m an AAB,
ABB manner Thus, the specific character of a stimulus
does not determune 1ts correctness, rather, 1t s the rela-
tionship of a character to other stmuli 1n the array

Matching Famibar Figures Test—Form F

The child 1s shown two cards one card, the standard,
has a picture on 1t, and the other card has pictures of six
variants of the standard The child has to match the
standard and one of the alternatives The time taken for
the first response and the errors made before a perfect
match 1s achieved are recorded

The remaining cogmitive tests mentioned in the Biblog-
raphy are all tests within the Wechsler Scales These
include Mazes, Clertcal Task, Visual Recall, Digit-Span,
Dugut-Symbol, Arithmetic, and Vocabulary



