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ARTICLES

Iron Deficiency Anemia and Cognitive Function in
Infancy
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ABBREVIATIONS

IDA—iron-deficiency anemia

ID—iron deficiency

FTIl—Fagan Test of Infant Intelligence
ERP—electroencephalogram event-related potentials
IS—iron sufficiency

. OBJECTIVES: This study examined effects of iron deficiency anemia
Hb—hemoglobin

NA ID—nonanemic 1D (IDA) on specific domains of infant cognitive function and the role of
BRS—Behavior Rating Scale IDA-related socioemotional deficits in mediating and/or moderating
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d0i10.1542/peds 2009-2097 METHODS: Infants were recruited during routine 9-month visits to an

inner-city clinic. IDA was defined as hemoglobin level <110 g/L with =2
abnormal iron deficiency indicators (mean corpuscular volume, red
cell distribution width, zinc protoporphyrin, transferrin saturation,
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FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose. RESULTS: Twenty-eight infants met criteria for IDA, 28 had nonanemic
iron deficiency (NA ID) and 21 had iron sufficiency (IS). There was a
linear effect for object permanence at 9 months: infants with IDA were
least likely to exhibit object permanence, IS most likely, and NA ID
intermediate. Infants with IDA and those with hemoglohin level =105
g/L showed poorer recognition memory on the FTll than infants without
IDA. The Behavior Rating Scale orientation/engagement measure par-
tially mediated these effects. Stronger effects of IDA on these outcomes
were seen in infants who scored more poorly on the socioemotional
measures.

CONCLUSIONS: These data indicate poorer object permanence and
short-term memory encoding and/or retrieval in infants with IDA at 9
months. These cognitive effects were attributable, in part, to IDA-
related deficits in socioemotional function. Children with poor socio-
emotional performance seem to be more vulnerable to the effects of
IDA on cognitive function. Pediatrics 2010;126:€427—-e434
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Iron-deficiency anemia (IDA) is a com-
mon cause of morbidity worldwide, af-
fecting an estimated 1 to 2 billion peo-
ple.! The prevalence of IDA and iron
deficiency (ID) has markedly declined
in US infants since the 1980s, but rates
among poor, minority, and/or immi-
grant infants remain high.? Infants
with IDA showed lower cognitive test
scores than infants without IDA in all
but 1 of 14 studies,** and follow-up
studies suggested that effects of
chronic, severe ID in infancy on cogni-
tive function persist later in life.>6 Most
studies also found that infants with IDA
have lower motor test scores and
poorer socioemotional behavior than
their peers without IDA34 To our
knowledge, none has considered pos-
sible connections between IDA-related
affective and cognitive deficits, with
the exception of an early report by Lo-
zoff et al” of lower Bayley mental and
motor scores in infants with IDA and
abnormal affect.

Although IDA in infancy has consis-
tently been associated with cognitive
deficits on global developmental tests,
few studies have examined specific do-
mains of cognitive function in infancy.
A preventive trial in Chile found that
infants who did not receive iron sup-
plementation exhibited slower pro-
cessing speed on the Fagan Test of In-
fant Intelligence (FTII) than infants who
received iron supplementation.? In an
inner-city US sample, we reported a
developmental delay at 9 to 10 months
in attention and memory in infants
with IDA by using electroencephalo-
gram event-related potentials (ERP);
this delay was no longer evident at 12
to 13 months.® We also found dose-
response effects of ID (with or without
anemia) on infant socioemotional be-
havior in this sample, specifically, in-
creased shyness and decreased orien-
tation/engagement, soothability, and
positive affect and engagement.!® In-
fants who had ID without anemia
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showed effects that were intermediate
between infants with IDA and iron
sufficiency (1S).

The aims of this study were (1) to de-
termine whether effects of IDA during
infancy seen in the ERP assessments
are specific to attention and memory
or evident across a broader range of
cognitive domains; (2) to test the hy-
pothesis that effects of IDA on cognitive
function are mediated by affective/
emotional deficits; and (3) to examine
whether the effects of IDA on cognitive
function are exacerbated by affective/
emotional differences between infants.

METHODS
Participants

Infants were recruited during routine
9-month visits to Children’s Hospital of
Michigan, which serves an economi-
cally disadvantaged, inner-city popu-
lation.”® Fewer than 10% of those
contacted declined screening. Recruit-
ment was restricted to black infants,
who compose >90% of the clinic pop-
ulation. Of 881 infants screened be-
tween April 2002 and August 2005, 408
were not eligible for =1 reason: not
black (73), low birth weight (130), mul-
tiple births (29), maternal perinatal
complications (152), infant medical
conditions (168), maternal age <18
years (43), heavy or unknown alcohol
use (29), medicinal iron (22), or child
in foster care (17). Of 473 who quali-
fied, reasons for nonparticipation
were lack of interest (61), insufficient
blood (49), did not meet hematologic
criteria or had insufficient iron mea-
sures to classify (35), or too old for
neurobehavioral testing (86). Among
the first 316 infants recruited, there
were no differences between infants
with blood work and those without re-
garding gender, birth weight, and ges-
tational age or maternal age, educa-
tion, and marital status." Infants
without blood work had been hospital-
ized somewhat more often, and their

mothers had more children (P <<0.05).
All infants were given iron supplemen-
tation from the first visit onward re-
gardless of iron status.

0f 242 potentially qualifying infants
who were invited for neurobehav-
ioral testing at the Child Development
Research Laboratory, Wayne State Uni-
versity, 76 declined additional partici-
pation, 48 repeatedly missed appoint-
ments, 4 had high or missing lead
values, 36 did not meet entrance crite-
ria, and 1 had developmental delay.
The neurobehavioral sample assessed
at 9 to 10 months consisted of 113
healthy, term infants. Of these, 87
(77%) returned for 12-month neurode-
velopmental testing. At both visits, in-
fant weight, height, and head circum-
ference were measured by trained
staff and subsequently converted into
z scores on the basis of Centers for
Disease Control and Prevention
norms.’2 All infant assessments and
maternal interviews were conducted
by examiners who were blind with re-
spect to infant iron status. The study
design was approved by the Wayne
State University and University of Mich-
igan institutional review boards.
Signed informed consent was ob-
tained for the screening phase and
neurobehavioral study.

Iron Status Assessment

Initial venous blood tests included a
complete blood count, lead level, and
zinc protoporphyrin—heme ratio, per-
formed at the Detroit Medical Center,
and serum iron, total iron-binding ca-
pacity, transferrin saturation, ferritin,
transferrin receptor, and markers of
inflammation performed at the labora-
tory of John Beard, Pennsylvania State
University. Assay techniques and qual-
ity control have been reported previ-
ously.'® ID was defined as =2 abnor-
mal iron measures, by using cutoffs
from the Second National Health and
Nutrition Examination Survey,’s the
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Third National Health and Nutrition Ex-
amination Survey,' and Centers for
Disease Control and Prevention' s
mean corpuscular volume <74 fl; red
cell distribution width >14%; zinc
protoporphyrin—heme ratio (missing
for 4 infants) >69 wmol/mol heme
(corresponding to free erythrocyte
protoporphyrin >80 wg/dl); trans-
ferrin saturation <12%; and ferritin
<12 pg/L. IDA was defined as ID plus
hemoglobin (Hb) level <110 g/L and
nonanemic ID (NA ID) as ID with a
higher Hb. IS was defined as Hb =115
g/L and no more than 1 abnormal iron
measure. Ofthe 113 infants who under-
went neurobehavioral testing, 77 met
final iron status criteria: 28 IDA, 28 NA
ID, and 21 IS. Given the relatively small
sample size, this article focuses mainly
on a comparison of the infants without
anemia (NA ID + IS) with those with
IDA. At the 9- to 10-month visit, infants
were provided with oral iron (22 mg/
day elemental iron).

Neurobehavioral Assessments

Visual Recognition Memory and Pro-
cessing Speed.

Visual recognition memory was as-
sessed at both visits by using the FTII.'"
The infant, seated on the mother’s lap,
is first shown 2 identical photographs
and then a novel photograph paired
with the familiar one. The normative
response, preference for the novel
stimulus, indicates ability to recall the
familiar stimulus and discriminate it
from the novel one. Infant fixation was
recorded on a computer, and prefer-
ence for novelty was computed by di-
viding duration of time looking at the
novel stimulus by total time looking at
the paired familiar and novel stimuli
for each of the 10 problems. Mean
length of look, a measure of process-
ing speed,'®'9 was computed for each
problem by dividing the total duration
looking time by the number of looks. A
pattern of short looks is believed to re-
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flect more rapid and efficient process-
ing of information.?0

Object Permanence and a Precursor
of Executive Function

In the A-not-B task? the examiner
hides a toy in 1 of 2 locations. Object
permanence, the Piagetian task most
strongly related to later 10,22 is admin-
istered to determine whether the in-
fant can retrieve the toy from the loca-
tion where it is hidden.% In subsequent
trials, the examiner distracts the in-
fant for 3 seconds after hiding the toy.
When the infant succeeds in retrieving
thetoy 3times, the examinerincreases
the length of the delay by 2 seconds, to
a maximum of 11 seconds. Perfor-
mance is assessed in terms of the
longest delay at which the infant suc-
ceeds in retrieving the toy and perse-
verative errors, the percentage of tri-
als during which the infant continues
to search on the incorrect side. This
paradigm is considered a precursor of
executive function?' (ie, the ability to
use new information to override a pre-
potent tendency to search where the
toy was previously retrieved) 24

Symbolic Play

Symbolic play with objects emerges in
a hierarchical sequence of stages of
increasing complexity.2 Complexity of
play was assessed by using the proce-
dure developed by Belsky et al? and
adapted by Jacobson et al.?” The infant
is placed on the floor with a standard
set of toys for 10 minutes of free play.
Suggestion and modeling are then
used to elicit progressively higher lev-
els of play than those spontaneously
exhibited by the infant. Elicited play
level is scored as the highest of 14 lev-
els successfully imitated by the infant.
Level of play was scored by a single
examiner, whose interobserver reli-
ability calculated for a previous study
on the basis of 33 assessments was
94.5% (range: 83%—100%).%

ARTICLES

Affective Measures

As previously reported,’® mothers
completed the 20-item Emotionality,
Activity, and Sociability Temperament
Survey? at both visits. Internal consis-
tency reliabilities for the Emotionality,
Activity, and Sociability Temperament
Survey ranged from r= —0.12to0 0.51
(median: 0.24). Two infant examiners
completed a 30-item Behavior Rating
Scale (BRS)® at both ages. BRS com-
posite affective factors include orien-
tation/engagement and emotional
regulation. Internal consistency reli-
abilities ranged from r = 0.20 to 0.80
(median: 0.50) for orientation/engage-
ment and r = 0.00 to 0.65 (median:
0.33) for emotional regulation at 9
months. Mothers and examiners were
unaware of the infant’s iron status at
the time of assessment.

Control Variables

Maternal control variables that were ex-
amined for potential confounding effects
included age at delivery, educational
level, Hollingshead Scale for Socioeco-
nomic Status,' social support,3? verbal
(Peabody Picture Vocabulary Test—
Revised)® and nonverbal (Raven Pro-
gressive Matrices)®* cognitive ability,
Beck Depression Inventory,3 Spiel-
berger State-Trait Anxiety Scale,®® qual-
ity of parenting and cognitive stimulation
(Home Observation for Measurement of
the Environment),’” and stressful life
events.s® Infant control variables in-
cluded age at visit, gender, growth indi-
ces, breastfeeding, and blood lead levels.

Data Analysis

The relation between object perma-
nence and IDA was examined by using
x°. The continuous measures of cogni-
tive function were examined in an anal-
ysis of covariance comparing the in-
fants with and without IDA, after
adjustment for potential confounders.
A suggestive trend relating to recogni-
tion memory was examined further in
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an exploratory analysis comparing in-
fants who had more marked IDA (Hb
level =105 g/L plus =2 abnormal iron
measures) with infants who did not
have anemia on novelty preference by
using independent sample ttests. Out-
comes related to IDA were examined in
multivariate analyses, in which all po-
tential confounding variables that
were even weakly related to the out-
come measure (at P < .10) were con-
trolled statistically.

Hierarchical multiple regression anal-
ysis was performed to determine
whether any socioemotional mea-
sures that are affected by IDA mediate
the observed effects of IDA on cognitive
outcome. For each cognitive outcome
related to IDA, IDA status and the po-
tential confounders were entered in
step 1; the socioemotional variable be-
ing examined was entered in step 2.
When the standardized regression co-
efficient for IDA at step 1 was signifi-
cantly reduced at step 2, we inferred
that the socioemotional measure be-
ing examined partially mediated the ef-
fects of IDA on the cognitive outcome.
Statistical significance for mediation
was tested by evaluating the change in
the regression coefficient for IDA from
step 11to step 2 by using the Difference
in Coefficients Test.®940 One-tail tests
were used because the mediation hy-
pothesis was unidirectional.

For examination of whether socioemo-
tional factors exacerbated the effect of
IDA on cognitive outcome, each socio-
emotional variable was dichotomized
at the median.*' Analyses of the rela-
tion of IDA to the cognitive outcomes
were then performed separately for
each group. When the regression s
for IDA in relation to the cognitive out-
come were at least 20% larger in 1 of
the 2 groups, we inferred that the so-
cioemotional factor on which the
groups were dichotomized exacer-
bated the effect of IDA on the cognitive
outcome in question.
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TABLE 1 Sample Characteristics by Iron Group

Characteristic No Anemia IDA
N Mean or % N Mean or % tor x?
(SD) (SD)
Infant characteristics
Hb, g/L 49 121 (0.6) 28 102 (0.5) —14.532
Female gender, % 49 38.8 28 50.0 0.92
Age at 9-mo visit, mo 49 9.8(0.3) 28 9.6 (0.4) —1.40
Age at 12-mo visit, mo 38 12.7 (0.6) 24 12.6 (0.5) —0.69
Breast-fed, % 49 53.0 28 32.0 —3.15°
Lead, pug/dL 49 26(2.1) 28 2.4 (1.5) —0.57
9 mo
Weight for age zscore 49 0.1(1.2) 28 —0.5(1.9) —2.40°
Height for age zscore 49 —04(12) 28 —0.5(0.9) —0.40
Weight for height zscore 49 09 (1.3 28 0.2(1.1) —2.65¢
Head circumference, cm 49 452 (1.6) 28 446 (1.6) —1.03
12 mo
Weight for age zscore 38 0.6 (1.5) 24 02(1.1) —2.30°
Height for age zscore 38 —0.1(1.0) 24 —0.4(0.8) —1.21
Weight for height zscore 38 0.8(1.2) 24 0.0 (2.2 —1.80¢
Head circumference, cm 38 46.4 (1.5) 24 46.1 (1.3) —0.70
Maternal characteristics
Age,y 47 24.6 (5.8) 28 23.9 (5.6) —0.52
Education, y 48 12.3 (1.3) 20 12.3 (1.6) 0.21
Verbal competence (PPVT-R3%) 45 72.5 (14.4) 27 70.7 (12.8) —0.54
Raven Progressive Matrices® 37 35.2 (10.3) 24 35.1(9.5) —0.40
Hollingshead Scale for 47 28.3(7.7) 26 28.1(9.4) —0.11
Socioeconomic Status®!
Social supporte 38 3.3 (0.5 22 3.5 (0.3) 1.69
HOME score?” 38 31.1(6.1) 23 324 (5.2) 0.86
Beck Depression Inventory® 46 6.2 (4.9) 27 6.1 (5.0) —0.11
Spielberger State-Trait Anxiety 37 35.8 (9.4) 24 32.8(9.1) —1.22
Scale®
Life Experience Survey—Maternal3® 38 21.3(18.0) 22 241 (18.1) 0.87
PPVT-R indicates Peabody Picture Vocabulary Test-Revised; HOME, Home Observation for Measurement of the Environment—
Revised.
ap= 001.
bp=10.
cp= 05
ap= 01

¢ Crnic’s adaptation of a scale by Henderson.3

RESULTS

Sample Characteristics

Infants with IDA were similar to infants
without anemia in sociodemographic
background but differed on the hema-
talogic indices and weight at both vis-
its (Table 1). Infants with IDA weighed
less and had lower weight-for-height z
scores. Lead levels were low in all
groups; none had levels >9 pg/dL, and
>90% had levels <5 ug/dL. There
were no differences iniron indices, IDA
status, or sociodemographic back-
ground at 9 months between those
who returned for testing at 12 months

and those who did not (P> .15), except
that mothers who were not seen at 12
months had completed fewer years of
school (11.6 vs 12.4; P < .05), and in-
fant length was slightly shorter for
those seen only at 9 months (69.4 vs
71.0 cm; P = .05). After 3 months of
treatment, iron status data at 12
months, available for 49 of the 77
infants, demonstrated persistent
between-group differences in Hb (IDA
110 g/L vs non-IDA 119 g/L; P = .01),
although among infants with IDA, Hb
had improved significantly (from 102
to 110 g/L; P= .01).
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TABLE 2 Object Permanence by Iron Status
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TABLE 3 Neurobehavioral Outcomes by Iron Status, Adjusted for Potential Confounders

Object Infants Assessed at 9 mo, n (%)
Permanence No IDA Total
Anemia
Pass 43 (87.8) 18 (64.3) 61(79.2)
Fail 6(122) 10(35.7)  16(20.8)

X] = 596,P = 02

Neurocoghnitive Outcomes

At 9 to 10 months of age, the infants
with IDA were significantly less likely
to exhibit object permanence (odds ra-
tio: 0.25 [95% confidence interval: 0.08—
0.80]; Table 2). This finding was exam-
ined further in a comparison of the IDA,
NA ID, and IS groups (Fig 1), which
showed a clear dose-response effect of
iron status on object permanence. The
threshold for this effect was between the
IDA and all infants without anemia; only
64.3% of the former passed object per-
manence, compared with 87.8% of the
latter (x4 = 5.96, P = .02). There was
also a suggestive trend for IDA to be as-
sociated with less novelty preference on
the Fagan recognition memory test (Ta-
ble 3). When infants with more marked
IDA (Hb =105 g/L) were compared with
infants who were did not have anemia
(Hb =110 g/L), those with IDA showed
less novelty preference on the FTII
(mean: 56.7 vs 60.3, respectively; t;, =
2.10, P < .09). In posthoc analyses, the
threshold for this effect was between
the infants with IDA and NA ID (mean:

100

Outcome No Anemia IDA F
N Mean N Mean
9 mo
Al
Mean novelty preference, % 49 60.9 28 58.1 —1.802
Processing speed, mean look 49 16 28 16 —0.08
time, ms®
A-not-B
Perseverative errors, %° 49 523 27 48.0 —1.08
Longest delay, s 43 14 18 1.7 0.41
12 mo
FTII
Mean novelty preference, % 37 60.6 23 59.7 —0.59
Processing speed, mean look 37 15 23 16 1.04
time, mse
A-not-B
Perseverative errors, %' 38 456 24 429 —0.54
Longest delay, s¢ 36 2.7 22 3.5 1.07
Highest level of elicited play 34 9.2 22 8.6 —0.79
ap= 08

b Adjusted for Life Events Scale—Mother, level of social services support, anxiety (state), and anxiety (trait).

¢ Adjusted for maternal age.
d Adjusted for infant age at visit and maternal 10Q.

¢ Adjusted for breastfeeding, maternal |Q, maternal education, and level of social services support.

fAdjusted for maternal 1Q.

& Adjusted for Life Events Scale-Mother, level of social services support, and anxiety (state).

56.7 vs 61.3, respectively; Bonferroni
P < .05). There was no difference in
novelty preference between the
group with NA ID and the group with
IS (mean: 61.3 and 60.2, respectively;
Bonferroni P > .20). There was no
difference in processing speed on
the Fagan test or on executive func-
tion or perseverative errors mea-
sures on the A-not-B task. No group
differences were evident on the as-
sessment of complexity of symbolic

80

60 -

40

20

Passed Object Permanence, %

0 -

IDA
2 (1)=7.21, p=0.03

FIGURE 1

NA ID IS

Proportion of children who passed object permanence task by iron status group.
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play or any cognitive measure at 12
to 13 months.

Mediation and Effect Modification
by Socioemotional Behavior

As previously reported, infants in this
sample with IDA had lower BRS orien-
tation/engagement scores than in-
fants without anemia and were rated
as shyer by their mothers.' Addition of
orientation/engagement to the hierar-
chical regression of IDA on object per-
manence decreased the standardized
regression coefficient for IDA by 19.6%
(t=1.89, P < .05, 1-tailed), calculated
as recommended by MacKinnon et al*
(Table 4). Similarly, the inclusion of ori-
entation/engagement when examining
the relation of more marked IDA to Fa-
gan novelty preference resulted in a
decrease in the coefficient for IDA by
24.0% (t = 1.70, P < .05, 1-tailed; Table
4). In contrast, inclusion of shyness
ratings in the regression analyses did
not alter the relation of IDA to novelty
preference (t = 0.48, nonsignificant)
and only slightly reduced the relation
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TABLE 4 Potential Mediating Effects of Socioemotional Measures in the Relation of IDA to Object

Permanence and Novelty Preference

Parameter IDA to Object IDA to Novelty
Permanence Preference
r Bi B, r Bs
EAS
IDA 0.292 .26 242 0.242 24¢
Shyness —0.13 —.12 —.06 0.04 .09
BRS
IDA 0.312 282 242 0.252 .19¢
Orientation/engagement 0.27° 243 .20¢ 0.302 24¢

Pvalues are 1-tailed. 3, indicates coefficient in regression model including infant age at 9-month visit; 3,, coefficient from the last
step of the regression model including infant age at 9-month visit; 35, coefficient from the last step of the regression model
including IDA and the given socioemotional variable; EAS, Emotionality, Activity, and Sociability Temperament Survey.

ap= .05
bp=01.
°cpP=10.

TABLE 5 Comparing the Effects of IDA on Object Permanence and Novelty Preference Between
Upper and Lower 50% Groups for Each Socioemotional Measure

Socioemotional Measure?

Object Permanence

Novelty Preference

Lower 50% Upper 50% Lower 50%  Upper 50%
N r B N r B N R N r
EAS
Emotionality 41 048> 47> 34 0.10 03 37 042> 31 018
Activity 37 026 26 38 0.35¢ 35¢ 35 020 33 0.39¢
Sociability 37 039 36° 38 0.10 .05 34 039 34 000
Shyness 40 060¢ .58¢ 35 —0.02 —.05 36 038 32 028
BRS
Orientation/engagement 39 043>  37¢ 37 0.09 .09 35 038 35 0.15
Emotional regulation 37 045>  40° 39 0.08 07 32 025 36 0.38°

EAS indicates Emotionality, Activity, and Sociability Temperament Survey.

a B, controls for infant age at 9-month visit.
bp= 01,

cpP= 05.

dp <001,

of IDA to object permanence (t = 1.00,
nonsignificant). Thus, orientation/en-
gagement seems to partially mediate
the effects of IDA on both object perma-
nence and novelty preference. The ef-
fects of IDA on object permanence and
novelty preference (Table 5) were seen
mainly in infants who scored below the
median on measures of emotionality,
sociability, shyness, and orientation
and those who scored above the me-
dian on activity.

DISCUSSION

We previously reported a develop-
mental delay in infants with IDA from
this sample in attention, stimulus en-
coding, and memory updating by us-
ing ERP assessments.® One aim of

e432 CARTER et al

this study was to determine whether
these effects were evident across a
range of cognitive tasks or seem to
be specific to memory processing.
Five aspects of cognitive processing
were assessed on relatively narrow-
band infant tests: recognition mem-
ory, processing speed, object perma-
nence, A-not B, and symbolic play.
Among these, IDA affected 2 mea-
sures that relate most directly to
memory encoding and retrieval: ob-
ject permanence and recognition
memory. The effect on recognition
memory was evident only in the sub-
group of infants who had IDA and had
Hb =105 g/L. These findings are
consistent with the attention and

memory effects seen in the ERP as-
sessments. Moreover, maternal char-
acteristics were unrelated to object
permanence or novelty preference, in-
dicating that these findings did not re-
flect sociodemographic differences.

Giventhat the IDA effects on object per-
manence and novelty preference were
no longer evident at 12 to 13 months,
the results reported here indicate ei-
ther a developmental delay or im-
provement as a result of initiation of
iron supplementation at 9 to 10
months. The relatively small numbers
of infants in each group make it diffi-
cult to choose between these interpre-
tations. We were unable to supervise
iron administration, and response to
iron could not be determined for in-
fants who did not come for a repeat
blood test. The degree of IDA in this
population was relatively mild and
duration probably quite short, be-
cause infants generally received iron-
fortified formula. More pervasive defi-
cits might well be evident with more
severe and/or prolonged IDA.

IDA is associated with fatigue and de-
creased attention, play, and motiva-
tion*%; similar decreases in activity and
more submissive behavior and inter-
action have been noted in animal stud-
ies.#34 Qur mediation analyses sug-
gest that the effects of IDA on both
object permanence and recognition
memory are attributable, in part, to
the poorer orientation/engagement
that is associated with IDA. Thus, these
cognitive deficits seem to be attribut-
able, in part, to the reduced ability of
the infant with IDA to engage actively
with the environment. Moreover, the
effects of IDA on cognitive function
were seen most clearly in the infants
who scored more poorly on measures
of socioemotional function and orien-
tation/engagement, suggesting that
these socioemotional and attentional
deficits can increase the infant’s vulner-
ability to the cognitive effects of IDA.
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In the primary care setting, screening
for IDA often occurs at 9 to 12 months;
however, our findings suggest that
cognitive (and socioemotional) deficits
may be apparent even earlier. Further-
more, the linear effects of iron status
on object permanence raise concern
about infants who have NA ID and may
thus be missed by standard Hb screen-
ing. This pattern was even more pro-
nounced for socioemotional behavior,
leading us to speculate that the socio-
emotional domain might be particu-
larly sensitive to ID, at least in infants
similar in age to those in our sample
and/or with relatively mild ID.

CONCLUSIONS

Our findings provide evidence of spe-
cific deficits in cognitive processing
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