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ABSTRACT: Objective: This study was conducted to compare quality of mother-infant interaction during feed-
ing in infants with or without iron-deficiency anemia (IDA). Method: Infants and caregivers were screened at
their 9- to 10-month-old health maintenance visits at an inner-city clinic in Detroit. Those who were full-term
and healthy received a venipuncture blood sample to assess iron status. Of the 77 infants who met final iron
status criteria, 68 infants and mothers were videotaped during feeding interaction at the Child Development
Research Laboratory. The quality of mother-infant interaction during feeding was scored on the Nursing Child
Assessment Feeding Scale. Twenty-five infants with IDA (hemoglobin [HB] <110 g/L and at least 2 abnormal
iron measures) were compared to 43 nonanemic infants (HB >110 g/L) using analysis of variance and general
linear models with covariate control. Results: Mothers of IDA infants responded with significantly less sensi-
tivity to infant cues and less cognitive and social-emotional growth fostering behavior than mothers of
nonanemic infants. The pattern of results was similar for scales of contingent behaviors. The magnitude of the
differences in maternal ratings was large (0.8–1.0 SD after covariate adjustment). IDA infants were rated
significantly lower on clarity of cues and overall (effect sizes 0.5 SD). Conclusion: IDA in infancy was associated
with less optimal mother-infant interaction during feeding. Future interventions might target feeding inter-
action and consider effects on infant iron status and developmental/behavioral outcomes among IDA infants,
as well as infant feeding practices per se.

(J Dev Behav Pediatr 31:326 –332, 2010) Index terms: iron-deficiency anemia, mother-infant interaction, NCAFS, feeding.

Iron-deficiency anemia (IDA) in infancy is associated
with poorer cognitive, motor, and social-emotional de-
velopment and altered neuromaturation, with poorer
short- and long-term outcomes despite iron therapy.1

Animal models and randomized clinical trials of iron
supplementation point to a causal relation between lack
of iron and altered brain and behavioral development.1

Lozoff et al2 presented an integrative conceptual model
of several biological and environmental mechanisms by
which early IDA might produce these alterations in infant
behavior (Fig. 1). In addition to the effects of iron defi-
ciency on brain and behavior, the model considered envi-
ronmental disadvantage to be another important factor.
Environmental disadvantage may contribute to (a) less fa-

cilitative parenting and limited support for child develop-
ment and (b) poorer feeding practices and greater risk for
low nutritional status and IDA.

In previous studies focused on IDA and infant develop-
ment, indirect measures of compromised parenting gener-
ally relate to maternal/family characteristics such as lower
IQ, higher depressive symptoms, and low socioeconomic
status. The few available studies of maternal caring behav-
ior suggest less developmentally facilitative behavior in
mothers of children with IDA in infancy. For instance, they
showed less obvious pleasure in the child, less affection,
less eye contact, and they tried less often to get their child
to perform tasks on developmental tests.2,3

This study evaluated mother-infant interaction during
feeding. To the best of our knowledge, feeding has not
previously been examined in iron deficiency studies. We
were especially interested in feeding interaction not only
as a social-emotional indicator but also due to its impor-
tance for infant food intake, nutritional status, and phys-
ical growth.4 We predicted that IDA in infancy would be
associated with less optimal maternal and infant interac-
tion and behavior during feeding.

METHODS
Participants

Infants and caregivers were recruited for the study
during a routine 9-mo visit to the Children’s Hospital of
Michigan, which serves an economically stressed, inner-
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city community in Detroit. The study was approved by
the Wayne State University and University of Michigan
Institutional Review Boards. Signed informed consent
from caregivers was obtained for the screening phase
and again for the neurobehavioral study.

Details of the study design have been published previ-
ously.5–7 In brief, screening was based on a 10-minute
questionnaire and a routine venous blood sample with
extra blood (�5 ml total) for additional iron assays for
infants qualified by history. A total of 881 infants were
screened between April 2002 and August 2005. Because
African-Americans comprised �90% of the clinic popula-
tion, recruitment was restricted to those infants. Participa-
tion in the neurobehavioral study was further restricted to
healthy, full-term singleton infants, born to mothers �17
yr, with birth weight �5th percentile, without perinatal
complications, emergency C-section, maternal diabetes in
pregnancy, heavy alcohol use, or other incapacitating con-
dition, who were not in foster care, with no chronic health
problem or hospitalization more than once or for �5 days.
Those who also met initial hematologic criteria (discussed
below) and had lead concentration �10 �g/dl were con-
sidered for the neurobehavioral study. The mothers or
primary caregivers of 242 potentially qualifying infants
were invited to participate; 31% declined, 20% could not be
enrolled due to repeated missed appointments, and 2% did
not meet entrance criteria on further review. Of 113 infants
with neurodevelopmental testing, 77 met final iron status
criteria.

Measures and Procedures
Iron Status Assessment
Initial venous blood tests included a complete blood

count, lead, and zinc protoporphyrin/heme ratio, per-
formed at the Detroit Medical Center. Remaining blood
was separated and sent frozen to the laboratory of the
late John Beard, Pennsylvania State University, for deter-

mination of serum iron, total iron binding capacity, trans-
ferrin saturation, ferritin, transferrin receptor (TfR), and
markers of inflammation. Details of assay techniques and
quality control have previously been reported.8 By using
cutoffs from NHANES II,9 NHANES III,10 and Centers for
Disease Control and Prevention publications,11,12 we de-
fined iron deficiency anemia as hemoglobin [HB] �110
g/L and at least 2 abnormalities among mean corpuscular
volume [MCV] �74 fl,12 red cell distribution width
[RDW] �14.0%,11 zinc protoporphyrin/heme ratio �69
�mol/mol heme (corresponding to free erythrocyte pro-
toporphyrin �80 �g/dl9), transferrin saturation �12%,9

and ferritin �12 �g/L.10,11 Nonanemic was defined as HB
�110 g/L. We had also hoped to examine maternal iron
status in relation to maternal behavior, but this was not
feasible due to missing data for two-thirds of the mothers.

Feeding Observation
The neurobehavioral study entailed infant assessments

and interviews with primary caregivers at 9 to 10 mo and
again at 12 to 13 mo at the Child Development Research
Laboratory, Department of Psychiatry and Behavioral Neu-
rosciences, Wayne State University. The assessment battery
typically lasted until early afternoon. For lunch, the re-
search staff provided mothers a meal from a local fast food
restaurant, paid for by the research project. We preferred
not to offer fast food for the infants, but most mothers
asked us to do so, explaining that their baby was familiar
with this food. Mothers could also use baby food from
home or provided by the project.

At the lunch break, mothers were asked to feed their
infants as they normally would. Mother and infant stayed
alone in a testing room and were videotaped during
feeding. Most mothers ate their own lunch while feeding
the baby. All mothers fed their infants solid food. The
feeding interaction observation concluded either when
the mother said the infant had finished eating, no more
food was available, or 20 to 30 minutes had elapsed, at
which time 1 of the research staff (voice piped into the
room) asked the mother if they were done. After lunch,
when most infants napped, mothers were interviewed
about infant health and family background.

Feeding was not recorded for 2 of the 77 infants and
could not be coded for 7 others due to technical prob-
lems, such as no sound or siblings in the room. Thus, the
final sample for analysis consisted of 68 infants (25
iron-deficiency anemia and 43 nonanemic) and their
mothers. Of these 68 dyads, 2 used baby food exclu-
sively, 5 offered both baby food and fast food, and the
rest offered fast food exclusively for the infant’s meal.

Assessment of Mother-Infant Interaction
During Feeding

The quality of the mother-infant interaction during the
videotaped feeding session was scored using the Nursing
Child Assessment Feeding Scale (NCAFS).13 The NCAFS is
an observational measure with established normative data.
It has good evidence of total and subscale internal consis-
tency and test-retest reliability as well as construct, concur-
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Figure 1. Conceptual model of effects of early iron deficiency. Modified
with permission from Child Dev. 1998;69:24 –36.
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rent, and predictive validity.13 The assessment was con-
ducted by a psychologist (RA-S) who was certified in
NCAFS administration and scoring (i.e., met criterion of at
least 85% reliability for each scale on a series of standard-
ized case studies). Before coding study videotapes, R.A.-S.
established interrater reliability with co-author M.K.-E. (also
NCAFS certified) of 90%, which is similar to the percentage
of agreement reported by others.14

The NCAFS contains 76 binary items that are scored
as presence or absence of behavior. Scoring of each item
is simply “YES” or “NO.” The 76 items are organized into
6 conceptually derived subscales. The 4 caregiver sub-
scales include sensitivity to infant cues (16 items), re-
sponse to infant distress (11 items), social-emotional
growth fostering (14 items), and cognitive growth fos-
tering (9 items). The two infant subscales are clarity of
cues (15 items) and responsiveness to caregiver (11
items). Subscales scores reflect the sum of items scored
“YES.” Each subscale score can range from 0, indicating
that none of the item behaviors was observed, to the
total number of items in the subscale, indicating that all
item behaviors were observed in the interaction. Higher
scores indicate more positive behavioral capacities. The
total caregiver score (sum of 4 subscale scores) can
range from 0 to 50, and the total infant score (sum of 2
subscale scores) can range from 0 to 26. The sum of the
2 scores yields a dyadic score with a maximum of 76.
Sumner and Spietz13 reported moderate internal consis-
tency (� � 0.56–0.69) for parent- and infant-specific
subscales (higher coefficients for parent scores) and
good internal consistency for the total scores (total par-
ent score � � 0.83, total infant score � � 0.73, and
combined parent-infant score � � 0.86). We also found
that internal consistency was moderate for specific sub-
scales (range � 0.52–0.79) and good for the total scores
(0.84, 0.71, and 0.88, respectively).

In addition, 18 of the 76 items relate to parent and
infant contingent interaction. Caregiver contingent be-
havior items are organized into 4 subscales: sensitivity to
cues (6 of the 16 items), response to infant distress (6 of
the 11 items), social-emotional growth fostering (1 of the
14 items), and cognitive growth fostering (2 of the 9
items). An infant contingent score is derived from the
responsiveness to caregiver subscale (3 of the 11 items).
Scores for each contingency subscale can range from 0
to the total number of items in the subscale. The 4
caregiver subscale scores combine to create a total par-
ent contingency score with a possible maximum score of
15. The sum of the parent and infant contingency scores
yields a dyadic contingency score with a maximum of
18. Sumner and Spietz13 reported good internal consis-
tency reliability for the parent contingency score (� �
0.73) but very low for the infant contingency score (� �
0.19). Similar Cronbach’s alphas were found in this study
(0.74 and 0.20, respectively).

Sensitivity to cues includes such items as “caregiver
only offered food when child is attending” or “caregiver
varies the intensity of verbal stimulation during feeding.”

The response to infant’s distress subscale indicates the
caregiver’s recognition and appropriate action to allevi-
ate child’s distress. The social-emotional growth foster-
ing subscale identifies parental behaviors that convey
positive emotional signals and reinforcement of child
behaviors, and the cognitive growth fostering subscale
notes behaviors providing stimulation appropriate to the
infant’s level of understanding. Of the two child sub-
scales, clarity of cues rates whether an infant’s cues are
“easy” or “difficult” for a caregiver to understand, such
as “child signals readiness to eat.” The responsiveness to
caregiver subscale rates child behaviors in response to
caregiver cues, for example, “child responds to games,
social play or social cues of caregiver during feeding.”
The contingency subscales focus on responsiveness of
parent and/or infant to specific behaviors of one an-
other, e.g., “caregiver smiles, verbalizes or touches child
within 5 sec of child smiling or vocalizing at caregiver.”13

Although the study design called for infants to be reas-
sessed after 3 mo of iron therapy (at 12 to 13 mo), our
analysis focuses on feeding behavior at 9 to 10 mo for 2
reasons. The ceiling of the NCAFS is 12 mo, and it is not
clear how well the scales apply when infants start feeding
themselves, as is developmentally appropriate at 12 to 13
mo. In addition, there was considerable uncertainty about
whether infants received iron. We could not use hemato-
logic response to iron to confirm iron intake, because 46%
of infants did not come for a repeat blood test at 12 mo.

Background Characteristics
Infant Measures
Infant birth outcomes were taken from the hospital

records. Infant growth, including weight and height,
were measured during the visit to the Child Develop-
ment Research Laboratory, and weight for-height,
weight-for-age, and height-for-age z-scores were deter-
mined. Infant health and breast feeding information
were obtained from a maternal questionnaire during the
visit at the Child Development Research Laboratory.

Maternal Demographic and Health Data
Maternal demographic and health data, including mater-

nal age, marital status, education, occupation, alcohol and
drug use, prenatal care, and health were obtained from
either the screening questionnaire or maternal interview. A
socioeconomic status index was computed on the Holling-
shead scale,15 separately for the primary caregiver and
partner based on their educational attainment and occupa-
tional status, which was averaged together if both were
employed; if not, socioeconomic status was based on the
educational attainment and occupational status of the head
of household. The continuous Hollingshead socioeco-
nomic status measure ranges from 8 to 66.

Maternal Questionnaires
Beck Depression Inventory16

The Beck Depression Inventory is a 21-item, self-
report instrument completed by the mother to assess
depressive symptoms in the previous week. Items are
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rated on a 4-point scale and summed to a total score
(score range, 0–63). Extensive data support its internal
consistency and content validity.16,17

State-Trait Anxiety Scale18

The State-Trait Anxiety Scale is a 40-items self-re-
ported scale for assessing state (20 items) and trait (20
items) anxiety. Items are rated on a four-point scale (1 �
not at all, and 4 � very much so), and summed into 2
total scores (score range, 20–80). Detailed information
regarding reliability and validity for State-Trait Anxiety
Scale is reported in the Test Manual.18

Social Support
The quality of social support was assessed in an inter-

view adapted from Crnic et al.19 Mothers respond to a
series of questions in which they rated the availability
and satisfaction of various sources of support (e.g., inti-
mate, friendship and community). The satisfaction ques-
tions (20 items) were rated on a 4-point scale (1 � not at
all, and 4 � very much so) to provide a total satisfaction
score.

Home Observation for Measurement of the
Environment Revised20

The Home Observation for Measurement of the Envi-
ronment (HOME) Inventory is a semi-structured inter-
view designed to assess the quality and quantity of stim-
ulation and support available to a child in the home
environment. At the 12-mo assessment, the Infant/Tod-
dler HOME was administered using a script developed by
1 of the authors (SJ) for administration of the HOME in
the laboratory. The Infant/Toddler HOME is composed
of 45 items clustered into 6 subscales: (1) Emotional and
Verbal Responsivity, (2) Avoidance of Restriction and
Punishment, (3) Organization of the Environment, (4)
Provision of Appropriate Play Material, (5) Maternal In-
volvement with the Child, and (6) Opportunities for
Variety in Daily stimulation. All items are rated as being
present (scored “YES”) or absent (scored “NO”). A total
score reflects the sum of items scored “YES” (range,
0–45). The HOME validity for use with black samples
has been established.21 Mean interobserver reliability in
the Child Development Research Laboratory (Wayne
State University) was 95% (range, 88–100%).

Life Events Scale22

The Life Events Scale is a 43-item questionnaire which
was administered to measure negative life events expe-
rienced in the last year. If an event occurred, the mother
rated how stressful she found each event on a 7-point
Likert scale (0 � not at all, and 6 � highly stressful),
which yields a summary score. This measure has dem-
onstrated good reliability and validity and is related to
measures of stress and depression.22

Statistical Analysis
Data analysis used SAS version 9.1.3.23 Infant iron

groups (iron-deficiency anemia vs nonanemic) were
compared on background characteristics and iron status.
All comparisons were made using t tests for continuous

variables and chi-square analyses for categorical vari-
ables. Separate univariate analyses were used for each of
the 6 NCAFS subscales, 2 total scales, and contingency
scales. General linear model (GLM) analysis was used to
assess the effects of infant iron group controlling for
covariates.

To evaluate potential covariates, Pearson correlations
were used to assess the relation of NCAFS subscales and
total scores to background characteristics variables. Po-
tentially confounding variables were considered in the
initial models if they were even weakly related to NCAFS
outcomes (p � .10). Covariates that remained at p � .10
in the final models were retained. Unadjusted means and
standard deviations are presented in the text; adjusted
means and standard errors are shown in the figures.

RESULTS
Background Characteristics and Iron Status

Background characteristics are presented in Table 1.
There were no statistically significant group differences
in background characteristics, except that the iron defi-
ciency anemia (IDA) group had somewhat poorer
growth. The proportion breast feeding and the duration
of breast feeding were similar. Only 4 infants (2 IDA and
2 nonanemic) were still breast feeding at the time of the
initial evaluation (9–10 mo). All infants routinely ate
solid foods and juices. Almost all took formula; breast
milk was the sole source of milk for only 1 infant. Iron
status differed across groups by definition (Table 2).

Feeding Interaction Outcomes
Parent Subscales and Total Scores
There was a significant iron group effect for maternal

sensitivity to infant cues. Mothers of IDA infants re-
sponded with less sensitivity to infant cues compared to
mothers of nonanemic infants (mean [SD] � 9.7 [2.2]
IDA vs 11.3 [1.9] nonanemic; p � .01). Maternal social-
emotional growth fostering and cognitive growth foster-
ing also showed significant iron group effects. In the IDA
group, mothers responded with less social-emotional
growth fostering (mean [SD] � 9.4 [2.8] IDA vs 11.7
[1.9] nonanemic; p � .01) and less cognitive growth
fostering (mean [SD] � 5.4 [2.2] IDA vs 6.8 [1.8] non-
anemic; p � .01). Maternal response to the infant’s
distress did not differ by iron group (mean [SD] � 7.8
[2.3] IDA vs 7.9 [2.0] nonanemic). GLM analyses showed
similar results. Adjusted means, standard errors, and p-
values of each parent subscale by infant iron group are
presented in Figure 2. Maternal anxiety was a significant
covariate for social-emotional growth fostering and cog-
nitive growth fostering. The total parent score was sig-
nificantly lower in the IDA group than the nonanemic
group (mean [SD] � 32.3 [6.7] IDA vs 37.7 [5.3] non-
anemic; p � .01). Controlling for infant age, GLM re-
vealed similar results (Cohen’s d � 0.8; p � .01).

Parent contingency subscales showed a similar pat-
tern. The IDA group received lower maternal contin-
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gency scores compared to the nonanemic group in ma-
ternal sensitivity to infant cues (mean [SD] � 2.4 [1.1]
IDA vs 3.5 [1.3] nonanemic; p � .01), maternal social-
emotional growth fostering (mean [SD] � 0.6 [0.5] IDA
vs 0.9 [0.4] nonanemic; p � .01), and maternal cognitive
growth fostering (mean [SD] � 0.8 [0.9] IDA vs 1.4 [0.8]
nonanemic; p � .01). GLM analyses showed similar re-
sults (p � .05). Adjusted means, standard errors, and
p-values of each parent contingency subscale by infant
iron group are presented in Figure 3. Significant co-
variates were gestational age for maternal sensitivity
to infant cues and maternal anxiety for cognitive
growth fostering. The total parent contingency score
was lower in the IDA group than the nonanemic group
(mean [SD] � 7.4 [3.1] IDA vs 9.2 [2.8] nonanemic;

p � .05). GLM analysis revealed similar results (Co-
hen’s d � 0.6; p � .01).

Infant Subscales and Total Scores
IDA infants exhibited less clarity of cues (mean [SD] �

9.8 [2.0] IDA vs 11.2 [2.0] nonanemic; p � .01). Con-
trolling for infant age and gestational age, GLM analyses
showed similar results (p � .04). No group differences
were found in infant responsiveness to caregiver (mean
[SD] � 6.9 [2.5] IDA vs 7.7 [1.5] nonanemic; p � .10).
Adjusted means, standard errors, and p-values of each
infant subscale by infant iron group are presented in
Figure 4. The infant total score was lower in the IDA
group than the nonanemic group (mean [SD] � 16.7
[4.1] IDA vs 18.9 [3.0] nonanemic; p � .01). Infant birth
weight, gestational age, age, and socio-economic status

Table 2. Iron Status of Study Groups

IDA (N � 25)a Nonanemic (N � 43) Cutoff

Hemoglobin, g/Lb 102.2 � 5.2 120.6 � 5.4 �110 g/L

Mean corpuscular volume, flb 71.8 � 4.7 75.6 � 4.4 �74 fl

Zinc protoporphyrin/heme ratio, �mol/mol hemeb 115.3 � 37.1 85.0 � 45.7 �69 �mol/mol heme

Red cell distribution width, %b 14.8 � 1.5 13.7 � 1.1 �14.0%

Ferritin, �g/L 30.3 � 24.5 30.8 � 25.4 �12 �g/L

Transferrin saturation, %c 8.2 � 5.8 5.5 � 2.7 �12%

Lead, �g/dl 2.3 � 1.5 2.5 � 2.1 �10 �g/dl

IDA, iron-deficiency anemia. aN varies slightly due to occasional missing data for some measures. bIDA significantly different from nonanemic at p � .01. cIDA dif-
ferent from nonanemic at p � .10. Values are means � SD and the cutoffs used to indicate abnormality.

Table 1. Background Characteristics by Iron Status Group

IDA (N � 25)a Nonanemic (N � 43) p

Infant

Gender, % male (n) 48.0 (12) 55.8 (24) 0.53

Birth weight, kg 3.27 � 0.31 3.27 � 0.36 0.98

Gestational age, wk 39.6 � 0.76 39.9 � 1.2 0.26

Age at 9-mo visit, mo 9.6 � 0.5 9.8 � 0.3 0.14

Weight-for-height, z-score 0.2 � 0.9 0.9 � 1.3 0.01

Weight-for-age, z-score �0.6 � 0.9 0.1 � 1.3 0.02

Height-for-age, z-score �0.5 � 0.9 �0.4 � 1.2 0.81

Breast-fed, % yes (n) 36.0 (9) 46.5 (20) 0.40

Duration if breast-fed, wk 21.7 � 14.9 18.5 � 14.2 0.58

Mother and family

Mother married, % (n) 4.0 (1) 11.6 (5) 0.40

Maternal age, yr 24.6 � 5.7 24.5 � 5.8 0.97

Socioeconomic status 27.4 � 9 28.6 � 7.8 0.58

Beck Depression Inventory 6.1 � 5.1 6.3 � 4.9 0.84

Maternal anxiety (trait) 32.9 � 9.5 36.3 � 9.4 0.20

Maternal anxiety (state) 30.3 � 10.2 32.2 � 9.1 0.48

Social support 3.5 � 0.3 3.3 � 0.5 0.07

HOME score 32.7 � 5.4 31.4 � 6.2 0.43

Life events scale 6.2 � 4.5 5.4 � 4.2 0.55

IDA, iron-deficiency anemia. aN varies slightly due to occasional missing data for some measures. Values are expressed as means � SD or % (n) for categorical
variables. p-values are based on t tests for continuous variables and chi-square analyses for categorical variables.
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were significant covariates for the infant total score. In
the GLM analyses, results were similar after covariate
control (Cohen’s d � 0.5; p � .05). There was no
difference between IDA and nonanemic groups in the
infant contingency scale.

DISCUSSION
Our results extend previous studies of mother-infant

interaction in iron-deficiency anemia (IDA) samples to feed-
ing. As predicted, IDA in infancy was associated with less
optimal mother-infant interaction during feeding. Com-
pared to mothers of nonanemic infants, mothers of IDA
infants responded with less sensitivity to their infant’s cues
and less cognitive and social-emotional growth fostering,
and IDA infants exhibited less clarity of cues. Our findings
support earlier studies that demonstrate less developmen-
tally supportive maternal caring behavior and social-emo-
tional behaviors for IDA infants.2,3

The observed maternal interactive behavior during
feeding in the IDA group supports the conceptual model
suggested by Lozoff et al (Fig. 1).2 Lower maternal sen-
sitivity to infant cues during feeding might contribute to
poorer feeding practices and infant IDA. Poorer feeding
practices might also contribute to poorer growth of IDA
infants in our study. In addition, lower scores in maternal

cognitive and social-emotional growth fostering may be
an indicator of less optimal parenting, a fundamental
factor in the conceptual model of IDA effects. These
differences were observed despite a lack of group differ-
ences in maternal sociodemographics and socioemo-
tional function in this sample.

Social-emotional differences are commonly reported in
studies of IDA in infancy (reviewed in Refs. 24–26). We
previously reported that IDA infants in the same sample
were shyer, less socially engaged, less soothable, and less
positive in affect during structured assessments,6 but differ-
ences in infant behavior seemed less prominent in the
familiar feeding context. This observation supports the
suggestion in previous studies that alterations in infant
behavior are more pronounced when the IDA infant expe-
riences unfamiliar settings and people or other somewhat
stressful circumstances.2,3,6,27,28 Because social-emotional
alterations in IDA infants may contribute to lower maternal
sensitivity and perhaps to poorer feeding practices, the
direction of effects is unknown in our study.

The study is limited by small sample size, inability to
assess response to iron therapy, and lack of information
on maternal iron status. As in any small study, it is crucial
to replicate the findings in larger samples. Our inability
to examine maternal iron status in relation to maternal
behavior is disappointing, because evidence is accumu-
lating that this is an important factor. For instance, in a
prospective, randomized intervention study of maternal
iron status and mother-infant interaction, IDA mothers
were more negative, less responsive, and exhibited more
“negative mothering” characteristics than nonanemic or
iron-treated IDA mothers.29 Thus, it seems that maternal
nutritional status during pregnancy and the early post-
partum period has the potential to influence maternal
and infant behavior. Regarding other limitations of our
study, it is unclear whether the results will generalize
to other populations. Future studies that examine
mother-infant feeding interaction in different popula-
tions are needed in IDA research. Further research is
also needed to understand the effects of iron therapy
on mother-infant interaction during feeding and the
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scores by infant iron status. Values shown are adjusted means � SE.
Maternal anxiety was a significant covariate for social-emotional growth
fostering and cognitive growth fostering. **p � .01.
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Figure 3. Maternal Nursing Child Assessment Feeding Scale (NCAFS)
contingency scores by infant iron status. Values shown are adjusted
means � SE. Significant covariates were gestational age for sensitivity to
cues and maternal anxiety for cognitive growth fostering. *p � .05;
**p � .01.

12

14

es

**

8

10

an
t S

co
r

4

6

M
ea

n 
In

fa

0

2

M

Clarity of Cues Responsiveness to Caregiver

IDA (n=25) Not Anemic (n=43)

Figure 4. Infant Nursing Child Assessment Feeding Scale (NCAFS)
scores by infant iron status. Values shown are adjusted means � SE.
Infant age and gestational age were significant covariates for clarity of
cues. **p � .01.
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relations between maternal iron status and maternal
behavior.

Previous studies have shown the importance of caring
behavior during feeding for infant food intake. Caregiver
affection and responsiveness, warmth and verbal interac-
tion improve infant’s readiness to eat and nutrient intake of
young children.30 We speculate that early interventions
that help mothers to better understand their infants’ cues
or lack thereof can foster more facilitative caring behavior
and might improve feeding practices, infant iron status, and
developmental/behavioral outcome.
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