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Infancy: mental and motor development'? - e '

Tomas Walter

ABSTRACT Ina prospccuvc cohort study of 196 infants from birth to age 15 mo, the : o
relationship of iron status to psychomotor development, the effect of a short-term trial of oral - l'
iron or placebo, and the effect of longer-term oral iron therapy was assessed. Dcvclopmcnt was -
assessed with th@of Infant Development in anemic, nonanemic, iron-deficient,
and control children. Anemic infants had significantly lower indices than did control or non-
anemic, iron-deficient infants. Control infants and nonanemic,. iron-deficient” infants per- -
formed comparably. No difference between the effect of oral administration of iron or placcbo
was noted after. 10 d or 3 mo of iron therapy. A hemoglobin concentration of < 105 g/L and
anemia duration > 3 mo were correlated with significantly lower motor and mental scores,

s . suggesting that when iron deficiency progresses 10 anemia, adverse influences in the perfor- /

\

mance 6f developmental tcsts appear and pcrsxst despite iron therapy.

1989:50:655~66.
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Introduction ) e A

For over a decade, and heralded i)y the pionéering -

work of Oski and Honig, there have been more thana _

dozen studies addressing the cognitive effects of iron de-
ficiency (ID) during infancy. The inherent difficulties of .
identifying intervening variables in the complex field of
mental development, coupled in some cases thh subop--
timal design, have worked against making’ sxgmﬁmnt

headway. However, the two most recent studies, one per- .

formed in Costa Rica by Dr Betsy Lozoff (1) and our own

study in Santiago, Chile, are perhaps the least contami- .

nated with the uncertainties that have precluded firm
conclusions arising from previous work.

These two studies began almost simultaneously in
1982-1983 and arose as the natural evolution of Lozoff’s
prcvious study in Guatemala and our own early study ”

in Chile. The striking similarities in the results of both

protocols gives great strcngth to the conclusions of both *
Lozoff’s and our work. It is remarkable that these simi-
larities were possxble despite the fact that there are impor-

_ tant differences in the study design and that the research
- was carried out by two independent investigators in two

distant regions.

This study was initiated in 1983, performed in concert._ '

with a field trial of fortified irffant foods (2). Briefly, a

cohort of healthy, full-{é¥m infants.from a commumty
clinic in the city of Santiago were included into a food-
fortification study at age 3 mo and followed to age 12 mo
with monthly clinic checkups and weekly house calls by
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a nurse. Complctc anthropometnc, nutritional, morbid-

. ity, and socioeconomic data were collected. Those in-

‘N

fants spontdneously weaned by 3 mo received either an
iron-fortified cow milk or the nonfortified milk normally

" provided at no cost by the clinic. Those infants who were

being breast-fed at 3 mo were assigned to one of two
groups. The first rcccxved a hcme-xron-fomﬁcd cereal in
addition to normal nonmilk foods-and the 'second re-

ceived no,iron fortification. Because ‘the assignment to

‘ fortified food products wqf—yrandom and fortification .
] turnedput cvcntually to be the most potcnt determinant

. four groups, with a 20% attrition during the 9'mo of fol- ..
low-up due mainly-to migration.” At ages 9'and 12 mo*"

- mian subjects, the tests were _begun 7—10 d aftcr the 12- .

of the infant’s iron status, all other mtervcmng factors
were essentially offset by this dcsxgn -
+  Approximately 100 infants were entered in each of the

venipunctures for a full hcmatologxc assessment were
performed At 12 mo parents were invited to participate

in the psychologlc study and, after informéd consent was -
. obtained, in accordance with the pertinént institutional

review committee on ethical standards of research on hu-

mo checkup.
Sincejthe first report 10 y ago (3) it has becomc clear
that ID has adverse effects on mfant psychomotor devcl-

. "V From 'the Unidad Hematolog:a, Instituto de Nutricién y Tecno-_-

logia de los Alimentos, Universidad de Chile, SannAgo
2 Address reprint requests to T Walter, Umdad Hcmatologxa, Insti-

tuto de Nutricion Y Tecnologiade los Ahmcntos, Umvemdad de Chxle,»

Casﬂla 15138, Santiago 11, Chile.
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TABLE 1 » T e o ' TABLE2 : A L .

Qassification criferia of iron status® Subclassification of NAID .. - . oo

Group | Criteria - Grade | All mq’asum normal cxcept for SF < 10 ug/L
- ' - — * (iron depleted) . . ’ .

Anemic, Hb < 110 g/1. and two or more abnormaltochemical Grade.2 - One to four abnormal values but witha .

- " medsures (nonresponder) + therapeutic response Hb < 100 g/, :
Gontrol Hb>t10g/L | ° Grade 3 Zero to four abnormal values and/or a therapeutic
MCV>70(L - _ (respondep) . response Hb> 100g/1.

, Fe/TIBC > 0% v y -
FEP < 1000 ZPP/L - -
SF> 10 ug/L" , - Co
Response (o'iron therapy Hb < 100 g/L- moj; it consists of a mentaland a motor scale. The mental -
Hb > 110 g/L, but one or mor€ abriormal biochemtical  scale measures functions related to the basic foundation

NAID
. . - measures or response to iron therapy Hb > 100 g/L

* MCV, mean corpuscular volume; TIBC, total iron-binding dq_pac-
.~ ity; FEP, erythrocyte protoporphyrin; ZPP, zinc protoporphyrin: SF,
serum ferritin. ’ C \ ‘

h opment (4). In most studies the Bayley’s Scale of Infant
Development (BSID) (5) has been the test used and even

- - though this tool has drawbacks, such as its global nature

and poor IQ predictability (6), to be discussed below, it
is well known, reproducible, reliable, and accepted as a
good measure of behavior in‘infancy. During this stage

the rapid progression of maturational events is appropri-
ately addressed by this test (7). The almost universal use

of this measure allows for useful comparisons, disadvan- -

tages notwithstanding. .
Our aims in this study were to provide answers to the
following questions: '
1) How severe must ID be to affect behavior?
"2) What is the effect of duration of ID? : N
3) What is the effect of short-term iron thérapy (before
correction of anemia)? - . : o
4) What is the reversibility of the changes after a-long

-term trial (enough to revert an¢mia)? - . i
5) What specific areas of mental or motor processes are
most dffected? * S -
6) Is there an association between developmental defi-
cits and behavior patterns? L A

The iron-status assessment at 12 mo permitted a pre-
liminary classification based on hemoglobin (Hb), mean
corpuscular volume (MCYV), and erythrocyte protopor-
phyrin (FEP), which were readily available, and 7-10 d
after this venipuncture the first BSID test was performed,

. Within each preliminary iron-status group, infants were
randomly assigned to FeSO, drops or placebo for 10'd,
when BSID tests were again given. At that point all in-
fants received FeSO, at 3-5 mg-kg™'-d~" in two divided
doses for 75 d, at the end of which BSID tests and iron-.
status assessments were repeated for a third time. All of
the BSID tests were administered by the same psycholo-
gist who was unaware of the iron status of the c{ﬁld and
the therapy assignment, facts also unknown'.to the
mother.

The BSID test is

e

a well-known and accepted tool for

evaluating psychomotor development from ages 3t0 30

(4

for cognition such-as language acquisition and abstract A

thinking. The motor, or psychomotor, scale relates to -

- gross motor abilitiessuch as coordination, body balance, -
‘and walking. Both are age-adjusted to give an index of
mental and psychomotor development (MDI and PDI,

respectively) very much like an IQ, with a meéan-of 100

and a SD of 16. A third scale, the Infant Behavior Record
(IBR), is based on a clinical observation and does not
yield an index. o

The criteria used for classification into- three
groups (anemic; control; and nonanemic, iron deficient
[NAID]) were intended to strictly define anemic and
control subjects with state-of-the-art measures, including
the therapeutic response considered the “gold standard™ .
(Table 1). This methodology excluded the majority of
infants with intermediate iron status, who fell into the
broadly heterogeneous NAID group. The NAID infants .

- were reclassified into grades of severity depending on re- ..

sponse to the therapeutic trial and measures of iron sta-
tus (Table 2). : L Ce .

’Hematologicdata . o

- Complete hematologic evaluation'was performed in
189 infants at age 9 mo (when né BSID tests were done).
and in 196.infants at ages 12 and 15 mo. The final classi-
fication of the infants and mean values for hematologic
measures dc;monst_rgte that because of the stringent cri-
teria for classification, otly 30 control and 39 anemic
subjects were identified (Table 3) whereas 127 infants fell

“TABLE3 : ,
Iron Statusat {2 mo® : .
" Hb Fe/TIBC FEP SFt
L % mg ZPP/L RBC - gL
Anemic : i
(n= 391 10049 6829 1950 + 1030 5.4(3-9.8)
NAID .
(=127 12127 122%07 1080+ 330 11.9 (6-24)
Control _ ’ . .
(n = 30) 127+8° 167463 780+ 130

19.8(12-34)

* X1 SD. See Table | for définitions ;! terms.
t Geometric mean (range of 1 SD). |




TABLE 4

4 - " cohort. We pur;ifscly.cxcludod qonfouhding’ ihbué’ncs
Subclassification of NAID in host and environment by longitudinally following a
Hb Fe/TIBG p— SF1 coho_rt'of inf’gn}s in an gpﬁm‘al state pf health, with the
» exception of iron nutrition, and this iron status was de-
_ L % mg ZPP/L RBC e termj'ned randorhly by fortiﬁed-fooq assignment. The
Grade 1 » o _ - ™ proximity of the scores to the US norm and the symmes
(ondeplaed) 12926 148236 s102)2 756782 Y of the BSID distribution afclikely consequences of
Grade2 o this design, eliminating confounding low performances
. (nonresponder)  123+7  123+0.7 1070 £ 30 15(7.7-27) usually present in disadvantaged populations.
rade 3 - N . ) :
(responder) H7£5 117205 1150 + 38 . 9(4.1-20) ’ /

* X't SD. See Table 1 for definitions of terms.
t Geometric mean (range of 1 SD).

into the NAID group where the criteria were spccéssfui
.in segregating degrees of severity of ID noted in'the pro-

gression of iron-status values (Table 4). . en

-«
EE
Feo

Development scores

. A total of 576 BSID tests were admiinistered and the
results were distributed in a'normal fashion. Mean MD]
was 102 = 9 and mean PDI, 98.1 + 11. There was a sig-
nificant difference between MDI and PDI in the popula-
tion as a whole. Both distributions were, however, sym-
metric (Fig 1). This population is biased by design with
the gelcction of healthy infants from a closely followed

' "8
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[Effect of iron status on developmental scores

It is clear that a decrease in Hb is nmsary to affect

-mental and psychomotor development scores. The per-

formance of the NAID infants as a whole was indistin-
guishable from the control infants’ (Fig 2). None of the
NAID subclassifications was successful in showing

-differences in performance (Fig 3). Even group 3, ie, in-

fants who were nonanemic and responded to the thera-
peutic trial—who could be technically defined as ane-
mic—showed any tendency towards lower scores.

. The MDI-PDI difference is present across all iron-sta-
tus levels. However, this difference between scores is less
pronounced in the control group, where mental and mo-

_ tor performances appear to be better balanced. As ID

e o 6sT

.,

progresses, motor performances are more affected than .

mental indices—as seen by the divergence of these mean

y

T2 MDI
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FIG 1. Histogram of Mental Dcvclc;pmcm Index an.d Psychomotor Dev.clopmcht Index scores on 576 Bayley's ~

of the normal curve to the left with a mode at 96 whereas the mode of the MDI's hatched bars is at 106. The means
- are 98.1 and 102.4, respectively. Both distributions are symmetric with very few performances under or above 2 SD.

» N
. m—— . L

Scale of Infant Development tests measured in 196 infants at ages 12 and 15 mo of age. Open bars (PP*) show a shift -
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FIG 2. Effect of iron status at 12 mo (anemic, nonanemic ID, and
control infants) on Mental Development Index (O) and Psychomotor
Development Index (). Only anemic infants-differ significantly from
the other two iron-status categories for both MDI and PDI.

valués. Explanations for this phenoménon remain con-
jectural, .

Effect of Hb on development scores

A sigmoid distribution is defined when MDI and PDI
are distributed according to Hb level, the most common
indicator of iron status (F ig4). Three groups can be iden-
tified, those with Hb < 105 g/L, with Hb > 110 g/L, and
an intermediate group at 105-109 Hb g/L. All are statis-
tically distinct from each other by pair-wise and ANOVA
comparisons. Thus, in anemic infants, Hb concentration
was correlated with performance, so that infants with
moderate anemia (Hb' 84-104 g/L) had significantly
lower scores than those with mild degrees of anemia (Hb
105-109 g/L). The latter in turn had poorer indices than
infants with Hb > 110 g/L, with no graded improve-
ments seen at higher Hb levels, -

Ifthe effect of ID on behavior is mediated by métabolic '

processes dependent on the presence of iron, it is under-
standable that overt anemia may be necessary to disclose
these effects. Siimes et al (8) showed in airanimal model

fed graded amounts of iron. that tissue-heme proteins

were not affected until saturation of transferrin fell sig-

nificantly. Hb;-as well as tissue cytochrome C and myo-
globin, decreased steadily thereafier, demonstrating that

concomitantly to other tissues. Changes in iron stores
(liver nonheme iron) did not influence Hb level or tissue-
heme iron proteins. In humans the stage known as iron-

)

deficient. erythropoiesis—when iron availability be-

the moment when Hb concentration begins to decrease,

_ ‘presumably along with other tissue iron proteins. How-
ever, the stage of overt anemia is reached later, only when

Hb values fall under 110 g/L for the infants in this study.
Anemia ensues, therefore, after a rather protracted and
severe period of iron lack, ensuring significant depletion
of tissue iron proteins. Milder iron deficit may fall short
of achieving sufficient tissue depletion to bé reflected in
behavior. On the other hand, wé must consider that the
psychologic tests available for this age group may be too

 availability of iron to the erythroid marfow is limited

- comcsa_limi'tin'gfactorfor’:Hbsynthmis—oor,rﬁsﬁOndsto'

»

crude to identify subtle deficits. These ‘considerations -

may help explain the absence of cognitive effect seen in
the nonanemic-responder population (subclassification
of NAID, grade 3), which conceivably corresponds to the
group of infants with limited Hb synthesis, soon to be-
come anemic.

Effect 6f duration of gnemizi='l"'”

For this purpose, we studied the effect of iron status at

age 9 mo on development indices measured at 12 mo.
The indices were distributed according to the Hb at 9
mo, ie, 3. mo before the BSIDJwas performed, and
showed a cutoff at 105 g/L (data ot shown). To further
pursue the effect of duration of anemia, infants who.were
amemicatboth 9 and 12 mo, ie, those whose anemia had

aduration of = 3 mo (n = 19) were compared with those

- children who were anemic at 12 but notat 9 mo, ie, those

whose anemia Was presumed to be present for <3 mo
(n = 16). Of the 39 anemics at 12 mo,only 35 had Hb
determined at 9 mo. . Those infants anemic for > 3 mo
had significantly lower deyelopment indices than those
anemic for < 3 mo (Table 5). Nonanemic infants at age

9 mo fell mostly into the intermediate Hb range of 105-

* 109 g/L at 12 mo, where development indices were less

severely affected. Thus, infants not anemic ‘at 9 mo
tended to have milder anemia at 12 mo; of the 14 infants
in the intermediate Hb group at 12 mo, 10 (71%) were
not anemic at 9 mo. Of the 21 infants who fell below the

I3

intermediate Hb level, only 6 (29%) were not anemic at

9 mo (p < 0.015). It is apparent from these results that °

as anemiais prolonged and, consequently, as it 'incrcascs
in intensity, developmental indices also become more
adversely affected. )

In summary, infants whose anemia had a duration of - _
- >3 mo hadssignificantly inferior scores toanemic infants

whose Hb levels were in thé normal range’'3 mo carlier.
Infants without anemia but with marginal iron status at
9 mo became those who eventually, at 12 mo, fell into

-

76 %
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F1G 3. Effect of iron status at 12 mo, including subclassification of
NAID (grade 3 = nonanemic responder to the therapeutic trial with a
rise of Hb > 10 g/L; grade 2 = nonanemic, nonresponder 1o the thera-
peutic trial; grade | = nonanemic, iron depleted, only serum ferritin
< 10 ng/mL). Neither subclassification of NAID showed ‘differences
from control values. All were significantly better thin anemic subjects,
showing th#only ancmia has a significant effect on performance of
Bayley's Scale of Infant Development. ’

the intermediate group (Hb 105-109 g/L), having ane-
mia of shorter duration and lesser severity, associated
with milder psychomotor derangements. It is reasonable
to assume that if this group of infants (the intermediate
anemic group) were to continue with an ID diet, their
anemia would increase in duration (and severity) and
their psychomotor performance would, hence, deterio-
rate further. Therefore, infants with anemia of longer du-
ration were also more likely to have anemia of greater
severity; these two characteristics of anemia, duration
and severity, could thus not be completely individual-
ized with the current design.

Effect of iron therapy

At 12 mo infants given 10 d of oral FeSO, were com-
pared with those given placebo. Both groups significantly
improved developmental indices in the mental and psy-
chomotor scales to a similar extent, régardless of prior

.
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FIG 4. Effect of Hb concentration at 12 mo on Menta! Development
Index (O) and Psychomotor Development Index (). Hb at 5-¢/L inter-
vals shows a sigmoid distribution of MDI and PDL No differences of
Hb <104 or > 110 g/L are appreciable. The intermediate point at
105-109 g/L is significantly different from the lower and upper levels
(p < 0.05) for both PDI and MDI. . : ’

iron status or therapy with iron or placebo, with average
improvements of 4.4-8.9 points. After 3 mo of therapy,
even though anemia was reversed in all infants and he- .
matologic measures of iron status were completely cor-
rected in 11 of the 39 formerly anemic infants, no sig-
nificant improvement was detected between the scores at

TABLE § )

Effect of duration of anemia: development index scores®

. Duration of anemia
. N G I
U 7 108 Pl <3m0t >3 mo# Hoe1e5 ey
) (n=16) (n=19) p

- Mental developmentindex ~ 99.4%25 94111 <005

Psychomotor development : .

index ’ 93.7+34 860+26

<0.05 |

* Scores are X + SD; p values from Student’s ¢ test of group means.
t+ Hb < 110g/L at 12 mo but = 105 g/L at 9 mo.
$ Hb < 110 g/L at 12 mo but < 105 g/L at 9 mo.

’VW/ ' /‘;"s/\l»wk W = [0; :
i (f Ho-105- 100 %~ ’
han & Lo O {“(L 7 HO_ v
4 .
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TABLE 6 o
Mental-scale items at 12 and 15 mo*
Percent infants
passing
ltem _ Description Anemic Control p
.99 Pushes car along 56 . 77 NS
101, Jabbers expressively 92 93 NS
102 Uncovers blue box 31 47 NS
103 Turns book pages 69 83 NS
104 Pats whistle-doil (in
' imitation) 4 63 NS
106  Imitates words o
R (mama, dada)
Ati2mo 113 47 <0.01
At 15 mo 75 100 <0.07
13 Says two words
(with meaning)
Atl2mo 0 7 NS
At15mo 42 93 <0.005
117 Shows own shoes,
toys, clothing .
At 12 mo 4] 18 NS
At!5mo 25 ° .60 <0.07

* Analyzed by chi-square test of absolute numbers.

12and 15 mo. The control and the NAID infants showed
no significant change in their MDI or PDI. Neither
paired ¢t comparison within groups (highest p = 0.18 for
+ control infants) nor ANOVA of the differences of scores
between groups showed significant changes from the
" baseline BSID scores.

Short-term therapy, before reversing the anemia, was
aimed at correcting immediately the availability of iron
to processes of neurotransmitter metabolism that are hy-
pothesized to mediate the behavioral derangements seen
during ID (9). In our previous study (10) we found sig-
nificant improvement after 10 d of oral iron in the ane-
mic infants whereas no difference was noted in the non-
anemic infants. However, doubts were raised about the
interpretation of the results that did not include placebo-

treated infants because neither regression to the mean .

nor “ceiling” effects could be excluded. In the double-
blind study protocol presented here, the increase of
scores in iron-treated anemic infants was not signifi-

cantly greater than that found in placebo-treated anemic -

infants. The same.was true for the other iron-status
groups. These findings stress the importance of appropri-
ate controls and show that the plausible explanation for
these changes is a practice effect. '

After 3 mo of iron treatment many infants had com-
pletely corrected their hematologic status and all had im-
proved it markedly; recouperating from anemia. This
stage represents tissue replenishment of iron and ensures
renewal of those iron enzymes that have turnover times
similar orshorter than the Hb turnover time. If these tis-
sue iron proteins were responsible for developmental-

test performance,’ anemic infants should have ap- .
proached the scores of their iron-replete peers. Because
this did not occur it is probable that other reactions not
directly dependent on iron availability are responsible. -
far the derangements seen, that those irpn-scnsiﬁv; be-
havioral processes may require a longer period of time
for their correction, or that they are in fact irreversibly -
damaged. T '

Specific patterns of 'fail.ure

-We examined the specific tést items involved in-the
raw score that, when normalized for age, yield the devel-
opment index. The MDI scores were encompassedrepre-
sentatively by items 99-117 and the corresponding PDI
items were 40-52. Examining the mental scale, the items
that required comprehension of language but did not in-
volve a visual demonstration were passed by significantly

fewer anemic infants than control infants. On the BSID,

language development at 12 mo is best marked by-item
106, “vocalization of bi-syllabic words.” an item that
showed marked differences between anemic and control
infants (p < 0.01). The following language item, 113,
“says two words (meaningfully),” was passed by too few
infants at 12 mo to be interpretable; however, at 15 .mo
it became significant (p,= 0.005). At this ape item | 17,
“shows shoes or other clothing or own toy,” also became
suggestive (p < 0.07). Item 106 continued to show a ten-
dency (p < 0.07), partly because at 15 mo most infants
passed the item (Table 6). S

In the psychomotor milestones 40-52, it appeared that
those items relating to balance in the standing position

-and body control (sits from standing, stands alone; and

- walks alone) were credited by significantly fewer anemic

than control infants. Differences for items 47, “stands up
from sitting,” and 52, “stands on left foot: with help,”
were not identified at 12 mo but became significantat 15
mo (p < 0.05) (Table 7). e .

TABLE7 . . .
Motor-scale items at 12 and 15 mo*
Percentinfants
ing
Item Description Anemic  Control p
42 Walks with help - - 85 97 NS :
43 Sits from standing 67 97 <001
44 Plays pat-a-cake 82 - 97 4 NS
45  Standsalone 64 93 <0.02
46 Walks alone 38 T67 - <0.05
47 Stands up from sitting -
At12mo 3 7 NS
Atl5Smo 42 80 <0.05
52 Stands on left foot with help '
At12mo _ 0 10 . Ns
CAt15mo 8 40 <0.05

* Analyzed by chi-square test of absolute numbers.
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Effect of iron status on the infant beh’aviorfééord
. Ofthe 24'items evaluated by the IBR at 12 mo, 9 were

rated signiﬁcant]g better by control infants compared ~

with their anemi¢ peers, as shown on responsiveness to
the examiner (p < 0.03), responsiveness to the mother.
(p < 0.0005), general emotional tone (p < 0.04), goal-
directedness (p < 0.0005), attention span (p < 0.00]),
activity (p < 0.001); as well as responsiveness to persons
(p<0.001), to vocalizations (p <0.05), and to body mo- .
tion (p < 0.002). - St
' Further analysis of the IBR was performed, associating
behavior items related to test affect and task orientation
as suggested by Matheny (11). The test-affect combina-
tion rated significantly better in the control vs anémic
groups (p < 0.04). Those anemic infants with abnormal
test affect (14/39) commonly had more scores under the
mean for MDI (p < 0.04).-and PDI (p < 0.04) whereas
control infants showed no differences, probably because
very few (3/30) presented an abnormal-affect behavior
‘pattern. Abnormal task orientation in the anemic chil-
dren (12/39) was markedly associated with MDIs under’
the mean (p < 0.01); however, only marginal tendency
~was seen for lower PDIs (p = 0.09). Control infants
showed nonsignificant associations because only 4 of 30
ranked inappropriate task orientation, .

These IBR findings expand our previous experience
(10) and those of other investigators (1, 4). There were
no appreciable changes of the IBR after therapy, which
«correlates with the lack of change in development-index
scores. This fact lends support to the hypothesis that the \
unfavorable behavior pattern of these infants may be a |
mediator of the poorer BSID-test performance. If this ﬂ
contention were true, it should probably have affected
individual items in a random fashion. However, in this
study item performance failures had a very'consistent
pattern, with preferences for language in the mental
items and body ‘balance-coordination in motor skills. .
The reason for this selective effect remains obscure.
Moreover, these findings coincide quite closely with re-
sults from recent research in Costa Rica (12) presented

Comments
Frank Oski!

In this prospective cohort study of 196 infants studied
from birth to age 15 mo the authors conclude that when
ID progresses to anemia—biit not before—it produces
adverse effects on both mental and motor performance
of infants as measured by the Mental and Psychomotor
Indices of the Bayley Scales. The Infant Behavior Record
is also adversely affected by the presence of ID anemia

(IDA). Oral iron therapy given for 3 mo failed to reverse

' From the Children's Medical and Surgical Center, Johns Hopkins
University, Baltimore. ' )

design, show similar, sclective failure patterns. This
agreement is reassuring in that it ratifies our findings but
worrisome because they also fail to show consistent im- -
provement afier short- of long-term jron therapy. - _
The consistency of these findings, corroborated by

' Lozoffs study in Costa Rica (1), warrants further investi-

gation of possible persistence of adverse psychologic
cffects beyond infancy and, ultimately, of the underlying |
processes mediating these derangements. A
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the changes in Bayley scores despite the fact that anemia
had been corrected. ' o
A skeptic could ask, what is the evidence that IDA is
in fact responsible for the adveiie effects described? The
alterations in performance, as measured by the BSID
tests, are closely related to the presence of anemia and,
in fact, the degree and duration of anemia correlate best
with the performance measures. There are no data pro-
vided on patients with other forins of anemia to demon-
strate that this alteration in score is not a nonspecific
effect of anemia from any cause. Iron therapy fails to cor-
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rect the deficit. It could be argued, in thie absence ofany  method of scoring could result in all infants, both pla-
other information on control infants, that anemia occur- "eebo and control, showing spurious improvement be- R
ring at a critical period in’ infancy results in perinanent  tween the two testing periods because of the way the scor- - Y
sequelae, : _ : i is 3 i ‘
Let us suspend skepticism, however, and assume that ~ Obscured. Perhaps no response was observed because ID 1
the author was studying the cfiects of IDA. Is there some  had not been adequately corrected. We arc told that cven -,
reason for the failure to discern differences in behavior . &fter 3 mo of therapy onily 11 of the 30 initially IDA in- ,

" until the subjccts_ became anemic? It seems highly un- . {?n!t:s ftomptlc?diuo?"?cwd their Vi?”“r’“ of_sxg;tn s,mms‘ '
likely that the effécts of ID without anemia are without tr:atc;d‘fl'gfa M odmfgms' mtf‘dé?;cﬁ }_Ix;on ous' wr;::c ' C
consequence, and no continuum is evident. It can be ar- nity to obscrsg?n tra%ro erx;oc’li ﬂ‘curi obsc rng any opportu- -
gued that the test instrument is too insensitive to detect }ginally it is possible that this was not a bomogcnebixs ‘
}hi‘c cwhangtxt {:ihglasi@mpo:{;ﬁtfmlxz)n&algo be at group of subjects. Some were initially breast-fed whereas

ault. We are to atarise in Hb of > uring a ; ; ; .
therapeutic trial was considered evidence of ID and that others were not. Dicts after e B wert not tightly con

. . - - trolled. The infants receiving a non-fortified -formula
this superseded all biochemical measures. Perhaps these may have developed other deficiencies. The presence of

patients were not ID but merely represented replication  gther deficiencies must be considered when ID is not
variation in a laboratory study. We are not provided with' completely corrected after 3 mo. Mejia and Chew (1),in
any information on the results of duplicate analysis Or  arecent study from Guatemala, reported that the simul-
whether any subjects actually demonstrated a decrease tancous administration of vitamin A and jron resulted in
of Hb of 10 g/L between test periods. A misclassification a better response of serum iron and transferrin saturation .
of patients WOuld'confound the resultsand in this specific . than when the supplement consisted of only vitamin A ~
example would result in the group with true ID without  oriron alone, In some fashion, vitamin A hasa beneficial
anemia being given higher scores as a result of the inclu-  effect on iron metabolism., ’

sion of patients without ID. o A Dr Walter and his co-workers are to'be congratulated
The method of scoring might also obscure results dur-  fora comprehensive and ambitious study. The results are

ing the first 10d intervention trial. We are informed that  Provocative and require cxplanation...‘ } a
the raw scores of the BSID tests obtained at the first and Reference ' )
second- test “administrations were converted to indices

. . . . 1. Mejia LA, ChewF. Hematological effect of supplemcmi;ag anemic
‘based on the child’s age at the first ‘nt¢m°w' This children with vitamin A alone and in combination with iron. Am

. : JClinNu!rl988;48:595-6Q0.'
Comments o .o g

Ernesto Pollitt!

The questions I address in this critique are /) do Dr exposed, for a 10-d period, to two interventions: one re-
Walter’s data point to a causa] relationship between ID ceived iron and the other received a placebo. Finally, all
and comparatively low performance in the Bayley Scales subjects received iron for 3 mo.
and 2) what is thc nature of the dependent variables. that In terms of the developmental outcome of concern to
were assessed? Based on the terminology of Cook and us, the fortification was the most important intervention
Campbell (1) these two issues can be defined as questions because “.". . most of the anemics (36 of the 39) origi-
ofinternal and construct validity.’ nated in the unfortified groups” (2). Thus, in order to

. - fully understand the developmental trajectory of these:
Internal validity .- children, it is of critical importance to assess the nature
and quality of the design in the 3-mo forﬁﬁwﬁon_intcr—

Three experimental interventions at two developmen-  ventjon, Unfortunately, the reports available (2, 3) do
tal periods were included in the study: one at 3 moand  not give full information on the field-study design. Dr-
the others at 12 mo and at 12 mo 11 d of age. The first  Walter cited an International Nutritional Anemia Con-
was a fortification intervention involving four groups of  gyjtative Group (INACG) report for a detailed descrip- -
subjects: breast-fed, receiving 1) a heme-iron fortified ¢~ tion of the trial at that time (4). After consulting the text
realor 2) solid food as recommended by a health clinic;  from INACG, I understood that groups a and b, the
and weaned by age 3 mo, receiving 3) iron-fortified for- breast-feeding groups, are part of one study (pp 43-6), .
mula or 4) nonfortified milk. o where mothers continued breast-feeding up to 9 mo, and

At 12 mo the subjects were subdivided into two BIOUPS  that groups ¢ and d were included in a different study on
formula fortification (pp 21-9), where mothers weaned

' From the Department of Applied Behavioral Sciences, University  their babies before age 3 mo. Thus, based on the INACG
of California, Davis, report, I am assuming that the tvo studies are separate




"TABLE 1

IRON DEFICIENCY AND DEVELOPMENT. - esl.

_ - : _ TABLE3 - . . _
Correlations bétween Bayley MDI scores actoss ages and with 36-mo Test scores as illustrative of limited infant-varisbility Bayicy scores®
Stanford-Binet scores ® L : ' = . ' ' ———
= : e Chronological Mental Meatal-Development Ratio
Age (mo) age ‘age Index ’ 1Q
Age - R ) ) e i
-{mo) 3 42 24 N (3 mo - mo )

3 —  0.23t[164] 001 (137 006 [118] R AL . 84 S92
12 - - 2 0.16¢133)  0.12 [116] . :g , ’g-’ - ';: ';g
24 - - . C e - 0.55¢[101 SR .

. tlto1] : 12 . 8 : 52 67

-4 From reference 8. Values in brackets are 1 values, 12 - 21 : ' ol 88

tp<00l. . . - ) 24 27 116 o 13

tp <0.10. 24 . ' .68 |

24 15 : 52 ) 63
‘ ) X , _ 6yt 4y 68 67
events with different sampling and data-collection proce- 6yt Jy2mo 52 . 53

dures. - ~
" Besides the problems of internal validity (1) related to

meeting statistical requirements to. pool data from two ‘

independent studies, there are at least two powerful co-
variates that need to be taken into account in the analysis
of the data from this study: duration of breast-feeding
and home-visiting. The dependent variables in the study

- are sensitive to these two covariates (¢g, see ref 5) and
might explain, in part, the between-group differences ob-
served.

Thus, as presently reported, ft would appear that the

study falls short of meeting the requirements of internal

validity. To reject the possibility that differential history -

between subjects accounts for the between-group differ-
ences observed, it will be necessary to know the history
of these two covariates in all four groups and to partial
out their possible effect on the dependent variables.

TABLE 2 )
Organization of skills: a second-order factor analysis®
Variance
_accounted
Factor | Factor 2 fort
3-mo factors
Manipulation -01 . 0.90 1=36%
Social : 0.46 0.41 2=23%
rch 0.78 —0.18
uditory 0.69 0.25
12-mo factors
Means-end 0.81 -0.34 1 =44%
Imitation 0.81 0.33 2=37%
Verbal 0.00 0.94
24-mo factors
Lexical 0.83 0.03 1 =35%
Verbal-symbolic 0.79 0.14 2=26%
Spatial . 0.07 0.76
Imitation : 0.04 0.72

* From reference 8.
1 Totals for the variance accounted for.in 3-mo, 12-mo, and 24-mo
factors were 59%, 87%, and 61%, respectively.

* From reference 7. o : o
1 These data arc from Stanford-Bfict (9); values in the middie col-
umn (68 and 52) are for deviation 1Q, not MDL,, :

Whether this is indeed possible given the sample sizes of
the four groups and the three iron levels is something that
needs to be determined. -

Construct validity

Construct validity refers to the possibility that the par-
ticular effect. postulated in the study under scrutiny—
that is, changes in cognitive development produced by
changes in iron status—might be construed in terms of
other, very different concepts (1, p 59). Cook and Camp-
bell (1) based their discussion on construct validity oh,
and extended the meaning of construct validity . ad-
vanced by, Cronback and Meehl (6). B

Dr Walter has indicated that the inability of the
Bayley Scale to predict later IQ and the fact that its global
nature precludes an indication of which aspect of behav-
ior may be influenced by iron lack were not considered
enough justiﬁcation'[pr not using this test. He further
stated that the “Mental Scale is designed to assess mem-
ory, learning, vocalization and‘f}'anguagéfcpmx‘ydnim- :
tion—in general—the basis for abstract thinking and

. conduct generally associated with intelligence” (2). A

critical issue of construct validity, therefore, are the theo-
retical assumptions underlying the use of the Bayley

- Scale and whether the effects of iron on the performance

in the BSID provide theoretical justifications to infer that
ID in infancy has an effect on intellectual operations or
mental processes. o .

In the construction of the developmental scale in ques-

tion, Dr Bayley did not select the items of the scale be- -

cause they tap or measure specific information processes
or learning abilities. Most items are rooted in the items
included in the Gesell Schedule, which were selected

_from a vast array of observational material.-and without _

any theoretical justification. The choice of itct_ns from
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the Gesell Schedule and the addition of new items were
guided by practicality and goodness of age fit. Thus, at
age 12 mo, for example, there is no justification to sus-
pect that pushes a car along is more important than lift-
ing it or pulling a cube. Similarly, there is no theoretical
reason 1o assume that closing a round box is more intel-
ligent than intentionally throwing an object to the
floor (7). , : T
Accordingly, the lack of predictive validity of the de-
velopmental scales is not surprising. MQ{eovcr,‘thc low

test-retest correlations even during the infancy period are -

understandable. A study (8) of the development of men-
tal abilities in infancy based on the Bayley Scale reports

correlations of 0.23 between tests taken at ages 3 and 12 , '

mo and of 0.16 between 12 and 24 mo (Table 1).
Principal-component analyses at 3, 12, and 24 mo

yielded a Sensory-motor-manipulation component at 3

mo, a means-end-imitation component at ]2 mo, and a

verbal-symbolic component at 24 mo (Table 2). None of

these factors accounted for > 20% of the variance at any
of these three ages.’ o

© Moreover, the highest correlation coeflicient between

components was 0.16. A more detailed factor analysesof .

the data Jed the authors to conclude, “Although related

sets of skills that changed over development were identi- .

fied, caution is necessary. First, the factors identified, al-
though-agreeing with those reported by others, account
for relatively small amounts of vaniance. Exactly why
this appears to be the case in several studies is not clear
but the items of the Bayley do not seem to form either a
strong coherent principle component or a coherent set of
- factors™ (p 6; pp 350-1). ,

* Accordingly, there does not seem to be any support for
the notion that the “Mental Scale is designed to assess
memory, learning, vocalization and language communi-
cation—in general—the basis for abstract thinking and
conduct generally associated with intelligence” (2). In
fact, I would argue that if the BSID is going to be used at

WALTER

“allin studies on ID and dcyclopmént,_ there is an urgent

need to specify the constructs that we are dealing with,
rather than assuming that because the Bayleyis a popular -
scale it tells us something important about development.

Finally, I would like to point at the developmental sig-
nificance of score differences in the Bayley Scale. As ob-

served in Table 3, at 12.mo of age relatively large differ-

small developmental differences in chronological age. As
observed in Table 2, a MDI of 84—that is, 16 points
lower than what is expected—is equivalent to a mental
age of 11 mo. Similarly, a MDI of 116 is equivalent to a
mental age of 13.5: . 2 ' 4
Thus, although a difference between groups of ~5.7
points is statistically significant, as reported in the Chi-
lean study, we must recall that at age 12 mo this only
represents a developmental difference of about half a
month.; The issue of concern is what is the true develop-
mental significance of the difference. a

ences in scores between subjects represent relatively
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Response to comments by Ernesto Poliitt

T Walter

Is.;»ues of internal validity

At age 12 mo the infants were randomized between
treatment with FeSO, or placebo. However, these infants
had been the subject of two previous interventions, one
that was random (iron-fortified foods or nonfortified

products) and one that was not random, whether they

were on breast milk as the exclusive source of milk
(breast-milk group [BF]) or were receiving > 50% of
their estimated caloric requirements from sources other
than breast milk (early weaned group [EW]) at the time
of the fortification assignment.

At this point, let us describe the experimental setting
in more detail. All the infantsin this study were obtained

from the same clinic, at the same time, and with the same
criteria and were treated in a standardized fashion. The
study was carried out over a period of 2.5 y and the in-

“ fants were assigned to a food product (with or without

iron fortification) in an alternate fashion, according to
order of recruitment to the study. The nonrandom strati-
fication applied was the breast-feeding history, over
which the investigators had no influence whatsoever.
However, once the infant became part of the study,
efforts to maintain or reinstitute breast-feeding were rou-
tinely carried out by the staff caring for these babies, as -
will be appreciated by the duration of breast-feeding in
the EW infants, It is also important to note that the food

products normally handed out by the National Food
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TABLE | v : TABLE 3 : o
Foniﬁaﬁon assignment in breast-fed and carty-weaned infants Mecan Mental Development Index scores in breast-fod and carly- e
according to iron status : - weaned infants according to iron status T . - '

+Fe  -Fc  +Fe -Fe * +Fe —Fe ' Breastfed - - Early-weaned
Breast-fed Ancmic 98.2 19]° - 95.1 (17) -
© (n=104) 10 - 8 M 34 . 12 -6 NAID 105.9 '[68] ‘1009 {57)-
Early-weaned ] Control 102.3 [17) . 9.7 M)

(n=92) 2 1% 26 33 9 3 Weighted mean 103.8 9.7 -
g ANOVYA ' <0.05 - <0.05

ué;-pplcmcntation Program, to which all these infants be-
longed, are not iron fortified. Thus, we were in fact not

experimentally removing a benefit but rather experimen-

tally adding a well-recognized potential need.
.The fortification randomization assignment deter-
mined 1o some extent the iron status of the infant at age

[2 mo. Iron fortification was more efficient in the EW

group because milk is consumed in large and fairly pre-
dictable quantities throughout the first year of life. Thus,
only 2/38 (5%) of infants in the EW fortified group be-
came anemic, whereas 10/55 (18%) of the BF fortified
group had a Hb < 110 g/L at 12 mo (Table 1).

The distribution of treatment with fron or placebo was
fairly even, except for a large number of EW anemic in-
fants getting iron vs placebo (Table 2). This skew poten-
tially stems from the fact that the randomization be-
tween iron and placebo was determined with only the
first available lab data, and the final classification ofiron
status was delayed until all the lab results were in, includ-
. ing the response of the 3-mo therapeutic trial.

I's

To adequately interpret the result of the iron-blaocbb )

therapy trial, it is important to evaluate the influence of

breast-feeding history on the performance of the BSID. )

Infants in the BF group received breast milk as the ex-
clusive source of milk for an average (£SD) of 275 + 78
d and nonexclusively for 334 + 55 d. Infants in the EW
group had breast milk exclusively for 74 + 61 d. By defi-

nition, no infant in this group was exclusively breast-fed
- for > 120 d; however, most continued to receive the
breast for 171 + 120 d. Thus, even though the differences
between the duration of breast-feeding in the BF and EW
groups are large and highly significant, all the infants in
this study had = 60 d of breast-feeding, and even in the
EW group some were breast-fed—although not exclu-
sively—for as long as 9 or 10 mo.

TABLE 2

- Short-term-therapy trial assignment in breast-fed and carly-weaned
infants according 10 iron status

e

+Fe Placcbo +Fe . Placebo  +Fe Placebo
Breast-fed
(n=104) 8 1 37 31 7 .10
Eariy-weaned | .
(n=92) 13 7 29 30 5 8

* Number of infants in brackets. .

We found no correlation. between the duration of.

breast-feeding, be it exclusive or not, and developmental
scores. Separating the infants into BF and EW or accu-
mulating them, or taking breast-feeding duration in days
or stratifying it as more or less than 4, 6, 8, or 10 mo did
not influence the significance ‘of this operation: How-

- ever, when the development séores are examined at 12
mo, there is an appreciable difference between the BF .

and EW, favoring the former group (Table 3). However,
the difference in MDI and PDI (Table 4) between the

iron-status groups, showing that ancmic infants have a_

poorer performance than all nonanemics infants, persists
unaltered. Thus, even though the BF infants have overall
better scores than the EW group, this effect is overcome
by a still-persisting effect of iron status. = -
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The next step was to examine the performance of the -

infants after 10 d. of iron or placebo. Infants were ana-

" lyzed as EW and BF, each segregated according to iron

status’ (thus, six groups). After 10 d all six groups im-
proved their performance significantly both in MDI and

PDI (paired ¢ test). The analysis of whether some infants
improved their scores more than others.faited to show.

differences (ANOVA), showing that neither breast-feed-
ing nor iron status, or iron vs placebo, have an influence
on developmental indices that cannot be explained as a
practice effect (data not shown). ' :

Finally, stepwise multiple-regression analysis was exe-

cuted with MDI or PDI as dependent variables, includ-
ing duration of breast-feeding and-all the other interven-
ing variables.collected. By forcing Hb in first, all other
variables lost significance when 0.2 was used as the limit-
of-significance cutoff to enter the stepwise equation.

TABLE 4 ‘ .
Mean Psychomotor Development Index scores in breast-fed and
carly-weaned infants according to iron status

Breast-fed Early-weaned
Anemic 92.1[19]* 87.3(17}
NAID 100.3 [68] 97.1[57] )
Control 102.6 [17] 98.8[11]
. Weighted mean 99.1 954
ANOVA' <0.0002

<0.01

* Number of infants in brackets.

2
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Issues of construct validity

All ofthe com rﬁcnt_s put forward by Dr Pollitt are fully

-~ endorsed and irrefutable. We agree that better methods

of probing mental processes in infancy must be used in
any future protocol in this ared of research, Some of the
techniques mentioned by Dr Frances Horowitz earlier in
the meeting are certainly worth looking into.
~ However, other neurophysiologic measures scarching
for subtle maturational effects of iron lack should also be
incorporated into this line of research in the'next genera-
“tion of studies. Slecp-wakefulnesscycle studies seem
warranted, based on thé patterns of sleep inversion found

WALTER .

in cxpc“rimcntalanin_ials.-MQ?s’um of myelinization of
peripheral and ceéntral nervous system pathways and
synaptic activity found altered in the parietal cortex in
the rat with methods such as brain-stem evoked poten-
tials are noninvasive and need to be further cvaluated.
Notwithstanding, the Bayley Scales are the only tool
that has been looked at extensively ‘and such coinci-
dences as have been found by independent investigators
working in distant regions and with different study de- -
signs cannot be ignored. The BSID, therefore, have be-
come the gold standard to,which all future research in
the effect of ID in infancy must be compared to, until a
better tool becomes available. ' : A
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