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ABSTRACT.In a double-blind, placebo-control prospec-
tive cohort study of 196 infants from birth to 15 months

-~ Of age, assessment was made at 12 months of age of the

relationship bétween iron status and psychomotor devel-
opment, the effect of a short-term (10-day) trial of oral
iron vs placebo, and the effect of long-term (3 months)
oral iron therapy. Development was assessed with the

mental and psychomotor indices and the infant behavior -

record of the Bayley Scales of Infant Development-in 39
anemic, 30 control, and 127 nonanemic iron-deficient
children. Anemic infants had significantly lower Mental
and Psychomotor
trol infants or nonanemic iron-deficient infants (one-way
analysis of variance, P < .0001). Control infants and
nonanemic iron-deficient infants performed comparably.

between the effect of oral ad:

’No _difference was noted
‘# ministration of iron or placebo after 10 days or after 3
m

onths of iron therapy.

: Among anemic infants a hemo-
) ﬁ/ﬁ‘if globin concentration <10.5 g/dL andduration f anemia
. /

of >3 months were correlated with significantly lower

“wzrmotor and mental scores (P < .05). Anemic infants failed

specifically in language capabilities and body balance-
coordination skills when compared with controls. These

g results, in a design in which intervening variables were
L closely controlled, suggest that when iron deficiency pro-

|

g"-gresses to anemia, but not before, adverse influences in

the performance of developmental tests appear and per-

i:sist for at least 3 months despite correction of anemia

iwith iron therapy. If these impairments prove to be long
istanding, prevention of iron deficiency anemia in early
finfancy becomes the only way to avoid them. Pediatrics

"1989;84:7-17; iron deficiency, development, infant, ane-
mia, nutrition. :

Developmental Index scores than con-

- be completely reversed after

ABBREVIATIONS. BSID, Bayley Scales of Infant Development;
IBR, Infant Behavior Record; INTA, Instituto de Nutricion y
Tecnologia de los Alimentos; MDI, Mental Developmental In-
dex; PDI, Psychomotor Developmental Index. to
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Iron deficiency, the world's most prevalent nu--
tritionhal disorder, can no longer be considered a
simple anemia readily reversed by iron therapy.!
Numerous systemic effects have been described,
among which behavioral dérangements may be the
most worrisome.? Their occurrence during early
infancy is a cause for further concern because of
the coincident latter part of the growth spurt of the
brain during this period.as well as numerous bio-
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logic and behavioral changes. Moreover, it is un- -

clear whether deficits arising during this stage can
nutritional rehabilita-
tion.? : : '

It has become evident in recent years that iron
deficiency causes impairment in the way infants
perform the Bayley Scales of Infant Development,
the test used in most previous studies.*'° Some
researchers*” have shown that only anemic infants
evidence deficits, but others®!® have described al-
terations also in nonanemic iron-deficient infants.
Thus, the precise level at which the effect becomes

overt is still controversial. The reversibility of these .

.changes after iron therapy has been discussed with

contradictory results and remains uncertain.

It was shown in a recent review!! that previous
studies, although, in general, well designed and
executed, have failed to provide conclusive solu-
tions to the following questions: (1) the severity of

. iron deficit necessary to influence behavior, (2) the ,

effect of the duration of iron deficiency, (3) the
effect of a short-term iron trial (before correction
of anemia), (4) the reversibility of changes aftet a
long-term trial (sufficient to reverse anemia), (5)
the specific areas of mental ormotor processes most
affected, and (6) the possible association of devel-

opmental deficits with behavioral patterns. To an-
swer these questions, we describe a double-blind,
. placebo-control study in a cohort of 12-month-old |

i

infants from a homogeneous community who were
carefully followed-up longitudinally since birth.
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MATERIALS AND METHODS

Siudy Population and General Outline .

This study was accomplished in concert with a

field trial of iron-fortified foods conducted by the .

Hematology Unit of the Instituto de Nutricion y
Tecnologia de los Alimentos (INTA) of the Univer-
sity of Chile from 1982 to 1985. The subjects were
located'in a geographically defined urban commu-
nity of lower-middle socioeconomic level, homoge-
neous in ethnic background, with stable, definitive
housing, running water, sewage, and electricity. It
“has been shown in previous studies that blood lead
levels are low'? and that anemia in Chilean infants
is exclusively due to nutritional iron deficit.!® After
informed consent was given by parents, infants
were randomly allocated to four groups at 3 months
of age. Those exclusively breast-fed were giveh a
heme-iron fortified cereal or the solid food recom-

mended by the health clinic. Those spontaneously .

weaned by 3 months of age were given either an
iron-fortified formula or the routine nonfortified
milk provided by the National Supplementary Food

" Program. All groups were advised to add fruit juices
at 2 months of age, fruits at 3 months of age, a
meat-vegetable soup and cereals at4 months of age,
eggs and legumes at 6 months of age, and table
foods at 9 months of age. Details of this trial have
been described elsewhere.}*®?4246) The infants were
observed with monthly clinical and anthropometric
evaluations by physicians from INTA at the Com-
munity Health Center and weekly at their homes
by field nurses performing dietary and morbidity
surveys. At 9 and 12 months of age, venipunctures
were carried out for the measurements of hemoglo-
bin, hematocrit, mean cell volume, serum iron, iron-

binding capacity, free erythrocyte "protoporphyrin,
nd serum ferritin.

ipuncture, each infant was brought to INTA for
psychologic testing with the Bayley Scales of Infant
Development (BSID). Informed consent for this
study was obtained and a double-blind control-
placebo trial of oral iron treatment was conducted.
Both mother and psychologist (C.G.P.) were una-
ware of the iron status or the preparation each
infant received. After the first psychologic test,
ferrous sulfate suspension (Fer-In-Sol, Mead John-
son, Evansville, IN) or platebo at a dose of 0.6 mL
(15 mg of Fe?*) was-given three times daily 1 hour
before meals for the following 10 days. The' field
nurse visited the infant three or four times during
this period, recording compliance by history corrob-
orated by measuring the amount of remaining sus-
pension. On day 11, a repeat BSID was performed.
As confirmed by weekly house calls to measure
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‘Within a week after the 12-month visit and ven- -

-«

compliance, all ihi‘ants, regardless of ix:dn ‘aiatus,'

received the iron preparation thereafter at the same
dose and schedule (as a _therape_autic trial) until 15
- months of age. At the end-of therapy, a clinic visit

was made for evaluation, taking of" hematologic -

measurements, and administration of a third BSID.

Hematologic Asses_sments

Samples were obtained by venipuncture at 9, 12,

- and 15 months after a 6-hour overnight fast. He-

moglobin, mean cell volume, and hematocrit were
performed in a Coulter model ZBI (Coulter Elec-
_tronics, Hialeah, FL), free erythrocyte protopor-
phyrin, in a hematofluorimeter (Aviv Biomedical
Inc, Lakewood, NJ) serum iron and iron-binding
capacity by a colorimetric method,* and serum
ferritin by radioimmunoassay (Gammadab, Divi-
sion of Trdvenol, ‘Cambridge, MA). After the veni-
puncture at 12 months of age, the infants were
Jentatively allocated to an iron status group by the
hematologist (T.W.) on the basis of hemoglobin,

" mean cell volume, and free erythrocyte protopor-
", phyTin values, results that were available within a

day. To exclude all likelihood of mild iron defi-
ciency, however, the infants were reclassified ret-

rospectively after the therapeutic trial of iron. The

‘trial was considered satisfactory if =1250 mg of

iron was effectively taken. An increase in hemoglo- :

bin level of =1 g/dL was considered evidence of
iron deficiency, superceding all biochemical meas-
ures. Thus, control infants were defined as those

with all values in the normal range (hemoglobin-

Z11.0 g/dL, mean cell volume =70 fL, Fe/iron-

binding capacity =10%, free erythrocyte protopor- -

phyrin <100 ug of zinc protoporphyrin per deciliter
of RBC, serum ferritin 210 ng/mL) who had a lack
of response to an adequat’therapeutic trial of
ferrous sulfate. The anemic infants were defined as
those with hemoglobin levels <11.0 g/dL and two
or more abnormal biochemical measures. The non-
anemic iron-deficient infants, that is, those with
hemoglobin levels >11.0 g/dL who were not eligible
as control subjects, were a heterogeneous group that
was subclassified in an attempt to grade the severity
of iron deficit. -
Subclassification of nonanetnic iron-deficient in-
fants in order of decreasing severity was as follows:
grade 3 (nonanemic responder)—zero to6 four al-
tered measures at 12 months of age with a thera-
peutic response of hemoglobin level =1 g/dL (con-
sidered the most severe grade); grade 2 (nonanemic-
nonresponder—one to four abnormal values but
with a therapeutic response of hemoglobin level
<1.0 g/dL; grade 1 (iron depleted-nonanemic-non-
responder)—all measures normal -except a serum
ferritin level <10 ng/mL. i
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. Tl?e venipuncture performed at 9 months of ége * and motor skillg aé well as the IPR could be ana-
provided the opportunity to evaluate the progres- - lyzed, ’ oL : a

sion of iron status 3 months prior to the develop- ¢ 0 : v W

méntal tests. These values were classified as fol-= ™ Intervening-Variables- S o

lows: anemic groups, hemoglobin <10.5 g/dL .and- . - _ . ' . e ' w
two or more abnormal measurements, control This large gr oup of infants had been carefully

group, hemoglobin 211.5 g/dL. Because we did not characterizeq during_ the” lox.lg.itudinal fo.llow-l_xp
have a therapeutic trial to detegt unequivocal cor® } study fr:am birth. As a prerequisite to particip ate in
trols, stricter hemoglobin levels“were required as’ the field study frox_n .thCh these infants were
well as values of serum ferritin 212 ng/mL, free drgwn, the following criteria had to be-met': gbxrth
erythrocyte protoporphyrin <100 pg/dL RBC, and wexgh_t >2§00 g, no peor}atal, complications, o
mean cell volume =70 fI, to reduce the likelihood chronic or conger_l}tal disorders, .and adequate
of mild iron deficit. growth -and _developmgnt. The infants were seen
' . regularly’ by the same physician in the clinic and

Development Assessment ° : . the same nurse at the ‘weekly home .visits,' The .
following were regularly checked: complete monthly Cs
anthropometric measurements (height, weight, - '
child’s development. The inability of this test as head and arm circumference, and skinfolds); dietary

well as others to predict later IQ at this age'® and evaluation by 24-hour recall once a week; socioeco-
- the fact that its global nature precludes an indica-  pomic evaluation by the modified Graffar Scale?®;

tion of which aspect of behavior may be influenced breast-feeding duration and quality, and morbidity
by iron deficiency'” were not regarded as hindrances data, both at the clinic'with consultation as desired
to its use. For evaluating infant beh‘avic‘)*r‘at 1year  and at home with a weekly questionnaire. :
of age, the BSID is considered the most reliable and ) .
comprehensive approdch.’® A rapid progression of Data Analysis
maturational events is occurring at this age, which . ) ‘ . y '
fact is appropriately evaluated by this test. Fur- . Dxfferencgs b_etwgen the groups in terms of con-
thermore, previous studies in this age group have  tinuous vanables.were evaluated by AN OVA, and
been conducted using the BSID, which permits 'pam:nse'compansqn was done by one-talltad St?'
useful comparisons. . g _ / d'ents t test. COfnpamf,on of the same subjgc}:s in
The BSID has three components, the Mental = time was done _w.xth pa.xred Student’s ¢ test. szt_'fer-
Scale, Motor Scale and the Infant Behavior record. eénces 1n categoric variables were df)ne by x* test.
The Mental Scale is designed to assess memory, All z-mgly 5€s were Pg,ff?rmefi according toistandard
learning, vocalization, and language communica- statxstlcazll methods™ ‘or with. the SAS Computer
tion; in general it determines the basis for abstract ~ Package. ' .
thinking and the conduct generally associated with ‘ .o ‘
“intelligence.” the Motop Scale provides a measure RESULTS:
for gross and fine coordination. These scales yield - .
scores, the Mental Developmental Index (MD]) and Hematologic Data A :
the Psychomotor Developmental Index (PDI); re- Complete hematologic evaluation was performed
spectively, that are age corrected so that the norm for 189 infants at 9 months of age, 196 infants at
is 100 and the standard deviation 16, similar to that 12 months of age, and 196 infants at 15 months of :
in most IQ tests. The third component, the Infant age. Classification of the 39 anemic infants at 12
s/ Behavior Record (IBR) consists of 30 items'clipi- ~ months of age was unequivocal based on hemoglo-
A cally rated by the tester and does not yield a scofe.  bin level <11 g/dL (Table 1). The mean value was
, The first BSID was administered 7 to 10 days after = 10.0 g/dL (range 8.4 to 10.9), denoting that anemia
the 12-month venipuncture by the same psycholo- was mild. Infants with hemoglotgi;x levels >11.0 &/, » .
| .‘Y}‘(\i‘_ gist (C.G.P.), who, again, was unaware of the in-  dL were tentatively preassigned depending on meﬁ :
T[4 fant’s iron status or therapy group. The caretaker cell volume and free- erythrocyte protoporphyrin
' was always the mother. The raw scores obtained at  values; however, definitive groups were demarcated
the first and second BSID administrations. were retrospectively including Fe/iron-binding capacity
converted to indices based on the child’s ageatthe and serum ferritin levels and response to jron. Only
first interview. Thus, the short-term iron therapy-. six infants who had all iron measures normal had
/ study was meant to.compare the infant with himself a response to iron with hemoglobin levels >1 g/dL;
as a control, not to establish the validity of the thus, they were reclassified as nonanemic with iron
" BSID for age. All infants were of similar age at the deficiency. Consequently, the 30 infants defini-
time of study; hence, individual items of mental tively assigned to the control group complied with

The BSID' were used as a measure of each

e

-
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~the most strinigen
measures of iron s

For PD], enemic infan{s scored 90.0 + 2.0 (mean ‘:t, 4
SEM) and differed from controls (101.2+21,P<.

- criteria available, ie, normal -
tus and lack of response to an

adequate therapeutiic trial. ‘The lower rdange of he- -

moglobin values fof control infants was 11.8.g/dL.
The 127 remaining nonanemic iron-deficient in-

fants, ie, those wit, hemoglobin-levels =11.0 g/dL -
but with abnormal biochemical measures and/ora .-

therapeutic response resulted in a heterogeneous
group. The s_ubclas ification used to define varying

. degrees of severity of nonanemic iron deficiency

was useful4s judgéd by the gradual changes of the
mean values (Table 1),

At 9 months of jage, 21 infants had anemia (he- -
moglobin levels <{10.5 g/dL) and 34 'infants were
controls (hemogldbin levels >11.5 g/dL), serum
ferritin levels =1 ng/mL, free erythrocyte proto-
poiphyrin levels 100 rg of zinc protoporphyrin
per deciliter of RBC, and mean cell volume =70 fL.)
and the remaininé 134 were a heterogeneous group .

- of nonanemic and iron-deficient infants.

 >2SD in MDL

A

' Development Sc?res '

A total of 576BSID were administered. Using
the age adjustment recommended in the manual,
we found the mean MDI score was, 102.4 + 8.9
(means + SD) with a PDI score of 98.1 + 11.0.
There was a significant difference between the
means of menta] and motor scores seen in this
population as a whole studied at three age points.
Both distributiors were symmetric, with only six
measurements (12%) <2 SD in PDI and one infant

Measures of iron Status and De_velopment :

Anemic infants showed markedly lower MDI
scores (mean + SEM) than control infants (96.4 +
13vs 1021+ 18, P< .001) and nonanemic iron-
deficient infants TS a whole (103.4 £ 0.8, P < 107%)."

.0005) and nonanemic iron-.de_'f:l;ieht infants .(98.7

-* 1.0, P < .0001). The one-way-ANOVA’ for MDI.—

and PDI was highly significant (P < 107%). It must

be noted, however, that all MDI and PDI scores are.“ '

within 2 SD of the norm, 8o that even though -
anemic infants were at a disadvantage with respect’ _
to nonanemic infants, their scores were still within
‘the normal range (Table 2). The subclassification
of nonanemic iron-de cient infants demonstrated
the pattern that énly overt ang-nia and no other
combination of biochemical markers of iron defi-
ciency was the detérminanj: for significant de-
creases in MDI and PDI scores (Fig 1): ‘

Hemoglobin Concentration and Development
Scores ) h

We examined MDI and PDI scores at 12 months

) of age based only on hemoglobin level as the most .

commonly used indicator of iron status (Fig 2). A
sigmoid distribution could be defined at herproglobin :
level intervals of 0.5 g/dL, with leveling’ of devel--
opmental index values between the two groups of
infants with hemoglobin levels <10.5 g/dL, or
among the three groups >11.0 g/dL. An interme-

_ diate group was present at hemoglobin values of .
10.5 to 10.9 g/dL. __ :

. Iron, Status at Nine Months and Devélopmedtal

Indices at 12 Months -

To evaluate the effect of duration of anemia,
infants who were anemic at both'9 and 12 months
of age, ie, those whose anemia had a daration of 3
or more months (n = 19) were compared with those
infants who were anemic at 12 but not at 9 months
of age, ie, those whose anemia was presumed to
have been present for less than 3 months (n = 16),

TABLE 1. Iron Slatus of Stuay Groups at 12 Months; Including Subclassiﬁc_atiori of Nonanemic Iron-Deficient

Iron Stath Hemoglobiq Mean Cell Iron and Free . Serum Ferritin
Groups (g/dL) Volume Iron-Binding , Erythrocyte (ug/L)
; (fL) Capacity Protoporphyrin
(%) (g Zinc
’ Protoporphyrin/
. dL RBC) 2
Anemic {n = 39) 10.0 + 0.9 62.£5 6.8+29 195 +'103 5.4 (3-—%) .
Nonanemic iron deficiency. 12.1 £ 0.7 0 +4 12.2 £ 0.7 108 + 33 11.9 (5.8-24)5
(n =127) ~ . v
Grade 1 (n = 6) 129+ 0.6 74+ 3 148 + 3.6 8112 7.5 (6.7-8.2)
Grade 2 (n = 76) 12.2 £ 0.7 70+4 123+ 54 107 £ 30" 15 (7.7-27) >
Grade 3 (n = 45) 11705 69 £ 0.5 11.7+6.8" 116 £ 38 ‘9 (4.1-19.6) -
Control (n = 30) 127+ 0.8 76 £3 16.7 £ 6.3 78+13 19.8 (11.8-34)

SD.

i
|
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i

* Results are given as means * SD, except serum ferritin results, which are given as geometric means with range of 1 _

1 Grades are deﬂne,ﬁ as follows: 1, iron depleted; 2, nonresponder; 3, responder.

.
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TABLE 2. Developmental Index Scores of Infants According to Iron Status® -

[pltrmt s -

J A/\/GV%

Anemic Nonanemic Control P Valuet
Iron Deficient v
Initial values at 12 mo [ < assr ] p= o0 .
MDI Al seocts WU 9644 1.3 103.4 £ 0.8 1021+ 1.8 10°%-. ",
PDI mem g0t 00 98.7 £ 1.0 101.2 + 2.1 10
Effect of short-term trial} ¢ ‘? [ 3 eeirs
Placebo :
MDI ot 67232 . n1.487+3.2 8.3+33 .26
! PDI 51£29 54E 35 4443 a3
i Irch therapy o ) N
\‘l(’ 4 125086 % 5.4 12,389 %34 87135 .96
»‘L{ PDI 6.7+ 6.9 §56+29 5.6 +3.2 ‘' 66
Effect of long-term trial at 15 mot . -
MDI + ~0.17+5.1 0.26 £ 3.5 0.93 + 3.7 82
PDI 1.92 + 6.2 0.16 +'4.2 28+6.9 21

¢

-

rw;';‘ Results for groups of infants are given Wbbreﬁatims: MDI, Mental Developmental Index; PDI, -
~~ Psychomotor Developmental Index. The nu of infants in the short-term trial group were as follows: anemic .
infants—placebq, 15; iron therapy, 24; nonanemic iron-deficient infants—placebo, 61; iron therapy, 66; control
Q infants—placebo, 18; iron therapy, 12. e : .
RN T According to one-way ANOVA. The analysis of variance for improvements in all iroA status and iron-placebo groups
'\ is MDI (F .93, P = .46) and PDI (F 5, 190 = .72, P = 61). The highest, yet not significant, pair-wise comparison

h differer e for anemic infants + iron ys. anemic infants + placebo MDI (P = .19) and PDI (P = .33). 7
\[ 1 Meén + Increase in score from pretrial development indices. - :
9 - X S
S 10 : = _
MENTAL INDEX PSYCHOMOTOR INDEX
108 |- . =
~ 08 (45) (76} (6) i
& 104 { f B B ) {301
fl’ 4 P (a8)
> 102 |- — (s)
g 100 : - (78) {
=4 139) .
2 98 |- S }
= 96| { : -
-4
W
E oel , -
o (39)
2 92} -
o : ’
88 f- =
- 86 - . 13 | _
84 { 1 1 1 1 1 | 1 1 1
ANEMIA Gr3  Gr2  Gr1  CONTROL ANEMIA Gr3  Gr2  Gr{ CONTROL

IRON STATUS

Pretreatment mental and pychomotor developmental indices (MDI and PDI) .

according to iron status at 12 months of, age, Nonanemic iron-deficient infants are

subclassified as follows: grade l—nonanemic, irdn depleted; grade 2—nonanemic nonre-

sponder; grade 3—nonanemic responder. Values within parentheses indicate number of

subjects per data point. The overall ANOVA for MDI (F(4, 191) = 5.4; P <.002) and PDI '
(F(4,191) =5.4; P< .0001). Pairwise comparisons of anemic infants vs every other group ' ¢
are significant (P < .01). Pairwise comparisons between all nonanemic infants are not

significant. Only overt anemia determines significantly lower MDI and PDI scores,

Those infants who were anemic for more than 3

to 10.9 g/dL at 12 months of age, at which time
months had significantly lower developmental in-

developmental index scores were less severely af-

dex scores than those infants who were anemic for
less than 3 months (Table 3). Those infants who
were nonanemic at 9 months of age were mainly-
those in the intermediate hemoglobin range of 10.5

fected. Thus, infants who were not anemic at 9
months of age tended to have milder anémia at 12
months of age. Of the 17 infants in the intermediate
hemoglobin group at 12 months of age, 14 were

.
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oal. MENTAL INDEX
A t28)
C - - C (78 (34)
o 104 .
9 un }
< -
- ¢ 100} ' .
.9 (t3)
< 96} i (9) :
-
3 .
§ 92
)
w
G ge}-
84l
80 1 1 1 ol 1 |
. <0O0. . ns-4
Qo104 1Ho-t4 [ &)

©* »#. HEMOGLOBIN (g/di)

*

| PSYCHOMOTOR INDEX = . |
o T :
. Coe i (341 .
e N ] e ,{ { L
B ts)
| t3) - 2,
.V '!
- . 1 ) 1 ) i I t
<o 100-104 950 o1a WPR4 1o e

ng 2. Pretreatment mental and psychomotor deve’[opmént indices (MDI and PDJ)

according to hemoglobin concentration in 0.5
indicate number of subjects per data point.
(scores given as means = SEM; n = 22; MDI,
10.5 -10.9 g/dL (n = 17; MDI, 99.5 + 2., P
dL (n = 157, MD], 103.2 + 0.7, PDI, 99.2 +

-g/dL intervals. Values within parentheses
ANOVA for hemoglobin level < 10.5 g/dL
94 + 1.3, EDIL;. 86 + 2.5) vs hemoglobin level
DI, 94.6 £ 2.9) vs hemoglobin level >10.9 g/
2.9) is significant (MD], F(2, 193) = 6.90; P

= 107% PDI, F(2, 193) = 8.48; P = 10-5. For-each point of MDI score, F(5, 190) = 6.9; P
<.001; PDI, F = 8.5;-P < .0002). Pairwise comparisons betweén each of three groups are
significant (P < .05). Pairwise comparisons within groups with hemoglobin values <10.5
g/dL or =10.9 g/dL are not significant. For each point of MDI score, F(5, 190) = 69, P<
.001; PDJ, F = 8.5; P < .0002). The:intermediate point (hemoglobin level 10.5 to 10.9 g/ -
dL) is significantly different from both extremes (P < .05)in MDI and PDF scores.

TABLE 3. Duration of Anemia and Developmental

* Indices* ]
Developmental Duration-of Anemia
Index <3 Mo =3 Mo
(n = 16)t (n=19)}
"Mental 99.4+£25 941+1.1
Psychomotor 93.7+34 86.0 £ 2.6

* Results are given as means + SEM: P < .05 for <3-
month group compared with >3-month group for both
indices. ]

t Infants with hemoglobin levels <11.0 g/dL at 12 months
of age but =10.5 g/dL at 9 months of age.

% Infants with hemoglobin levels <11.0 g/dL at 12 months

of age and <10.5 g/dL at 9 months of age.

evaluated at 9 months. Of these, 10 (71%) were not
anemic at 9 months of age. In contrast, of the 21
infants who had hemoglobin values of <10.5 g/dL,

only six'(29%) were not anemic at 9 months of age
(P <.015).

" ron Therapy

\Infants given 10 days of oral ferrous sulfate were

4 ~ compared with those given a placebo. Develop-
! mehtal index scores of both groups significantly
improved in the MDI and PDI to a similar extent,

12 IRON DEFICIENCY ANEMIA

régardless of prior iron status or therapy, with

average improvements of 4.4 to 8.7 points (Table .

2). After 3 months-of therapy, even though anemia
was reversed in all infants and hematologic meas- -
ures of iron status were completely corrected in 11

~ of the formerly anemic infants, no significant im- -

provement was detected between the scores at 12 -
and 15 months of age. The control and the nona-
nerpic iron-deficient infants showed no significant,
chahge in their MDI or PDI scores. No significant
changes from baseline BSID scores were seen either

‘by paired Student’s ¢ test within groups (greatest P

= .18 for controls) or by ANOVA of the differences
of scores between groups, (Table 2).

Specific Patterns of Failure

We evaluated the specific test items involved in
the raw score that yield the developmental index
when normalized for age. The MDI scores were
encompassed representatively by items 99 to 117
(Table 4) and the corresponding PDI items were 40 .

© to 52 (Table 5). If the Mental scale is reviewed, the

items that required comprehension of Janguage but
did not involve a visual demonstration were passed

significantly by fewer anemic infants than controls.




TABLE 4. Mental Development,lndex Results at 12 and 15 Months of Age

- Item No. and Infants With P
Description Passing Scores (%) Value®
' Anemic Control
99, pushes car along 56 77 NS
101, jabbers expressively 92 93 NS
102, uncovers blue box _ 31 47 NS
103, turns pages of book 69 83 : NS
104, pats whistle-doll, in imitation 44 63 NS
106, imitates words. (mama, dada)
at 12 mo _ e 13 47. - <01
at15mo -~ * 75 100 <07
. 108, places 1 peg repeatedly 28 27 NS
\ ‘ 113, says 2 words (meaningfully) '
at12mo - 0 7 NS
" . atl5mo 42 93 <.005
> 117, shows own shoes, clothing, toy
at 12 mo : 0 18 NS
at 15 mo 25 60 - <.07
“

* By x* analysis of absolute numbers,

TABLE 5. Psychomotor Developmental Index Results ht'12 and 15 Months of Age

Item No. and. ,  Infants With
Description Passing Scores (%) * Value*
Anemic Control
40, stepping movements 100 100 NS
41, pellet, fine prehension (neat pincer) 90 93 - NS
42, walks with help ' 85 97 NS
43, sits down from standing 67 ° C 94 .01
44, pat-a-cake, midline skill 82 97 NS
45, stands alone 64 . 93 .02
46, walks alone 38 67 05
47, stands up (from sitting) _ .
at1l2mo . . 3 7 NS
at15mo - - : . 42 80 .05
48, throws ball (forward fling)- - 59 70 NS
52, stands on left foot with help
at 12 mo ) ' 0o . 10 NS
at 15 mo 8 40 .05

* By x? analysis of absolute numbers.
On the BSID language development scores at 12
months. of age, differences between anemic and
control infants are most marked in item 106, “vo-

calization of bisyllabic words” (P < .01). The lan.

guage item 113, “says two words (meaningfully),”
was passed by too few-infants at 12 months of age
- for significant results. However, at 15 months of
age, the Mental scale appeared significant (P =

.005) when item 117, “shows shoes or othericlothing .

or own toy,” also became suggestive (P < .07). Item

106 continued to show a tendency (P < .07), partly )
because most infants passed the item at 15 months’

of age.

In psychomotor milestones 40 to 52, those items Sy
relating to balance in the standing position and .

body control (sits from standing, stands alone, and
walks alone) were done by significantly less anemic
infants than controls. Differences for items 47,
“stands up from sitting,” and 52, “stands on.left

L8

e ° -

foot with help,” were not identified at 12 months of

"age but became significant at 15 months of age (P

<.05).

Iron Status and IBR <

Of the 24 items evaluated by the IBR at 12
months of age, nine were rated significantly (P <
.05 or less by Fisher’s exact test) better by controls.
compared with their anemic peers: responsiveness
to examiner, responsiveness to mother; general
emotional tone, goal directedness, attention span,

acfivity, responsiveness to persons, vocalizations, . .

and body motion. Fu¥ther analysis of the IBR was
performed associating behavior items related to
“test affect” and “task orientation” as suggested by
Matheny.”® The test affect combination rated sig-
nificantly better in the contro! group vs the anemic

" group (P < .04). Abnormal “task orientation” in

the anemic infants was markedly associated with

-

R
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MDI scores less than the mean (P < :01); however,
only a marginal tendency was seen for anemic in-

fants with lower PDI scores (P = .09). \

Intervening Variables

No significant differences were shown between
the three iron status groups for mother’s age, num-
ber of pregnancies, socioeconomic index, birth
weight, weight, height, head circumference, -or
weight/height adequacy at 12 months of age (to the
50th percentile of National Center for Health Sta-
tistics tables) episodes of morbidity meatured at
home or clinic, and duration of exclusive or nonex-

clusive breast-feeding. Differences were found in

sex, with 'prepondergnce of girlsamong the anemic
infants. The food trial group also differed, showing,
not surprisingly, that most of the anemic infants
originated in the unfortified groups. Food trial as-
signment to the iron-fortified or noniron-fortified
products was randomly determined and resulted as
the strongest—and perhaps only—determinant or.
iron status of the infant. The educational level of

the mother was significantly better in the anemic -

group. High school was completed by 38% of the
mothers of the anemic group.vs.29% of the mothers
of the controls, and 21% of the mothers of the
nonanemic iron-deficient group. Percentages of
mothers who had completed primary grades were
50%, 42%, and 46%, respectively (overall x? = .001).
The remainder of the mothers had-educational lev-
els that corresponded to incomplete primary edu-
cation, but literacy was 100% because it was .a

requisite for acceptance into the food ‘trial. In a

multiple regression comparison using MDI (or PDI)
as the dependent variable, forcing hemoglobin lev-

els made all variables nonsignificant except height -

for age adequacy (P = .014). Hemoglobin level was
significant at P = .009 and explained 4.3% of the
variance.

DISCUSSION .

Studies of cognitive development are often flawed
by suboptimal control of'intervening variables that
influence behavior. Our population of infants was
biased by design. We purposely excluded confound-
ing influences in host and environment by selecting
a longitudinally followed, homogeneous group of
infants in an optimal state of health with the ex-
ception of iron nutritional status. The proximity of
the development scores to‘the United States norm
and the symmetry o cheir distribution was no doubt

a consequence of this selection, with elimination of -

confounding performances usually present in dis-
advantaged populations.

14 IRON DEFICIENCY ANEMIA.

Severity of Azemia and Developmer'!'tal Scores_
LAY v - .

The results of the present study cémﬁrmed pre-
vious research showing that iron deficiency anemia
‘has an adverse effect on psychomotor developmerit
ih infapcy. Iron deficits of a milder degree, those
not reaching the level of anemi¥; have no measur-

-

« able effect on BSID scores. Among-anemic infants,

hemoglobin concentration was correlated with per-
formance in both mental and motor development,
so that infants with moderate anemia (hemoglobin
levels 8.4 to 10.4 g/dL) had scores that were signif-
icantly less than infarts with milder degrées” of
anemia (hemoglobin levels 10.5-to 10.9 g/dL).
These, 'in turn, had poorer performances than in-
fants with normal hemoglobin levels (=11 g/dL),
with no graded improvement seeii at higher levels
of hemoglobin. )

If the effect of iron deficiency on behavior is
mediated by metabolic processes dependent on:the

. Presence of iron,.it" is' understandable that overt
/ anemia is'necessary to disclose these effects. Siimes -

et al® showed in an animal .model fed graded
amounts of iron that tissue heme proteins were not
affected until saturation of transferrin decreased
significantly. Hemoglobin as well as tissue cyto-
crome ¢ and myoglobin decreased steadily there-
aftér, showing that availabﬁity of iron to the eryth-
roid marrow was limited concomitantly to other
" tissues. Changes in iron stores (liver nonheme iron)
did not influence hemoglobin level or tissue heme
iron proteins. In humans, the stage known as iron
. deficient erythropoiesis—when iron availability be-
comes a limiting factor for- hemoglobin synthesis—
cortesponds to the moment when hemoglobin con-

7/47 _-

K

centration begins to decrease along with other tis- -

.sue iron proteins. However, overt anemia was
reached only when hemoglobin values decreased to

<11.0 g/dL for the infants in this study. Anemia

ensued," therefore, after a protracted and severe
period-of iron deficiency, ensuring significant de-
pletion of tissue iron proteins. Milder iron deficit
may be too little to cause sufficient tissue depletion

to be reflected in behavior. It may also*be the case.

.that the psychologic tests available for this age
group may be too crude for subtle deficits to be
identified. These considerations help explain the

" absence of coghitive effect seen in the nonanemic
responder population (subclassification of nona-
nemic iron-deficient group grade 3), which conceiv-
ably corresponds to the group of infants with lim-
ited hemoglobin synthesis soor ;b become anemic.

Duration of Anemia_

Infants whose anemia had a duration of more
than 3 months also had scores that were signifi-




cantly inferior to those of anemic infants whose
hemoglobin levels were in the normal range 3
months earlier, Infants who were .nonanemic,. but
were iron deficient at 9 months of age became those
who at 12 months of age decreased to the interme-
diate group (hemoglobin levels 10.5 to 10.9 g/dL},

having anemia of shorter duration and lesser sever-.
ity that was associated with milder psychomotor-

derangements. It is reasonable to assume that if
this group of infants were to continue with an iron-
deficient diet, their anemia would increase in du-
-Tation (and severity) and their psychomotor per-

- formance would deteriorate further. Therefore, in-

fants with anemia of longe: duration were also more
likely to have anemia of greater severity. These two
characteristics of anemia, duration and severity,

could not be completely individualized with the
current design. :

Anemia and Mental vs Motor Developmental
Indices

~ Throughout the study, absolute mental scores .

- were consistently higher than motor scores. The
explanation for these small, albeit significant,
spreads is not clear; however, a similar distribution
was also seen in our previous. study® and reports
from Gudtemala® and Costa Rica.” In our study, the
lower motor performance scores were less marked
in the control infants. Solomons® compared BSID
norms from 1 to 12 months of age to those of infants

from Yucatan, Mexico, and found that the scores -

of the latter were similar or slightly better than

those of US infants-until 10 months of age, when.

they crossed over and became inferior. The poorer

performance of Mexican infants was more accen-

tuated in the motor items. Iron status was not
evaluated but it is conceivable that children from
Yucatan had become anemic by 9 to 12 months of
age and that these differences, mimicking those of
our study, were, in fact, secondary to iron-defi-
ciency anemia. The alternative explanation is that
stimulation of motor milestones related to theonset
of walking is culturally unheeded in Latin American
societies. - -

Short-Term Iron Therapy | i

Short-term therapy, before reversing the ahé;nia,
was aimed at immediately correcting the availabil-

ity of iron to processes of neurotransmitter metab-
olism that are hypothesized to mediate the behav-
ioral derangements seen during iron deficiency.? In
- our previous study,® we found significant improve-
ment in the anemic infants after 10 days of oral
iron, whereas no difference was noted in the nona-
- nemic infants. However, doubts were raised in the

X

. importance of appfopriate controls. Similar results ‘0 y*

_ other reactions not directly dependent on iron i
availability, are responsible for the derangements R
seen, a longer period of time may be needed for the J-

that approached those of their nonanemic peers,

tended to occur among auemic infants with less
severe iron deficiency whose scores were less af-

Jleveling of their marks in relation to those of the
- fully corrected anemic group. We did not find im-

_issue of reversibility of cognitive deficits unre-

.of iron deficit in early life are evaluated raise con-

interpretation of those results that did not include
placebo-treated infants, because neither regression
to the mean nor @3 effects could be excluded.
In thisdou_ble-blin& study, the increase in scores .
among iron-treated anemic infants was. not signif-
icantly greater than that found among placebo: Wl
treated anemic infants. The same was true for the W
other iron status groups. These findings show the ¥ 4%

were encountered recently by Lozoff et al” support- ’rq"‘}/ % g3
ing the assertion that short-term iron therapy does '
not exert .a change in performance beyond what x.ﬂ'ﬁ
could be explained by a “practice effect.” :

Long-Term Iron Thérapy .

After 3 months of iron treatment the hematologic
status of many infants had completely correct,ed,\
and in all it had improved markedly, reversing the} : B
anemia. This stage represents tissue replenishment

of iron and ensures renewal of those iron enzymes

that have turnover times similar to or shorter than o~
those of hemoglobin. If these tissue iron proteins -

were responsible for developmental test. perform-

ance, the scores of anemic infants should have
approached those of their iron-replete peers. Be-

cause this did not-occur, it is probable that either

correction of those iron-sensitive behavioral proc-
esses, or those processes are, in fact, irreversibly
damaged. In the only comparable previous study in
which the effect of correction of anemia was eval-
uated,’ anemic infants in whom all iron measures
were corrected after 3 months of therapy, had scores

However, those investigators,’ provided evidence
suggesting that this effect could also be explained
because complete correction with iron therapy

fected by iron deficiency. The nonanemic infants !
showed a decrease in scores that contributed to the

provements among those of our anemid¢ infants
whose iron deficiency was fully corrected (11 of 39),
nor a decrease in the scores of the nonanemic
infants. However, we also observed a difference in /\
the effect of severity (and duration) of anemia on
BSID performance. These considerations leave the -~

sol»;ed. Moreover, the only two studies in the liter-
ature, albeit retrospective, in which the late effects .
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cerns regarding the persistance of deficits. Palti et
al”® described the results of a follow-up study of
children who had iron-deficiency anemia in infancy.
- The hemoglobin levels of these infants at 9 months
of age were correlated with IQ test scores obtained

at 5 years of age. In another study described by .

Cantwell in abstract form,” infants without anemia
- were compared with infants who developed moder-
ate to severe anemia at 6 ta 18 months of age. At'6

to 7 years of ‘age, children who had been anemic

were-less proficient at balancing on one foot, tan-
dem walking, and repetitive hand or foot move-
ments. These mofor balance-coordination defects,
although not followed by a full presentation, coin-
cide with the areas affected in our anemic infant
population. Additionally, animal studies designed
to be analogous to our study.in time scale with
reference to brain growth and maturation show that
. brain iron deficiency induced early in life did not
recover even after long-term iron administrati_on,”
probably because of slow iron turnover,” and that
this model presented permanent electro-
physiologic* and experimental behavior abnormal-
ities.*** This evidence from experimental animal
studies added to the human studies presented pre-
viously increased our concern regarding potential
|| long-lasting effects of iron deficiency anemia in
early infancy. .

IBR and Patterns of l:’ailure

The IBR findings in this study expand. our pre-
vious findings® and those of other investigators.*®
There were no appreciable changes in the IBR after
iron therapy, which correlated with the lack of
~ change in developmental index scores. This fact

lends support to the hypothesis that the unfavora- .

ble behavior pattern of these .infants may be a
mediator of the poorer BSID performance. If this
contention ‘were true, it should have probably af-
fected individual items in a random fashion. How-
ever, in this study, item performance failufes had a
consistent pattern with preponderance of language
in the mental items and body balance-coordination
items in motor skills. The reason for this selective
effect remains obscure. Moreover, these findings
coincide closely with results from recent research
in Costa Rica’ that, with a different study design,
show similar selective failure patterns. This agree-

ment is reassuring in that it ratifies our findings. It .

is disturbing, however, becguse no consistent im-
provement after short- or long-térm iron therapy is
shown. ) ;

In summary, developmental test performance in
infancy has now been conclusively demonstrated to
be impaired in children with anemia due to iron
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“balance and coordination development leading to

{‘4.6

-

deficiency. No abnormalities are detected in iron
deficiency of lesser severity (or duration) not man-
ifest as overt anemia. Among anemic infants, both
severity and duraQon of anemia were associated
with poorer performance. Short-term iron therapy,
correction of anemia, or even complete reversal of
iron status to normal values with long-term therapy
did not yield improvement of cognitive abilities.
The selected areas most clearly affected were those
of language acquisition and proficiency in body
the erect position and walking.

If extended term studies continue to show that
children who were anemic as infahts are disadvan-
taged in relation to their iron-sufficient peers, par-
ticular efforts should be made to prevent iron deficit
in the vulnerable infant population, because iron

therapy alone seems ineffectual in reversing devel-

opmental losses.
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ERRATA

o

In the-article, “Cow’s Milk Whey Protein Elicits Symptoms of Infantile Colic
in Colicky Formula-Fed Infants: A Double-Blind Crossover Study,” by Lothe
and Lindberg (Pediatrics 1989;83:262-266), there was an error on page 264. The

second sentence in “Results” should hav

based formula cried 3 h/d or more.

e réad: Infants receiving co_w’s milk-

In the article, “Routine Chest Radiographs in Pediatfjc Intensive Care: A
Prospective Study,” by Hauser et al (Pediatrics 1989;83:465-470), there is an

error in Table 3. The results in the second column should shift down one line
(no No. or % corresponds to “Malposition™).

ARTICLES 17

ST s






