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’ , Abstract : B

A recent HEW report has suggested that iron deficiency anemia
may affect 15-20% of children. under 18 years. Young children -from -

low income families may be particularly vﬁlnerable to developmental

effects such as- irritabifity aﬁd attentional and cognitive deficits’

"* which have been clinically reported in iron deficient subjects. The
. s . &

= - I .

present study investigated both the coénitive and behaVioral func-

tions associated with iron. defic1ency anemia in infants and toddlers

ot e

and the short-term effects of therapy on such behaviors. The subjects

were randomly assigned tq a treatmeng and control group. The Bayley
Scales of Infant Developmeht were administered before the institution

of treatment with intramuscular iron or placebo, and the test was

"o &

readministered in 5 to -8 days. children treated with iron showed a
+ ’
- . e .' ; .
‘significant increase) compared to the controls, in their scores on
;he Mental Development Index, averagihg a mean gain of 13.6 points in
} .

- a mean time of 6.8 days. The treated group was also found to become

-

more alert and respon51ve and denonstrated 1mprovement in tests of

gross and fine motqucoordination. *These findings support the hypo-

. v
I3
.-

thesis that iron defjciengy in infants producesg developmental altera-

-

. : <
tions and that these changes are rapidly reversible witﬂ.ifsr therapy.

‘
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.Developnental Scores of Iron DefAfién Infpntn
and the Effects of Therapy .

s -

Y  Irom anemia is a condition vhich may often go undiaknoseq%in\

routfme pediatric éiEhinations.. Yet sode ‘reportef;ave suggested

/ - ,
that iron deficient subjects have psychological deficits, such as .

Yover IQ scores, Qecreased attentiveness, regtrictEd pef;eption. ‘
an& impaired performance on measures of iqtency and associative
reactions (Howell, 1971;‘Su1zer, ﬁesley & Leonig; 1973). .In a
-recent atudy. young adolescenta wvho were iron.deficient vere

- *

found to be more dieruptive. irritable and restless in the clase-

L] v i

room and to score lower on tests of acadenic_perfornance than "
“thetr non-gnm controls (Webb & Oski, 1973, 1974).  For. some
years, physicians have had the clinical inéréaeion that frrita- ~
bility 18 one of the characteristics of, the iron deficient subject

(Hmer. 1969). B - .

. Most studies to date- vhich have attenpted to link iron deficiency

anenia vith negative paychological and behavioral findingc have
dealt with populationc of older children and adolescents. In

addition, all Jron aneaia dtudiea have been critici;ed as suffering

4
fron serious flavs in experinéntal design (Pollitt & Leibel 1976):"

If the benaviornl effects of iron deficiency anemia are

¢
.

<
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»
proninent and negative. then the ilportance of directin; research
~efforts to a, population of very young children can be\fer be
nnderstood Enotional and cognitive develop-ent a;\e closely inter-
related in infnncy (ngu 1970, Lally & Manig, 19753 Kohlberg, 19@8).
Thus, disturbameo in emotional beltavioro or attention span which
hnve been attributed to iron deficient snbjects lay quite possibly
'\ entail impairment in cognitive devel:opnental functioning as. vell.
In the present study, ve bave chosen to otndy cognitive and

. »

emotipnal behaviors in a sample of infanto identified as iron

.

]

deficient in the course of’ their attemdance at a hogpital clinic
tha ervu_:n low-income population. Such a-population may be
par'ticuloriy vulnerable to dietary deficiencies which can lead to

{ron aneafs. The purpose of ‘the study vas to {dentify any develop~

‘mental deficits associated with iren deficieacy anemia and to study °

thp? affoctl of treatment on cognitive and emotional functioning .of
" the infants. . . ‘ ; ‘ :

‘

' Sﬁb[ectl LT . . o *

'rionty-four infants (ranging in age from 9 to 26 months) were-

v - A . -
- Selécted for study from the Pediatric Ambulatory Department at the
State’ University 'Boapitni of the Upttato Medical Center in New York
‘ . :

13

K4
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'vncvclop-enul Scorco
¢ 4 ;‘ .
' State. Occupational scacus of ‘the parents was ‘quite sisilar for all
1n£anto. Most of th rcnts wvere unenployed. The others held
» unakilled or oenisk:l ed }obo such as factory oacker or vaitfess. The
mean number of yearyg of education for the pareats was 10.6.
‘ All ;ubiects were iron doficient and anemic ad judged l;y the
following criteria: hemoglobin of less than 10.5 gn/dl; McV® of
) 73 u3 or less; serum iron concentrgtion of 50 ugram/dl or.less; and
serunm transferrin 'saturation‘z of 127 or less. All subiecto were free’
of intercurrent 1llness :: the time of study, and none had .a recogniza- ‘
ble chronic 111neas. All had blood lead concentrations of ‘less than
) 30.ugm,/d1. Dietary histories of the infants in this study ':Lnd:lcated :
that all" infants were bot:tle fod 'a'nd none had been bteaot fed.
. After obtaining informed parental: consent, the iron deiicient
infancs vere rando-ly assigned efither to tho control group or to

the experimental group irL accordance with Canpbell and Stanley s

v

—(1966) Pretedt-l’osttest Com:rol Group Design 4

As cah bo seen in Table 1, the control and experinencal

o )
T

4 N . -

Insert Table 1 about here

C . ", - y N
= ’ ) 4 * . ' - ’ ) *
groups did hot differ with respect to sexual or racial composition

or mean qducation level attafned by: parents, The ;ange of m}ét‘nal -
. . .,
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education differed somevhat due entirely to one cqntrol notﬂr who
had had no formal schooling.' The control ‘and .experimental grgups :
vere-sinila.r vith respect to age, wveight; initial hemoglobin concen-
tration,— Led ’:Eirnd‘—mem iron and percent ‘transferrin sat:;u;ation. )
Mean mmber of days elapsing betwee*test and retest differed
so-ewhat between the Wo groups due entirely to one control ‘subject
whose parent vas repeatedly unable to keep appointnents 8o that the '
retest interval for that child vas 30 days. - ’
Procedures

Bemawlogic deteminations for each infant were perfomed on a
éodlter Qounter. Model S. Serum iron and _toul iron binding capacity
were' performed by the method of Jung 'and Parekh (19‘7(_)).

All gubjects had two psychological examinations with the Bayley

;Scal.es‘ of 'Infant Development (Psychological Co'rporﬁt:lon,‘ 1969) ..
"Both the Mental Scale and Motor Scale were adMéJ and the

Infant Behavior Record completed at eadh pre and postééiting '

session. During eury e:a-inat:lon. at leagt one pa;:ent m

Every effort was made to -aintain optinal testing conditions.
/

When necessary, this meant bottle feeding the infant or spepdingﬂ

sufficient time to beldiche 1nfant feel fully st ease in the .

testing situation prior to examination. Neither' the examiner (ASH).

~ . nor the nurse who later administered injections was informed

v

.. - ' a
.
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as to which group any infant belonged ‘until’-the test-retest battery-‘
N ° . ' . )
was completed and the Bayley protocols had-é}en scored.,

A Following the jnitial psychological testing, in order to con-

4 +
» . .

trol for any unknown effects of ;h\injection procedufe, the con£r01

group received a placebo of.sterfle saline intramuscularly while

- [4
-» -
rd . e . ,

. A
the experimentﬁl group, received an intramuscular injection of an

I3

iron~dextran complex, Imferon. Ehe dose 4f intramuscular iron was,
.~ ’ . - -

‘.

-calculated to provide sufficient iron- to raise the hemoglobirr-level

~to 12_gm/dl and ‘provide extra irdn to' replemish body iron stores.

~ -’ . M

Appointment$ were made for parents to bring their children'back for
a second visit within 5 to 8 days of the initial testing visit.

During the return visit, immediately éfterjthe psthological exam- .

ination, subjects who had initially received the plétebo,were also

I3

treated with intramuscular iron.

Results

-‘Peveloprmental Scores .

- s - .

Initial Bayley scores for'the Mental Development Index (MDI)
‘ -

and the_PhysicaE’DeveIOPment Index (PDI) were similar in the ;WO':

- . B

\
grousz(Tapée 2). Following irohféherapy, xperimental group

. \ - x4
- - . - N : s
i S

*
»

- insert Tabie‘2'éboﬁt!here
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denonstrated a significant mean gain of 16 poinf.s (p - 01) on their _

MDI. At test of th‘e ontrol group's gaiﬁof 6 MBI pointo on retést
NS

was not aignificant. .gt test of- the mean difference in Eeat- ’-

»
-

0

) retest scores letween experd.menb;l and control infants on ‘the Henl:al(z ’
-1,
Developnent Index was significant at p'< 05 1ev&1 "FPor’ the Physic&l

\

vgloynent Index (PDI) there was a mean gain of 11. lo points for

experinental infdnts A t test indicated that this difference did

I\\/

not reach statistical significance (p = .10) and neither did the

- A
control ,group's mean retest gain of 3:7 pp1 points.

’AA(A

Cet In the experinental group, 8 of the 12 subjects gained an

[)

' increa{e o‘f-*lo or more, }161 points on the retest Vhile only 3 of

the 12 cor rol. subjects reg:lsteéd such an inctease ( = .05).

-

Thuo. on the ipfant developmental tento, the experi-ental group

’

clearly iq)roved in cognitive scores, in oonparison to their non=

Q -t

treated controlo. within one week of. receiving‘ {ron treat:lent.
In order to check further :Lnto the relationship betveen
"{ron aneaia deficiency and the changea obeerved in cognitive

function, a Pearson’ correlation coefffcient was conputed between
]

the mgnitude of the MDI changc scores frqn pre to posttest and
~

the nagnitnde of the initial he globin 1eve1. No relationship ‘

between cbaoge in score and initial hemoglobin level was found

for cootrol infadtg. In contrast, ‘there vas a strong” iuveru»’ >

. -
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correla‘tipn in ,.the i'ron treated group—between magnitude of increase

MpI, scores a,nd- initial hemoglobin level (r= -0.72, p= .01).

.
-

.
¥

to the tester, thi,s correlhtiOn aga(i tends to confi,rm ‘that iron

e

S/ce the- initigl étatus of severitygf ironwdeficiency was unknownr

therapy m%r,be responsible for poaitive changes in development,a.l

. - : o
test, scores, particularly %‘or those infants who, are initially -

.

1 ’ - ’ . )
most severely at Fisk ﬂor_\ii:'on Meficiency 4nemia. ° .

* -~
. [ . . -

- Spec}if&c itens on the Bayley Infant Behavior Record ware

' analyzed, to prpvide information about noncognitive behavioral-

. 1 AR

\areas’ wheré decrement in- functioning hast..h.een clinioally sus-

. N . . ' ' .
pected., - . . .

a N Al

~ Since irl\ftability has been identifi'ed clinic&l‘.y as a
possible conc0m'1tant of)iron defi&ie,ncy, an analysis of Bay»ley
'Ttem 15 (Reactivi,ty) ts of particular interest - quan€§ are

rated as -underreactive (scores 1, 2, 3, "#), normally alert .
and responsive to “the test situation and materials* (scores 5
\ - -

®

6, T), or ‘overreactive 'anh overly sensitive to stimuli in
[4 . . ’

the, test situation (scores 8, 9). The majoMty of the ’i‘ron"

N . ‘

& PY .
. 1 . _“
. r
4 -
.t v
» : y
a 4 ‘o
)
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of our sa.mplj
J , B

changes from p

-

4

Table 3 s?ows that th?re
. ~

(4

. » s .
Jscores of 5, 6, or 7, which represent the normal range
' a4

were positiive

~

t

‘ Insert Table 3 abou} here

N .

T

"' .such that ratings of 4 of the 12 experimentaf infants
- . ‘ . ) .

~“ﬁormal alertness and'responsivehe

’

e L “

E e 1
.one, case,,

pogttest, véry low reactivity to

.

-~ - .

B o~

test stimull and,
- - <

Y . .
-changed from abnormally reagtive on the pretest. to

or a posttest rating in this normal range. On the

in

overexcitability charaé}ergzed the Tesponses

‘<~ "5f 11 of. the i2_control infants. Only four of tPe

-" - 5 ‘ A
',ﬁéxperigental‘infants were scored as rather insensitive -

. ~:"’i'eaétive on the posttest.* .The Fisher's

* v ¢

*

ﬁfobabilit& ﬂer:these differences is p =

—_ s

N \\‘- - .
. y . v ‘

AN A 4

»

7to/;he ubual tegt.étimhli, and nene was. scored as over-

exact ,test

018,  --

- ' N

J -

9

~ deficient infants in both gitoups did not achieve pretest

¢

ss at pos@teét. Only’

EY

. - ahd the modal“score'nationally for infants in the age g}oup

re to posttest among the experiméntal infants .

- “one Gf the 12" contro¥ infants recelved either g bre%est - !

& o
) ¢
.\'
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ciency anemia. .
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b w

7 L4
.
B4 .

. T

_Bayley Item 12 (Attentioh Span) was ‘also. analyzed since this
s LY RS
behav10ral ,character;stlc has ‘béen c1ted as affected by iron defl-
L . .
Bayley norms. 1nd-1cate t:hat nationally more’ than

. . .
.~

.

80% of infdnts in the,age range of our sample &ttain ag adequate .
‘ S~ . . S

~

or spyperior rat’@'n'g of attention span (a's%ore of $~or hi.gher on’
Y. . : > ' -

[ R *
10 of the’ 12 controls an.d
e

. , —
the nine point scale). ,On the prqtest,

6 of the 12 experlmentals scored below the’ modal national scoré of

. Thus ’

.o
5.

- /—v"

, .
that #*ron-deficiency 1s.assoc1ated with impaired attentlon. span.
AY

[}
.

. ] .
. : . \ Ve Ny e e s
Bowever, on posttest,\g..,controls and 5 experlmentals still scored

-

L

thesa data are somewhat supportlve St the hypothes1s ‘.

‘ .
below 'the national mode,

-Thus, our results do riot support the,

° - -

. thypothes1s that 1ron therapy l€ads protnptiy to_ behav1o;qi\changes

. .
.

[}

toward increased adequacy of attention sparr in infants. '
A \ <
oo . . . R . .
. In.téresting changes in the motoric competence of the ipfants

- . - .
= PN .

-

NN

2 L]

< . were reflected’in the scores for Bayley Scale 26 (qurdination of

GLess, Muscle Mo'Vements) and Scale 27 (Coordlna‘t:.on of, Fine Muscles)

- - ~ 0

. .

én the pretest (that is.,,sco}es, of 4 or 5on a 5 point scale where

L . : , . - » .
5 was the poorest and‘l was the best coordination score). —«On the

- ) R - . . N . ,

‘e * . ;‘ . . [ ! \
. pogttest, this ratio remainﬁ‘(e same for  the jc:ont.rol group, but °
N ’, ’ . Rk .
. a ’ ) - Y \
J ; ’ @ . ’ j .
- ’ - .
I - . v '
. . L} ¢
* . ) N = . 1 ) ! - .
- ¢ - U e \-" -

who re'ceivfdx,lron therapy were suggested by gxe data. Thesé changdes

2
“e

Half of”“the 1nfants in each group recexved a p?.or gross motor rat1ng

a

J
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. o R -7 Ll

. v only two of the 12 experimentals still performed at the poor~ '
‘ v

est le\zels wlth respect. to gross motor coordination (I\: 6.6h, .

! [

p=.01) : v T L

- Changes if the fine mator coordinati on ratingshas'a'functi’&h*

of iron therapy ;v'ere equally j.ntersting. Seven controls and sfi.!*

. . « " ’“‘*
P i expegimental infants on the pl‘etest attained the poorest scoge,

6{; . 5 (on as point sca where l,is the best sco{e) On the posttest
,l,ﬂﬁ' %ﬁ‘ P ‘ [
em ) - only’ l experimental infant in xcontrast ‘to 5 controls, sti,ll re- -
» eI
¢ " . ceived the poorest score (I— 5e M’ = -CX?) Thus; our data [
A T foo .
¢ do suggest a tendency for iron anemia to be associated with
‘ -

o 7 P

¢ one block atop another in the pretest but within a week after iron'

P« . ' therapy was able to build a %hrgerb.lock tover. L,
- .. ] - . .

/ ( S Discussion L Yoo

. . ' v ' Fa . _" v

" This study demontrdted that t"reatmént,' of iron defieiency in
- * Qv > t
:_ ) young children produces a quantifiaiale_ improvement in measures of

psychological performance within okjeek. Improvement wag par-
R _ ticularly found ‘on the Mental Development .Indéx of the Bajrle}; .

Y & . . v
" . Scgles of Infant Development. . "

-

There was also an increase in the number of experimenta.l

infants characterized as;normaily reactive and alert to the tést
w . . 1] - L

.
b4 . g N ” »
. .

@\

’ . l'g
¢ . N ,,.‘ -
" . .
. .

-

e " % coordination deficits. Clinically, for exam'ple, this could be seeq«

- ~h the qase of one infaht who persisted but was hot able to plaée”’ 7
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T2
. . .
‘. . ‘ . ) .

stimuii ‘and situation on the pqsttest; The pretest scores of- a

\>< majorlty of the iron deficient infants were predominantly under- .«

-~

;reactive. This' lack of reactivity to test stimuli could be in-

S0 prominently as a clinical 1nd1cator of iron anemia deflciency.

- -

Hoﬁever, clinical irritability'does not preclude a relative,

"tuning out"»by infants ‘of 'the, tasks and presentations of the

testing 51tuation. Indeed during the examinations, a lot i're

effdrt was often required by the tester to induce iron deficient o
infants 1o respond to ‘the test toys vhich are generally highly

attrastive.to infants. The tron- deficient child has been olinically

s

characterized not only as "irritable" but also ag listless , '25 -

- and typically showing "a lack of 1nterest in surroundings' (Mauer, .

-

1969, p.’205). Thus the present findings are consistent.with

{ .t
Whether the findings of significant improvement, following iron

clinical medical julgments.

L
»

therapy, in overall gross and fine motor coordinations, are- more
S .

thanwa chance occurrence among 29 Bayley Behavior Record items

scored, will need to be evaluated in further studies ofinmp—deficient

{nfantk, s ’

' terpreted as contradictory to. the "irritable reactivity" méntioned )%
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The seriousness of the problem of iron deficiency. as it relates

- ’
to child development rust be considered in ‘the right:of recent

- . .

- welfare (1972) that approx1mately*15—20% of chlldren in the Unlted_‘

- . i

States'under the age' of 18 years are iron deficient. The 1nc1dence

of iron def1c1ency 1s highest among lower socioeconomic groups.

.Infants one to three years of age are-particularly vulnerable since
.t . EY

caregivers may not be aware ofwthe nutritional needs of infants for

‘

iron in the diet. Also, high irritability plus lack of'responsive-

ness to proferred toys and games” or“e part of the iron anemic

"infant may adversely affect the quality of adult caregiving and

’

assertions By the United States Department of Health, Educdtion -and ..

‘'social interactions the infant subsequently receives. This distore. -

r .
* tion in the caregiving pattern can place an infant even further
deQelopmentally at risk. Some support for lohg range effects of

" deficit have been reported. Cantwell (1974) found that children

.
]

* who were iren deficient between 6 and 13 months of age were found
at 6 to 7 yegrs of age to be more clumsy, less atteative, and more

[ A LN

L 4

hyperactive than’a similar grqpﬁ of children who were nqt iron de-

4

ficient during the first W years of life.

Our stuéy suggests thatndefigfts in cognition and emotional

reactivity may be rapidly reversible if treated during the first-

-4

»

‘-
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{ {o years of ],1!9.‘ !‘urther rgsi;ar;:h

optimal.

Y ¢ £
“’ ke r‘
LU | -

Development Scores
e 14

eater mmbera of infants

is needed to confirl éhis finding. Cert nlg il: also remains to

be denqnstrated if deficits are always éorrectible after io$te{l
iron deMciency.‘ CGrta:l.nly. it would be entiuly nnethical to
'depr:lve & control group of iron thérapy for-a leugthy ti.ne period.
Thus it is difficult to speculate on thc questiou of whether rapidly_'r
reversible effects are sustained :ong experiuental Anfants in 3

compariqon to*controls. Whether thé effects of i.ron therapy arc
a . - - P

sustained over a lengthyf‘tj:ng period a-oftg treated subjects 1is

also of interest. Follow-ap data of this nature ve're, however,
not avaiiable for these children.' ‘In any case, the implications of ,
this study should alert cape-giving persomel to the importance of ~

o . .
eayly check-ups for iron deficiency anemia among infants, '

- ‘particularly vhere developmental growth patterns do, not appest - l

'S -

P : .
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Footnotes

'

.. . L .
or Mean Cell Volume, ‘h a measure of the.size of the red

B

cells. Patients with iron 'defic:lﬁ_cy anemaia have small

*

ved cells.

.

-A lw serun tramsferrin~saturation iyid:[catec ;he presence of.

Aruitoxt provided by Eic:
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e Table 1. 5T
R 7 ,In’itiél Characteristics of the . \
. - ! Control and Experlmental Groups ' i /
Characterlstlc i ) Control (N = 12) Experlmental (N =‘12)
19
Sex L N ' ' ’
Male » - 8 ) o _. ’ ‘8
I'd - K
Female N o 4 . 4 .
’ L J }t % .
Race i = )
- . N . . < . ’ -~ . N
Bllack ) fe ' 6 \
. White ' 6 . . 6
" Mother's Education (years) 10 10.5
N < . " l’
L (0 - 14) - (7~ 13)
S . | T
Father's Education (years) , 1 ; 11.1 .
) (10 .~ 13) (9 = 14)° i
; Vieight (kg) / 11.30 + 1.32 11.94 + 1.37
(8.6~ 12.4) « (7.9 - 12.8)
. Age (months) } -7 14.37% 3.45 - 16.29 + 3,57  °
»
- M " * ¢
' . (9 - 19) (12.5 - 26)
Hemoglobin (gm/d1) 8.95 + 0.86 - 8.73 + 1,09
) - (7.6 - 10.1) (6.2,~ 10.3) -
Serum iron (4gm/dl) 25.3 + 12,0 . 5.8+ 11,3 + “
) (6 - 39) (13- 51 ¢
' t ’ )
. i . . V'
v . ' {
N ) ,
. \ .
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. T \ \ -(Table 1 cont'd.) ‘
: L .
<@ * . .
o Characte‘rist{c ' =  Control (N = 12)

Experimental (N

4.95 + 2,0

Transferrin saturation (%) 5.41 + 2.7 *
8 o -
' . , , ) f1 - 11) - " (2 - 8)
Vo3, . . _— f
MOV (W) . . -, . 60.0 + 6.5 56.6 + 5.5
v A " - ... H.-\
’ - (54,~ 73) (49 - 67)
, Days to retest 9.75 + 6.6 6.8% + 1.5
T (6 - 30) " (5 - 10)
n . @Talues represent, mean plus or_finus one standard deviation..
. «  Values in barentheses represent range of values. R
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Developmental Scores

Table 2 -

T
Bayley Test Scores®

q et

Group and Test ’ %% Pretest Posttest
. 1 £ . » ’

Control " ’ *

- e '
Mental Development Index 90.58 + 15.00  96.66 +*17.36
I'd

& (64 - 112) (68 - 126)

- . -

Physical Development Index ,93.08 + 16,5 , 97.25 + 17.21
. ' (61 - 1100  __ (65 -+ 119)
\) . ] —

Experimental \‘l ’

E X ] coo .
Mental Development. Index 96.25 + 9.82  109.83'% 9.18 .

. -
M ’

‘ (83 - 116) (97 - 122)

.

Physical Dévelopmqpt Index 96.41*1 12.68 107.4l*,_+_ 14.06

- : (76 - 118) (85 - -125)

I e e bt L S pU S, Uy S

m— O e ~

aValqes represent mean plus or minus one standard deviatiodf.

Values in parentheses represent range of all values. ‘ 4
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Chanééé from Pre %0

TABLE 3

-

Post%espvin Reactivity aggreq v
) 2 N

on the Bayley Infant Behavior Record

.

-

2

-

J
" ©
A Y
. Bayley Rating
¢ g{ 'lr. 2, 3,

(Unreactive ;

h test materials and

3
7
. A

4
i

5

" responds only to
strong and repeated stimulation

sentations. )

. c
e B S T

0

(Moderate to quite alert and

responsive. )

8, "

W

P
Loy

9

N

~

(Overexcifgble; startles
n%g sensitive to

quickly; ove
stimulis, )

-

~

J

Control Group

k-

-

-

-

-

Pre

-

.

Exau_imsm}m

—~ -
Post
10
. . '!F
¢l -,
'd
1
‘ .
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