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Abstract

Seventy-two healthy infants (37 males, 35 females) attending a private well baby clinic
were enrolled in the study. Their mean birthweights and body weights at one year of age were 3,079
grams and 10 kilograms, respectively. Blood samples were drawn approximately on their first
birthday for evaluating the iron status. Complete blood count, hemoglobin (Hb) typing and DNA
analysis for common carrier status of thalassemia and hemoglobinopathis were also determined.
According to the infants of serum ferritin, the patients were classified into 4 groups: group 1, iron
deficiency anemia (Hb <11 g/dl and ferritin <12 ng/L) in | infants (1.4%); group 2, iron deficiency
without anemia (Hb >11 g/dl and ferritin <12 ng/L) in 5 infants (6.9%); group 3, borderline iron
depletion (ferritin 12-30 ng/L) in 39 infants (54.2%); group 4, iron sufficiency (ferritin >30 ng/L) in
27 infants (37.5%). The iron deficiency state emerged as 8.3 per cent (6/72). There was no signi-
ficant difference of levels of Hb and mean corpuscular volume (MCV) among the infants with iron
deficiency without anemia, borderline iron depletion and iron sufficiency.

The results also revealed that 25 out of 72 (34.7%) infants were carriers of thalassemia
and hemoglobinopathies. The carrier infants had significant lower Hb and MCV than those of the
non-carrier infants with the p-values of 0.004 and 0.000, respectively; while their serum ferritin
levels were not significantly different. Additionally, the association of carrier and iron deficiency
state was further evaluated. The Hb and MCV among carrier infants with and without iron deficiency
were not significantly different. Six infants with carrier state were found to have slightly decreased
levels of Hb ranging from 10.3 to 10.9 g/dl with the ferritin ranging from 18.7 to 382.9 ng/L while
the remainders had Hb of >11 g/dl. Therefore, 7 out of 72 (9.2%) infants had anemia (Hb <11 g/dl)
which was caused by the carrier state of thalassemia and hemoglobinopathies (n=6) and iron defi-
ciency anemia (n=1).

The risk factors of iron deficiency status were associated with feeding regimen including
continuation of breast feeding until one year of age without adequate haem iron supplement, exclusive
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with a p-value of 0.000.

formula feeding, inadequacy of solid food supplement with only one meal per day and excluding
haem iron from animal liver without substitution. The infants with risk factors had significantly lower
levels of serum ferritin (mean 14.1 + 1.7 ng/L) than those without risk factors (mean 31.9 + 1.9 ng/L)

In conclusion, adequate haem iron supplement in 3 meals of solid food is essential for the
prevention of iron deficiency status in one-year-old infants.
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Iron deficiency anemia is still the most
common nutritional deficiency worldwide and affects
two-thirds of children in most developing countries
(1), A recent national study in England showed that
12 per cent of 2-year-old children were anemic,
rising to 21 per cent in Asian immigrants(2). In Thai-
land, 21 per cent of 2-year-old children were found
to be anemic in 1989(3) and decreased to 15 per cent
among children younger than 6 years old in 1996(4).

Iron is an essential component for brain
growth. It is needed during the early and rapid deve-
lopment of the brain and different cells within the
brain continue to need iron for many ongoing pro-
cesses especially in the infancy period(5). In humans,
persistent cognitive impairment was reported among
children 5 to 6 years of age who were anemic during
the infancy period although their hematological para-
meters were corrected(6). Since these changes may
be irreversible, the most practical prevention of iron
deficiency anemia is to provide adequate iron-forti-
fied food or iron supplement.

This study presents the iron status of one-
year-old infants attending a private well baby clinic.
The carrier state of thalassemia and hemoglobino-
pathies was also determined since they also presented
with normal or subnormal levels of hemoglobin.
Moreover, the prevalence of carrier state among the
Thai population is extremely high at 30-40 per cent.

Therefore, a complete hematologic study will be
helpful in determining the cause of anemia among
the studied infants.

SUBJECTS AND METHOD
Subjects

Seventy-two healthy infants, who attended
a well baby clinic at Pativej Pahonyothin Private
Clinic, were enrolled in the study at the age of one
year. After obtaining informed consent from their
parents, 5 ml of venous blood was drawn from a
peripheral vein at approximately on their first birth-
day. All of them were in good health without con-
current infection at the time of blood sampling. The
parents and caregivers also provided details of milk
and solid food given to the infants. Their physical
examination and developmental evaluation were per-
formed by one pediatrician (A.C).

Laboratory tests

The complete blood counts (CBC) were per-
formed by Coulter based on electrical impedance.
Serum ferritin was determined by microplate enzyme
immunoassay described by the manufacturer(7),
Hemoglobin (Hb) typing was assayed by high per-
formance liquid chromatography using Variant TM
from Biorad. DNA analysis of four common carriers
of thalassemia and hemoglobinopathies including
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alpha thalassemia-1 of Southeast Asian type (--SEA),
alpha thalassemia-2 of rightward (a3.7-) deletion and
leftward (04-2-) deletion and Hb Constant Spring
(afSa), was determined.

Anemia was diagnosed by a level of hemo-
globin of less than 11 g/dl. The iron statuses(8) were
divided into 4 stages based on the levels of serum
ferritin and hemoglobin including iron deficiency
anemia (Hb <11 g/dl and ferritin <12 ng/L), iron defi-
ciency without anemia (Hb >11 g/dl and ferritin <12
ng/L), borderline iron depletion (ferritin 12-30 ng/L)
and iron sufficiency (ferritin >30 ng/L).

Statistics

The levels of serum ferritin were computed
to be log 10 and expressed as geometric mean. The
comparison between the mean of the groups of
patients was calculated by unpaired r-test or one
way ANOVA. A p-value of less than 0.05 was con-
sidered significant.

RESULTS

Seven-two healthy infants (37 males, 35
females) were enrolled in the study from 1999 to
2001. Fifty-nine infants were the first-born child while
10 and 3 infants were the second and third child,
respectively. The route of delivery included normal
labor, 45 infants; cesarean section, 17 infants; forceps
extraction and vacuum extraction, one each and 8
infants with missing data. Their birthweight, age at
enrollment, body weight, height and head circum-
ference at one year of age are shown in Table 1.
Sixty-five were normal term infants except for 3 with
low birthweights of 2,160, 2,060 and 2,410 grams,
2 monozygotic twins of 2,160 grams and 2 large
for gestational age of 4,040 and 4,170 grams. All of
them had normal growth and development.

The infants were classified into 4 groups
based upon the levels of serum ferritin as shown in
Table 2: group 1, iron deficiency anemia (Hb <11 g/
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dl and ferritin <12 ng/L) included 1 infant (1.4%);
group 2, iron deficiency without anemia (Hb >11 g/
dl and ferritin <12 ng/L} included 5 infants (6.9%);
group 3, borderline iron depletion (ferritin 12-30 ng/
L) included 39 infants (54.2%); group 4, iron suffi-
ciency (ferritin >30 ng/L) included 27 infants (37.5%).
The iron deficiency state emerged as 8.3 per cent (6/
72). The infant with iron deficiency anemia showed
low MCV of 66.3 fl and hypochromic micorcytic red
blood cells on the peripheral smear while the infants
with iron deficiency without anemia showed a rather
normal MCV and very few hypochromic microcytic
red blood cells. Their clinical and laboratory find-
ings are shown in Table 3. There was no significant
difference of the levels of Hb and mean corpuscular
volume (MCV) among the infants with iron defi-
ciency without anemia, borderline iron depletion and
iron sufficiency.

' Twenty-five out of 72 (34.7%) infants were
carriers of thalassemia and hemoglobinopathies which
included alpha thalassemia-1 trait (n=2), alpha thalas-
semia-2 trait (n=9), Hb E trait (n=8), Hb CS trait
(n=2), combined Hb E and alpha thalassemia-2 trait
(n=3) and beta thalassemia trait (n=1). The mean +
SD of Hb and MCV of 25 carrier infants were signi-
ficantly less than those of 47 non-carrier infants with
the p-values of 0.004 and 0.000, respectively (Table
2). The low MCV and hypochromic microcytic red
blood cells on the peripheral blood smear were com-
monly found in infants with beta thalassemia trait
and alpha thalassemia-1 trait while infants with Hb
E trait, Hb CS trait and alpha thalassemia-2 trait had
a near normal levels of MCV and very few hypo-
chromic microcytic red blood cells. The association
of carrier and iron deficiency status was further
evaluated. The Hb and MCV of carrier infants with
and without iron deficiency were not significantly
different. Six infants, 3 with borderline iron deple-
tion and 3 with iron sufficiency, were found to have
slightly decreased levels of Hb ranging from 10.3 to

Table 1. The descriptive data of the 72 studied infants.

Mean + SD Range
Birthweight (g) 3,079 £ 459 2,060-4,170
Age (month) 12+0.8 11.5-15
Body weight (kg) at 1 year old 10+1.2 8.1-13.3
Height (cm) at 1 year old 756+2.7 70-83.5
Head circumference (cm) at 1 year old 457+1.4 42-48.5
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Clinical and laboratory findings of iron deficiency anemia (case 1) and iron deficiency without anemia (cases 2-6).

Table 3.

DNA for alpha
thalassemia & Hb

Serum ferritin Hb typing

MCV

Hb

(g/dl)

Body weight at

Birthweight (g)

Sex

Case

(ng/L)

(fl)

Milk Solid food

one year old (kg)

Constant Spring

(meals)
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ao/oo
ao/oa
oo/o

Normal
Normal
Normal

4.7

7.1
11.9

10.8

66.3
824
729

11.8
116

10.5
13.2
12.8

3a
3b
3b

Breast
Formula
Formula
Breast

10.3
10
11.5

2,900
2,890

=2 =

3,030
3,000
2,160
3,500

ao/o
o3-7-/aa

Hb E trait
Normal

723

1a

9.85

10.3
10

9.1

71.6

Formula
Breast

ao/oo

9.8 Normal

72.1

11.1

3a

a : little haem iron of pork, meat and liver were given.

b : no animal liver was given.

10.9 g/dl with the ferritin ranging from 18.7 to 382.9
ng/L. They comprised of alpha thalassemia-2 trait
(n=2) and one each of beta thalassemia trait, Hb E
trait, Hb CS trait and alpha thalassemia-1 trait. The
remainders of carrier infants had Hb of >I1 g/dl.
Therefore, the total number of infants with anemia
defined by Hb less than 11 g/dl was found in 7 out
of 72 infants which reflected the anemia rate of 9.2
per cent. Six were caused by the carrier state of
thalassemia and hemoglobinopathies and one by iron
deficiency.

The infants with iron deficiency and border-
line iron depletion were supplemented with iron at
the dose of 3 mg/kg/day for 3 months. Repeated
blood sampling was performed in the infant with iron
deficiency anemia. Although his hematological para-
meters were completely corrected, long-term follow-
up is needed.

The association of low levels of serum
ferritin with the infant’s sex, birthweight, bodyweight,
height and head circumference at one year of age,
and dietary intake, was evaluated. The significant
risk factor was the dietary intake, which included
continuation of breast feeding until one year of age
without adequate haem iron supplement, exclusive
formula feeding, inadequacy of solid food supple-
ment with only one meal per day and excluding haem
iron of animal liver without substitution as shown
in Table 4. The formula was iron fortified with an
average of 0.8-1 mg/100 kcal. The mean + SD of
serum ferritin in 57 infants without the risk factors
who received formula and 2-3 meals per day was
31.9 + 1.9 (range 16.5-61.8), which was significantly
higher than those of 15 infants with at least one of
the above risk factors (mean + SD 14.1 + 1.7, range
8.3-23.7) (p=0.000). But the Hb and MCV in infants
with inadequate dietary intake were not significantly
different from those of infants with adequate dietary
intake. Fourteen out of 15 infants at risk were asso-
ciated with iron deficiency anemia (n=1), iron defi-
ciency without anemia (n=5), and borderline iron
depletion (n=8). Therefore, the parents and caregivers
of children with associated risk factors were coun-
seled for the bioavailable haem iron supplement such
as meat, chicken, pork, animal liver and well-cooked
animal blood.

After excluding infants with iron deficiency,
borderline iron depletion and carrier state of thalas-
semia and hemoglobinopathies, the mean + SD of
Hb was 12.3 + 0.6 g/dl (range 11.3-13), MCV 79 +
3 fl (range 73.8-85.8) and serum ferritin 44.1 + 1.4
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Table 4. The levels of serum ferritin among 15 infants with inadequate dietary intake.

Type of feeding Number Individual level of
of infants serum ferritin (ng/L)

Breast feeding plus 3 meals/day 5 4.7,9.8,10.8%,18.9, 23.1

Formula alone 3 13.7, 14.2, 34

Formula plus 1 meal/day 3 9.1,17.1,25.8

Formula plus 3 meals/day but excluding animal liver 4 7.1,11.9,16.6,21.2

* only one meal of solid food was given daily

ng/L (range 31.0-62.7) among 20 normal infants.
Their peripheral blood smears showed normochromic
normocytic red blood cells.

DISCUSSION

Iron is essential for human growth and deve-
lopment. The iron deficiency state affects the deve-
lopmental milestones(9:10), Between 4 and 12 months
of age, the total body iron increases by approximately
130 mg. The sources of iron other than milk are
necessary. Therefore, if they do not receive sufficient
iron-containing foods, iron deficiency may occur and
usually develops after the first birthday(11). There-
fore, evaluation of iron status at the first birthday is
cost-effective for the prevention of iron deficiency
in children.

In the present study, only a single blood
sampling was drawn when the infants were in good
health without concurrent infection. Mainly, hemo-
globin and serum ferritin were used for the assess-
ment of iron status. The serum iron and total iron
binding capacity for determining transferrin satura-
tion were not included because of the technical diffi-
culty in preparing iron free equipment during blood
samplings and laboratory testings. Therefore, the
status of iron depleted and iron-deficient erythro-
poiesis could not be distinguished by the low serum
ferritin alone. However, both statuses, which were
classified as iron deficiency without anemia, require
iron supplements for at least 3 months.

The risk of anemia was 9.2 per cent (7/72).
Only one infant had iron deficiency anemia while 6
infants had anemia without iron deficiency. Their
anemia was caused by the carrier state of thalassemia
and hemoglobinopatheis. Additionally, the risk of
iron deficiency state was 8.3 per cent (6/72) which
included one infant with anemia and 5 infants with-
out anemia. The risk of anemia and iron deficiency
state were similar to the study of Picciano et al(12)
in a private practice reporting the risk of 8 per cent

and 11 per cent, respectively. Although the rates
were lower than those in the general population of 15
per cent, the infants with borderline iron depletion
verified by serum ferrintin between 12 and 30 ng/L
were as high as 54.2 per cent. Iron depletion or defi-
ciency is mainly caused by an inadequate iron supple-
ment combined with an increasing iron requirement
in infants because of high growth rate. Knowledge-
able parents and caregivers in preparing adequate
haem iron supplement are essential. A misunderstand-
ing about excluding haem iron from animal liver
without substitution was found in four parents in the
present study. Therefore, the awareness of parents
and caregivers in providing adequate haem iron sup-
plement (1 mg/kg/day) of approximately 15 mg per
day is important for the prevention of iron deficiency
in infants.

It is suggested that the determination of
Hb, MCV, peripheral blood smear and serum ferritin
by using 2 ml of whole blood, should be included
in the screening for iron status. However, they are
insufficient for identifying the cause of anemia since
there is a high prevalence (30-40%) of carrier states
of thalassemia and hemoglobinopathies in the Thai
population, which also manifests a slightly low Hb
and MCV, and microcytic red blood cells on the
peripheral blood smear. Repeated blood sampling
from one-year-old infants is technically difficult
and also induces psychological trauma. Therefore, an
additional 3 ml of EDTA blood should be stored for
further hemoglobin typing and DNA analysis for the
common carrier states of thalassemia and hemo-
globinopathies.

From a practical viewpoint, slightly low
levels of Hb and MCV are commonly found in the
carrier state of thalassemia and hemoglobinopathis.
But a normal or slightly low level of Hb and MCV
cannot distinguish iron deficiency or iron depleted
state. Also, there is no significant difference in the
level of Hb and MCV among infants with or without
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iron deficiency state. A low level of Hb will be found
in the late stage of iron deficiency as shown in the
present study and only one out of 45 infants with iron
deficiency or iron depletion had Hb of less than 11
g/dl indicating anemia. An additional determination
of serum ferritin is essential for the accurate diag-
nosis of the iron deficiency state. However, if, CBC
is the only available test, and the infant is anemic
with hemoglobin less than 11 g/dl, elemental iron of
3 mg/kg/d should be given. One month later, CBC
and peripheral blood smear should be repeated. If the
level of hemoglobin rises more than 0.5 to 1 g/dl, 2
more complete months of iron therapy for the pre-
sumptive diagnosis of iron deficiency anemia are
needed. If the hemoglobin is still less than 11 g/dl
after 3 months of iron supplementation, the status
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of carriers of thalassemia or hemoglobinopathis is
suspected. A further investigation of hemoglobin
typing combined with DNA analysis for alpha thalas-
semia trait is suggested according to the laboratory
facilities.

In conclusion, the adequate haem iron sup-
plement in 3 meals of solid food for one-year-old
infants should be routinely emphasized in the child-
health supervision in order to prevent iron deficiency
status.

ACKNOWLEDGEMENTS

The authors wish to thank Assoc. Prof.
Umaporn Suthutvoravut for her valuable advice and
Miss Chonnijkarn Nartsomboon for her assistance in
transferring the laboratory specimens and resulits.

(Received for publication on September 16, 2002)

REFERENCES

L. Gillespie S, Mason JB, Kevany J, eds. Control-
ling iron deficiency. Geneva, Switzerland: United
Nations Administrative Committee on Coordina-
tion Subcommittee on Nutrition; 1991. State-of-
the-Art Series Nutrition Policy Discussion Paper
No. 9.

2. Lawson MS, Thomas M, Hardiman A. Iron status
of Asian children aged 2 years living in England.
Arch Dis Child 1998; 78: 420-6.

3. Experts in Hematology: Iron deficiency anemia. In:
Panstienkul B. ed. Present situation and strategic
plan in prevention and control of common hemato-
logical problems in Thailand. Bangkok: Numartsorn
Publishing, 1990: 47-90.

4. Committee for the Prevention and Control of Mal-
nutrition. Nutrition Division, Department of Health,
Ministry of Health, Thailand. May 1997.

S. Beard J. One person’s view of iron deficiency,
development and cognitive function. Am J Clin
Nutr 1995; 62: 709-10.

6. Walter T. Effect of iron-deficiency anemia on cog-

nitive skills in infancy and childhood. Bailliere’s
Clin Hematol 1994; 7: 815-27.

7. Abbott AxSYM system 1996. Abbott Laboratories,
USA.

8. Oski FA, Honig AS, Helu B, Howanitz P. Effect
of iron therapy on behavior performance in non-
anemic iron deficient infants. Pediatrics 1983; 71:
677-880.

9. Dobbing J, Sands J. Quantitative growth and deve-
lopment of human brain. Arch Dis Child 1973; 48:
757-67.

10. Lozoff B, Brittenham GM, Viteri FE, Wolf AW,
Urrutia JJ. Development deficits in iron-deficient
infants: Effects of age and severity of iron lack. J
Pediatr 1982; 101: 948-52.

1L Wharton BA. Iron deficiency in children: Detec-
tion and prevention. Br J Haematol 1999; 106: 270-
80.

12. Picciano RF, Deering RH. The influence of feed-
ing regimens on iron status during infancy. Am J
Clin Nutr 1980; 33: 746-53.




$1088 A. CHUANSUMRIT et al. J Med Assoc Thai November 2002

[ ol A= o al
mimganluminng 1 JneaRneng

. o -
B1WITIN  FIUFNONE, WU,
AF5 s, mu*, Asanwnl aAndye mau e

ol a . - - - - - -~
manfigumwadauseog 1 T 3w 72 e (e 37, vl 35) Peddndnfuasedinonau 1aduns
- P ~ o : I XY , X ot - -
ardpanInuMIzamaniusmes s3umlensaa CBC, hemoglobin typing waznshiduudilsasasdidia
- - - - & 9 - - - ) e -~ o o v.
warflulnadufinUnd wwinwdgepaynsnusnifiauazidiionig 1 0 iy 3079 ndl waz 10 nn mMNAWY Tadnw
I3 » ' - <& - v & ] - - a
mmirsqnaniumsnlaswiingumuszaudinalsfiulaiiu 4 nan A naan 1 mMizdannmisnasignan
P - . ) al ' - .
(Hb <11 n/ma wanwblafiu <12 un/a) AW 1 18 (1.4%) NFHN 2 MIEWIEMANUALNTR (Hb >11
- - . 1 ) -
niN/aa uazWalafin <12 wun/a) U 5 8 (6.9%) NANA 3 Mzwineovanazan (Walsiiu 12-30 nAn/a)
. ) a - a . o & o
U 39 MY (54.2%) NANA 4 AMEemanUNE (Walsviu >30 un/a) I 27 T (37.5%) Awu e
' - v ' P : ™ '
winsanin 6 Nedaduibear 83 ud Ho uar MCV pamInfilmizwinamganualida MIzwipimaman
sraNnInnmzmemanUndliuanshani
- Y p - o om p - - - | of e 9
msn 25 e Aatludoesr 347 finmazfuwdheadlsroaatiflisuazdlulnaiuiiound msnmailfiszau
Ho uaz MCV snnwmsnilafifulsaonasddiow wisssumalsivbiwansedy uananilddnmlumandisl
- . - ' & 3 Lol ] -~ -~ P g - ot
mzBuudnnuaMmswIsgvan Unnghlidenauandaiulussay Ho uar MoV Tumsnididiuuel ni
- - 1} & v I3 ' -l -l - - o ] - & v .
YIDNAAMIEWIINEQMANTINAIBAMN uiwumsnffiiuud 6 Tenfissdy Ho snTuinfildndpe senie 103-
o ™ . - y Py - - “ o o &
109 n3w/aa uafiszaumplafiusenin 18.7-3829 un/a manfifiguudenedu q fsedu Hb >11 ni/ea Al
[ g - & v - - - - s ‘ . - - -t
msfnmesiiwumsn 7 sedaaduipear 9.2 fmazda (Fllnaduainin 11 ndw/ea) Wawaninsngiuuh
pslsamandiiouarflulnabufioUnfiduau 6 1o wesnmizdaninmisnasiaman (Flalnadudni 11 ndw
aa wazdinwelshuaingy 12 un/a) A 1 e
' - } - . P '
mwmﬁmmamamﬂwiammmmﬁnmﬂmnmﬂw’uuuu'—:umq 1 8 Tasldowmnaaiunfisiamants
- v » - v - - P ) & v o - [
Woawe, mslhunuapg i, Iiamaaiuiesdiadier swnimsldlvduanndainiese q we msnilasy
V- - v ol - o ' veo - -
msawshiiomwadszaudsuwalsiiu (1eds 14.1 + 1.7 uan/a) smnTivminildSumiamaiems (eds 319 +
1.9 un/a) pENANBAATY (p = 0.000)
v ¥ P P } - P 3 - 1 9
aauu MslipmaainidngmanothaRswaluoms 3 fsunmsnang 1 T astedaaiuniznag
UATWIDIAMANTUMIN

AENAY . AisTesinuiasegnan, mMazoamaniumsnng 11

Slwst sudgnl, Asn ook, Mdnwd pAimdey
WVNBNAMWANG 4 2545; 85 (RUiUWMe 4): S1081-S1088

* MATNININYAERS, ArzuwnemEns TRWEMNRTIBURA, s inmdeniias,
= mMATNWNEIng, InmnanuwneimaaiwIziengnad,
= mANWLNamERs, Arsuwnamand TlawemnaTinBud, sminendsuing, njurn 4 10400






