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With the electronic counters routinel

y used, it has become practical to determine the concentration of

hemoglobin, red cell indices, and RDW concurrently in association with transferrin saturation and
ferritin in accordance with feeding practices. The 1028 infants and children aged 6 to 24 months, who
had been mainly admitted with acute infectious or inflammatory diseases, were divided into three
groups, i.e., children who were exclusively breast-fed more than 6 months (group A), those who had
been given iron-fortified formula milk since birth (group B), and those who had been given breast milk
for 5-6 months and then switched to the iron-fortified formula (group C). Children with anemia
comprised 34.8% (104/299) of group A, significantly more than 5.6% (34/608) of group B and 6.6% 8/
121) of group C (p < 0.001, respectively). Children with MCV < 70 fl comprised 39.5% (118/299) of

group A, significantly more than 7.1%
total 146 patients with anemia, 82.2%

(43/608) of group B and 13.2% (16/121) of group C. Out of the
(n = 120) had laboratory evidence of iron deficiency, which was

mostly suggested by a dietery history. The sensitivity of MCV values < 70 fl in IDA patients was
90.0%; specificity was 53.8%. The sensitivity of RDW values >15% was 83.3%; specificity was 57.7%.

The positive predictive value could be increased

to 97.8% by combining MCV <70 fl and

RDW >15%. The sensitivity of serum ferritin concentrations < 10ng/ml was 62.4% and specificity
was 100%. The sensitivity of transferrin saturation < 12% was 72.3% and specificity was 81.3%. By
combining the hemoglobin with MCV and RDW in screening for iron deficiency, the diagnostic
accuracy of IDA can be increased. We support the use of appropriately iron-fortified weaning foods or
the routine iron supplement starting at 6 months of age in exclusively breast-fed infants. O Anemia,
breast milk, formula, infant, iron deficiency, red cell indices
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The prevalence of IDA (iron deficiency anemia) has
decreased sharply during the past two decades 1, 2).
The decline probably results from the improvement in
infant nutrition in general, including iron supply, and
particularly from increased duration of breast-feeding
and the introduction of iron-fortified formulas and
solids (3-5). However, IDA still remains the most
common single nutrient deficiency disorder in the
world and has peak prevalence among infants, affecting
an estimated 25% of all babies (6). The highest rates
occur in the less developed regions of the world.
Furthermore, an even greater percentage of individuals
of al.l ages reflects the biochemical changes of iron
deﬁ01ency that precede the development of anemia,
€Cause anemia is a late manifestation of iron defi-
ciency. In Korea, anemia is thought to be prevalent
among infants and young children.
. Ironstores become depleted by about 4 months ofage
N term infants unless replenished by an adequate exo-
genous supply of iron. The introduction of solid foods
as been implied as a cause of a marked decrease in iron
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bioavailability from human milk (7), especially when
solid foods are given near the time of a breast-feeding,
Although it is generally accepted that prolonged breast-
feeding offers substantial protection against the devel-
opment of IDA (8, 9), Siimes and coworkers (10) found
that 6 of 36 infants who were exclusively breast-fed for 9
months eventually did become iron deficient. In another
study, 15 to 40% of infants who were fed only human
milk and unfortified solid food had developed iron
deficiency by infancy and early childhood (11-13).
Compared with 250 mg/yr, the calculated amount of
absorbed iron required during the first year of life
(14), the total iron potentially incorporated by an exclu-
sively breast-fed infant during the same period may be
calculated to be 57.3 mg/yr (13).

With the electronic counters routinely used in large
clinical laboratories, it has become practical to deter-
mine the concentration of hemoglobin and red cell
indices and red cell distribution width (RDW) concur-
rently. We report the results of a survey"of a pediatric
inpatient population that examines the relationship of
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Table 1. Characteristics of the infants and mothers entered in the study.

Group A Group B Group C
Maternal age (years, mean + SD) 28.5£25 28.0+22 282136
Birth weight (kg, ' mean + SD) 3.43+0.35 3.484+0.32 3.47 1 0.4)
Disease entity of the inpatients (%) 299 (100) 608 (100) 121 (100)
Diseases of the respiratory tract
Upper respiratory infection 93.0) 20(3.3) 504.1)
Acute otitis media 12 (4.0) 16 (2.6) 3(2.5)
Croup 17(5.7) 39(6.49) 10 (8.3)
Acute bronchiolitis 26 (8.7) 78 (12.8) 11(9.1)
Pneumonia 78 (26.1) 154 (25.3). 34 (28.1) i
Bronchial asthma 12 (4.0) 28 (4.6) 5(4.1) ¢
Diseases of the gastrointestinal tract /
Diarrheal diseases 94 (31.4) 155 (25.5) 31(25.6) !
Intussusception 3(1.0) . 4(0.7) 2(1.7) i
Acute hepatitis 2(0.7) ' 1(0.2) 0
Diseases of the nervous system )
Meningitis 7(2.3) 5(0.8) 0 ‘
Cerebral palsy 0 1(0.2) 0 :
Fibrile seizures 2(0.7) 23(3.8) 1(0.8) ¢
Non-febrile seizures 3(1.0) 6(1.0) 0 ;
Other infectious diseases
Urinary tract infection 14 (4.7) 24 (3.9 3(2.5) i
Measles with or without pneumonia 8(2.7) 27 (4.4 4(3.3) H
Viral exanthem and/or enanthem* 4(1.3) 9(1.5) 4(3.3) i
Septicemia 3(1.0) 6 (1.0) 2(1.7) ]
Suppurative lymphadenitis 3(1.0) 1(0.2) 0 {
Miscellaneous i
Kawasaki disease 1(0.3) 7(1.2) 3(2.5 {
Reye syndrome 0 1(0.2) 0 |
Urticaria 1(0.3) 0 1(0.8) !
Idiopathic thrombocytopenic purpura 0 2(0.3) 2(1.7) ;
Drug intoxication 0 1(0.2) 0 !

* Included herpangina, hand-foot-mouth disease, or other viral rashes, i

current feeding practices and the iron status of patients. switched to the iron-fortified formula at 6 months of age
We compare the effects of three infant feeding regimens (group C). As shown in Table 1, there were no signifi-
as determined by hematologic profiles. cant differences in the maternal ages at delivery or in
birth weights between each group. The main causes of
eligible inpatients aged 6 to 24 months were acute infec- ,
- tious or inflammatory diseases (93.6% in group A, i
Subjects and methods 93.1% in group B and 90.9% in group C), followed by
During a two-and-a-half-year period from March 1992  allergic diseases (bronchial asthma, urticaria), non-feb-
to August 1994, infants and children aged 6 to 24 rile seizures, thrombocytopenic purpura and drug
months who had been admitted to Inha General Hos- intoxication. Parents were interviewed during infants’
pital in Seongnam city in Korea were investigated for admission or telephoned after the discharge of their
evidence of iron deficiency. Blood samples were children regarding socioeconomic status and dietary
obtained by venipuncture. Hemoglobin, hemocrit, characteristics. The iron-fortified milk powder commer-
mean corpuscular volume (MCYV), and red cell distribu- cially available in Korea contained 6-9mg per 100 g
tion width (RDW) were determined with the use of a (1.16—1.74 mg per 100 kcal) of iron as ferrous sulfate
Coulter S-PLUS IV (Coulter Electronics Inc., USA). and 50 mg of ascorbic acid per 100 g.

Patients with dehydration, chronic illness, previous All childrén with a hemoglobin < 10 g/dl were classi-
transfusion history or major congenital anomalies were fied as having'anemia according to Hong (15). The iron
excluded from the study. We excluded those infants status in patients who were supposed to have iron
whose birth weight was < 2500 gm. The children were deficiency (suggested dietary history, MCV < 72 fi,
divided into three groups according to the feeding pracc  MCH < 24 pg, or RDW > 14.5) was determined by
tices, i.e., children who were exclusively breast-fed more measuring hemoglobin,® transferrin saturation, and
than 6 months (group A), those who were given iron-  serum ferritin (16, 17). Cut-off values for the laboratory
fortified formula milk since birth (group B), and those tests were as follows: MCV < 70 i, RDW > 15%, serum
who were given breast milk for 5-6 months and then ferritin level <10 ug/l, and transferrin saturation
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Table 2. Hematologic values amon

formula-fed (group B) and switched from
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g exclusively breast-fed (group A), microparticle enzyme immunoassay (Abbott Labora-

breast-feeding (group C) tories USA).

groups. Mean, standard deviation, Student’s r-test were in
Group A Group B Group C qsed in the statistical analysi;. Diﬁ"ere;nces in propor-
(n = 299) (n = 608) (n=121) tions were tested for statistical significance by chi-

" 3 square test. The sensitivity of an iron deficiency criterion
Hb (g/d1) 10.1+1.6 119+ 1.1 912 ihe proportion of all individuals with IDA who have a
(range) (52~ 14.0) (7.6~152) (-9~ 14.4) ositive result on each test. The specificity of an iron
%) 3.1 +4.1% 353431 353+35 posit o s : P y o' 4

Het (% : : : y : : deficiency criterion is the probability of a negative test

(range) (20~ 457) (224 45.7) (215~ 43.3) result in an individual who is not iron deficient

MCV (fL) 66.7+9.1% 769+73 1 749452 n :

(range) (45.9 ~ 89.7) (51.6 ~95.6) ‘~_ (57.2 ~ 84.6)

MCH (pg) 21.8 £3.8% 256 +2.1 251421

(range) (12.4 ~ 33.9) (16.4 ~ 35.1) (16.6 ~ 28.3) RCSUItS

The values are mean + SD.

A total of 1028 patients (M:F =1.6:1) aged 6 months to

*p < 0.005 compared with groups B and C, respectively. 24 months were included in the study. Table 2 shows the

age distribution among the children and the proportion
who remained breast-fed (group A, n=299), those who

< 12%. The diagnosis of IDA was established when  received fortified formula (group B, n=608), and those
infants with hemoglobin level < 10 g/dl had ferritin who were switched to fortified formula feeding from
<10ug/l or transferrin saturation <12%, whereas breast milk feeding after 5 to 6 months of age (group C,
value below 200mg/ml was n=121) according to the feeding practices.

excluded from IDA because it is characteristic of inflam- The mean hemoglobin value of group A was
matory disease (17). Serum iron and total iron-binding  10.1 + 1.6 g/dl (mean £ SD), significantly lower than

patients with a TIBC

capacity were determined
(latron, Japan). Transferrin s
by dividing the concentration

and multiplying by 100.

Ferritin

spectrophotometrically 119 +1.1 g/dl of group B and 11.9+1.2 g/dl of group
aturation is calculated C (p <0.005, respectively). The mean MCV values in
of serum iron by TIBC group A were 66.7+9.1 fl (mean + SD), significantly

assay was done by lower than in group Bof 76.9+7.3fland in group C of

Table 3. Incidence of anemia (Hb < 10g/dL) in exclusively breast-fed (group A), formula-fed (group B) and switched from breast-feeding (group

C) groups.
Group A Group B Group C Total

Age (mon) (%) (%) (%) (%)
6~9 28/79 (35.4) 7/181 (3.9) 2/31 (6.5) 37/291 (12.7)
10~ 12 26/75(34.7) 8/168 (4/8) 1/26 (3.8) 35/269 (13.0)
13~15 25/66 (37.8) 7/105 (6.6) 1/20 (5.0) 33/191 (17.2)
16 ~ 18 10/35 (28.6) 6/63 (9.5) 2/27 (71.4) 18/125 (14.4)
19~ 21 9/28 (32.1) 2/38 (5.3) 1/4  (25) 12/70 (17.1)
22~ 24 6/16 (37.7) 4/53 (7.5) 1/13 (7.6) 11/82 (13.4)
Total 104/299* 34/608* 8/121 146/1,028
(%) (34.8) (5.6) (6.6) (14.2)

*p < 0.001 compared with groups B and C, respectively.
*p<05 compared with group C.

Table 4. Prevalence of anemia, microc

from breast-feeding (group C) groups.

ytosis and red cell anisocytosis in exclugively breast-fed (group A), formula-fed (group B) and switched

Group A Group B Group C Total

(n = 299) (n = 608) (n=121) (n=1,028)
Hb < 10 g/dL 104 (34.8)* 34 (5.6) 8 (6.6) 146 (14.2)
MCv < 70fL 118 (39.5) 43 (7.1) 16 (13.2) 177(17.2)
RDW > 59, 132 (44.1) 59 (9.7) 18 (14.0) . 209(20.3)
Hb < 10g/dL and McV <70 fL 86 (28.8) 132.1) 5(4.1) 104 (10.1)
Hb < 10 g/dl ang RDW < 5% 94 (31.4) 15(2.5) 5(4.1) o 114 (11.1)

* .
Numbers i parentheses represent percentages.
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Table 5. Sensitivity and specificity of the various parameters for iron
deficiency in patients with anemia.

Parameter Cut-off point Sensitivity (%) Specificity (%)
MCV (fl) K 70 90.0 53.8
RDW (%) P 15 83.3 57.7
Ferritin (ng/ml) 10 62.6 100
Transferrin

saturation (%) 12 72.3 81.3

749+52 1, (p <0.005, respectively). There weré no
significant differences in hemoglobin and MCV between
male and female. (The mean hemoglobins were
11.4+£1.5 g/dl and 11.3+1.6 g/dl, respectively; the
mean MCVs were 72.5+ 7.7 fland 73.5 4 7.3 fl, respec-
tively).

Of 1028 children 146 (14.2%) were found to have
anemia  (hemoglobin < 10.0 g/dl). Children with
anemia comprised 34.8% (104/299) of group A, signifi-
cantly more than 5.6% (34/608) of group Band 6.6% 8/
121) of group C (p < 0.001, respectively). Children who
were anemic at 6 to 9 months comprised 35.4% (28/79)
compared with 3.9% (7/181) of group B and 6.5% (2/
31) of group C. Similar differences between group A and
other groups after 9 months were also observed
(Table 3).

As shown in Table 4, children with MCV <70 fi
(n=177) comprised 39.5% (118/299) of group A, sig-
nificantly more than 7.1% (43/608) of group B and
13.2% (16/121) of group C. Among 209 (20.3%) chil-
dren who had RDW >15%, the prevalence rate of
group A was 44.1% (132/299), compared with 9.7%
(59/608) of group B, and 14.0% of group C (17/121).
Out of 146 patients with anemia, 82.2% (n = 120) had
laboratory evidence of iron deficiency, and 17.8%
(n = 26) appeared to have anemia caused by acute
infection or inflammation (8 cases of pneumonia, 6 of
gastroenteritis, 3 of bronchiolitis, 3 of bronchial
asthma, 2 of croup, and 4 of other infectious diseases).
Iron deficiency is suggested in 97.9% (95/97) by a diet-
ery history, i.e., exclusive breast-feeding more than 6
months, use of unfortified formula or excessive cow
milk consumption more than 500 ml per day during
infancy, and unbalanced diets mainly limited to cow
milk after infancy.

The sensitivity of MCV values < 70 fl in IDA patients
was 90.0%; specificity was 53.8% (Table 5). The posi-
tive predictive value of MCV < 70 fl was 90.0%, and
negative predictive value, 53.8%. The sensitivity of
RDW values >15% was 83.3%; specificity was 57.7%.
The positive predictive value of RDW >15% was
90.1%, and negative predictive value, 42.9%. The

positive predictive value could be increased to 97.8%
by combining MCV <70 fl and RDW >15%. The
sensitivity of serum ferritin concentrations < 10 ng/ml
was 62.4% and specificity 100%.

The sensitivity of

ACTA PEDIATR 85 (1996)

transferrin saturation < 12% was 72.3% and specificity
was 81.3%.

Discussion

Iron deficiency and IDA are more common in young-
sters during infancy and early childhood, when
important aspects of brain development occur. Unfor-
tunately, determination of iron deficiency in the absence
of anemia in clinical practice is limited by the fact that
most physicians still rely on measurement of hemoglo-
bin concentration or hematocrit to detect the child who
is hematologically at risk (18). Traditionally, even treat-
ment and further evaluation for anemia has been
reserved for individuals ‘with hemoglobin that are
below the “normal” range, partly because of difficulty
in blood sampling in infants and young children and
because of parents’ reluctance to have them examined.
Because of the wide range of hemoglobin concentra-
tions and the overlap of values in normal, non-anemic
persons and iron-deficient individuals, the number of
iron-deficient individuals hidden within the normal
range of hemoglobin concentrations is probably as
great as the number of iron-deficient individuals who
can be recognized as anemic (19). In addition, when
anemia is mild, the differentiation of iron deficiency
from other causes becomes more difficult because the
changes in results of iron-related tests are of small
magnitude and inconsistent (17).

Our data for breast-fed infants are in accord with
other recent studies showing that there is a substantial
risk of iron deficiency anemia after 6 months of age
unless a source of extra iron is provided (10, 12). Pizarro
et al. (12) showed prevalences of anemia at 9 months of
age of 22.5% in breast-fed infants, 3.8% in infants fed
iron-fortified formula, and 29.4% in those fed cow milk
without added iron. According to Calvo et al. (13), at
the ninth month, the prevalence of anemia was 27.8% in
the breast-fed group and 7.1% in the formula group.
Compared with other reports, our data showed a
slightly a higher incidence of anemia. As the reason,
the prevalence of anemia was si gnificantly higher among
children suffering from or recovering from acute infec-
tious illness than among healthy children (20). After
measles vaccination, mean decrease of hemoglobin
was 0.2 to 0.4 g/dl and the decrease of hemo-
globin > 1.0 g/dl was observed in 8.6% of infants (21).
Therefore, the prevalence of anemia from our study
possibly exaggerated the real incidence of IDA, because
we studied an’ inpatient population in which illnesses
such as respiratory tract infection, otitis media, and
gastroenteritis were common events in early childhood.

However, subnormal values of MCV are observed
when iron deficiency betomes severe and are fairly
specific indicators of iron deficiency once thalassemia
trait and the anemia of chronic diseases have been
excluded. There was no evidence that MCV values
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were different from those of whites (16). In the adults
with polycythemia undergoing phlebotomy, 3 to ¢
weeks later RDW rose above normal; 2 to 4 weeks
after RDW rose, MCV fell below the 80 1 (22). Even
when anemia has not yet become apparent, relatively
early iron deficiency may be suggested by low MCV
(23), which is apparent in pur study that prevalence by

model (24). Since the incidence of he‘moglobinopathy
and thalassemia is extremely rare in Korea, the most
frequent cause of microcytosis is probably IDA, fol-
lowed by chronic disease. So we believe that the pre-
valence of anemia in our study was not much
€xaggerated and that most anemia was caused by iron
deficiency on the grounds of feeding history and low
MCV  valuyes. Rather, the incorrect classifying of
“anemic” individuals as normal is thought to be con-
siderable because we determined 10 g/dl as the cut-off
value. For 1-year-old infants, the lower limit of the 95%
range is estimated to be 1] g/dl for hemoglobin (16, 25,
26), although 10.0 t010.5 g/dl was used as the cut-off
value of hemoglobin for children aged 6 to 23 months in
some studies (10, 27). This study shows that the MCV
and RDW in combination are useful initia] screening
tests in the evalution of anemias in infants and young
children.

As serum ferritin reflects a depletion of stored iron,
earlier manifestation of iron deficiency and higher pre-
valence than the MCV model, it is known to be more

gold standard for iron deficiency and is sometimes mis-
leading because transferrin saturation reflects the bio-
logic variability and laboratory errors of both the serum
iron and TIBC (17).

In our study, IDA and iron deficiency were common
among infants exclusively fed human milk beyond 6

infants was highly predictive of their risk of anemia
(12). Our results can be applied to selecting an appro-
Priate approach to the detection of iron deficiency in
individual infants on the basis of their nutritional his-
tory. The prevention of iron deficiency by iron fortifica-
ton of infant foods (28) is appealing because it is easily
targeted to the age group at greatest risk and js less
Costly and more effective than the detection and treat-
ment of anemia in individual infants by use of test
baitery for IDA. 1t is easier for mothers to make a

T
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one-time change to an iron-fortified formula than con-
sistently giving a daily iron supplement. And we support
the use of appropriately iron-fortified weaning foods or

the routine iron supplement starting at 6 months of age
in exclusively breast-fed infants and perhaps somewhat
earlier if solid foods have been started. Moreover, the

accumulating evidence that IDA ninfancy is associated

to avoid iron deficiency during late infancy (29, 30).

The improved pattern of infant feeding and nutri-
tional status related to iron can probably be attributed
to the concerted effort in nutritional education of the
pediatric community, which resulted in the heightened
parental awareness of nutritional issues related to iron
and improved feeding practices for infants (27). There-
fore, it is urgent to inform the public of our knowledge
about the relationship between diet and iron nutrition,
including the substitution of iron-fortified formulas for
unfortified formulas and cow’s milk, greater frequency
and duration of breast-feeding, more prolonged use of
iron-fortified formulas and increased use of iron-forti-
fied infant cereals.
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