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Abstract

Despite the Turkish government mandate to educate every new mother about the advantages of
breastfeeding and pre- and perinatal nutrition programs, the prevalence of both iron deficiency (ID) and
iron deficiency anemia (IDA) is very high among young children. The major risk factors for IDA include
prolonged consumption of cow’s milk, either early cessation or prolonged exclusive breastfeeding.

In the present article, the authors discuss IDA continues to be a significant public health problem in
Turkey. The rate of IDA was 44% in infants received cow’s milk following 2 months exclusive
breastfeeding vs 2% who received exclusive breastfeeding until 6 months. Infants who had ID more likely
to receive cow’s milk after 2 moths of breastfeeding ( 25% vs 4%).

Authors conclude that Turkish infants have a high risk to develop either ID or IDA in their first 6 months
of life. Continuation of exclusive breastfeeding after 4 months could reduce this risk compared to earlier
introduction of complementary foods. For evaluation and introduction of nutritional interventions to
reduce infant anemia risk needs to be assessed in particular in the context of traditional feeding practices
and exclusive breastfeeding, as the proportion of exclusively breastfed infants remains persistently low
in many developing countries.
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OPENACCESS

Introduction
Iron deficiency (ID) is one of the leading nutritional

problems worldwide, affecting an estimated total of
about 2 billion individuals [1]. Nearly 40% of children
younger than 5 years and about  50% of pregnant
women in developing countries are anemic [2]. Defi-
ciency may be explained by increased physiological
requirements during rapid growth in early infancy. ID and
anemia are primarily prevalent developing countries and
the primary focus of public nutrition programs is to
prevent and to medicate anemia particularly in early
childhood.

In affluent regions,  the focus is to ensure optimal

iron maintenance to achieve the best possible develop-
ment of infants. Healthy term infants are nearly inde-
pendent from exogenous iron during the first months of
life. It is WHO-policy to recommend breastfeeding
throughout the first months of life, especially in develop-
ing countries [2, 3]. This recommendation takes into
account that no adequate infant formula as a substitute
for breastmilk may be available in developing countries.

In the second six months of life exclusive breast-
feeding alone can no longer cover all the infant’s nutri-
tional requirements and complementary food (CF) is
needed to ensure optimal nutrition and growth.
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On one hand in industrialized countries, the prevalence
of ID among children has been greatly reduced with the
advent of fortified foods, on the other hand, it continues
to be a significant public health problem in developing
countries. Despite high breastfeeding initiation rates
and long total duration of breastfeeding, exclusive
breastfeeding is fairly low [3-5]. According to the Turkish
Demographic and Health Survey, half of the infants were
introduced supplementary food, including even solids,
much earlier than recommendations [6]. Due to these
complicated feeding practices, few detailed data are
avaliable on the infant’s iron status based on the moth-
ers feeding mode in early infancy.

The major objectives of the present study were to
evaluate the iron status on a homogenous group of
infants at 6 months. We also investigated the associa-
tion between introduction of cow´s milk and infant for-
mula and iron status.

Material and Method
Healthy 6-month-old, infants attending  the Sisli

Etfal Training and Research Hospital “well-baby” clinic
were prospectively recruited. Three group were created
based on feeding practice and each infant was placed in
one of the following groups; group 1; exclusively
breastfeeding, group 2; partially breastfed and consum-
ing formula, group 3; partially breastfed and consuming
cow’s milk.

Then groups 2 and 3 were divided into 3 sub-
groups according to the exclusively breastfeeding pe-
riod. Subgroup 1; less than 2 months, subgroup 2; 2-4
months and subgroup 3; > 4 months. The relationship of
infant feeding practices and iron/anemia/ferritin status
was examined. The study was conducted between Feb-
ruary 2002 and April 2006. Inclusion criteria were as
follows: birth weight >2500 g, singleton birth, no con-
genital malformations, no perinatal disease, no cesarean
section, no delayed cord clamping and no iron supple-
mentation of any type. The infant’s weight, length, and
head circumference were recorded. All mothers were
also asked to report some demographical data such as
reasons for beginning to formula or cow’s milk, their
employment, the person who recommend to start artifi-
cial feeding, and socioeconomical status.

Iron status was determined by request of our
ethics committee. A 3 ml blood sample was drawn from
a superficial vein of the forearm with the use of sterile
vacuum tubes.

Hemoglobin concentration was measured in a
Coulter counter (Coulter Electronics, Hialeah, FL), and
serum ferritin measurements were performed by radio-
immunoassay. All tests were analyzed at the same
laboratory. The criteria for IDA and ID were respectively,
Hb <11 g/dL and ferritin <12 μg/L [7].

Geometric mean values of background charac-
teristics and iron status according to the exclusively
breastfeeding period were calculated for each subgroup
(Subgroup 1; less than 2 months, subgroup 2; 2-4
months and subgroup 3; > 4 months).

Statistical differences between groups were evalu-
ated using χ2 analysis and paired t tests for independent
samples. Analyses were performed by using SPSS 10.0
statistical software.

Results
Two hundred and forty infants (124 F vs 116 M)

were located in group 1 (still exclusive breastfed  at 6
mo), 195 infants (92 F vs 103 M) in group 2 (partially
breastfed and consuming formula at 6 month) and 177
infants (99 F vs 78 M) in group 3 (partially breastfed and
consuming cow’s milk at 6month). Background charac-
teristics of the 611 infants at 6 months were evenly
distributed in study groups (Table 1). The majority (60%)
of infants received either cow’s milk or formulae. The
reasons given by mothers were respectively; low milk
output (49.68%), rejection of breast milk (22.50%), moth-
er’s job (12.18%), baby illness (8.12%), and no reason
(7.52%). The participants were also asked to tell who

Table 1: Background characteristics and iron status of 611
infants at 6 months.

Definition of abbreviations: Hb, Hemoglobin; SD, Standard deviation; Group 1, exclusively
breastfed;  Group 2, partially breastfed and consuming formula; Group 3, partially breastfed
and consuming cow’s milk; Group 1 compared with Group 2 and  3:  a, p>0.05; b, p<0.05; c,
p<0.01; d, p<0.001; Group 2 compared with Group 3:       e, p>0.05; f, p<0.05; g, p<0.01; h,
p<0.001.
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recommended them to switch from breast milk to formu-
lae or cow’s milk. Pediatrician’s advice 51.25% , 24.65%
based on their general practitioner’s advice and 10.31%
from the recommendation of other persons.   No  recom-
mendation was reported in 13.79%.

More than half of mothers (52.25%) were house-
wives and the socioeconomical status was respectively
43.75% middle, 31.5% low.

The mean hemoglobin concentration was 11.9,
11.8 and 10.6 mg/dL in group 1, 2 and 3 respectively
(Table 1). The mean hemoglobin concentration was
lower in group 3 than group 1 and 2 ( p< 0.001). There
were no differences between group 1 and 2 in the mean
hemoglobin concentration at 6 months ( P> 0.05). Five
(2%) in group 1, 16 (8%) in group 2 and 78 (44%) in group
3 had a hemoglobin concentration less than 11 g/dl. The
prevalence of hemoglobin concentration less than 11 g/
dl was higher in group 3 than group 1 and 2 (p<0.001) .
The prevalence of hemoglobin concentration of less
than 11 g/dL was also significantly higher in group 2
compared to group 1 at 6 months ( P<0.01).

The mean serum ferritin level was 16.6, 15.6 and
14.3 μg/L in group 1, 2 and 3, respectively (Table 1).
Serum ferritin value was significantly lower in group 3
compared to the groups 1 and 2 ( p< 0.001 and p< 0,05,
respectively). There were no differences between groups
1 and 2 in serum ferritin levels at 6 months. A ferritin level
less than 12 μg/L was found 10 (4%) infants in group 1,
6 (3%) in group 2 and 44 (25%) in group 3. The preva-
lence of ferritin levels less than 12 μg/L was significantly
higher in group 3 compared to groups 1 and 2 (p<0.001).

The number of nonanemic infants was 227 (94%)
in group 1, 178 (91%) in group 2 and 82 (46%) in group
3 at 6 months. The prevalence of nonanemic infants was
significantly lower in group 3 compared to groups 1 and
2 ( p< 0.001). All subgroup characteristics were shown
in Table 2. The mean hemoglobin concentrations were
significantly lower among the subgroup 1 and 2 infants
in group 3 when compared to group 1 at 6 months (p<
0.001).

Infants who were in subgroup 1 of group 2 had
lower mean hemoglobin concentrations at 6 months
when compared to group 1( p< 0.05).

At 6 months, the mean serum ferritin levels were
significantly lower in all subgroups (subgroup1, 2 and 3)
of group 3 than group 1 (p<0.001, p<0.01, p<0.05,
respectively).

Similar differences on the mean ferritin levels
were also found in subgroup 1 of group2 when com-
pared to group1 (p< 0.05). However, no differences
were found in mean serum ferritin levels at 6 months in
subgroup 2 and 3 of group 2 when to group 1 (p>0.05).

Table 2: Influence of dietary factors on iron status according to
exclusive breast feeding period.

The prevalence of nonanemic infants was signifi-
cantly lower in all subgroups of group 3 when compared
to the group 1 at 6 months (p<0.001, p<0.001, p<0.01
respectively). Similar difference was found in subgroup1
and 2 of group2, however no difference was found in
subgroup 3 of group 2 when compared to group1(P<0.01,
P< 0.05, P> 0.05).

Discussion
The World Health Organization (WHO) and Ameri-

can Academy of Pediatrics (AAP) recommend that moth-
ers exclusively breastfeed their infant for the first 6
months [1, 2, 8]. The Turkish government also mandates
to educate every new mother about the advantages of
breastfeeding. The incidence of exclusive breastfeeding
in Turkey is fairly low with only 51.5% for infants 4
months old and 19.8% for 6 months old. Some charac-
teristics of the mother and the baby such as with condi-
tion of breastfeeding is not possible (where the mother
receives chemotherapy or lithium, HIV-positive, or the
baby has metabolic disorders), is not desired, or when
the mother’s milk supply is inadequate influence the
nutrition of infants [6, 9]. In our study the incidence of

Definition of abbreviations: Hb, Hemoglobin, SD, Standard deviation; * exclusively breastfed
period; All subgroups compared with Group 1: a,  p>0.05; b, p<0.05; c, p<0.01; d, p<0.001.
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exclusive breastfeeding determined as 40% at 6 months
and this difference (19.8% vs 40% at 6 month) may be
explained by mother’s characteristics. A positive corre-
lation between the mother’s educational and employ-
ment/socioeconomical status and exclusive
breastfeeding was found in previous studies which is
similar with our results [3, 5, 10]. These findings suggest
that working mothers of high educational status may
have been better informed on infant nutrition and adopted
a more correct approach to infant nutrition than others.

In our study, the reasons of giving complementary
foods to the baby were associated with mother and baby
characteristics. Mothers who reported that they have
low milk output, frequent crying and difficulty comforting
babies were more likely to start either cow’s milk or
formulas. Those mothers were likely to be located in
group 2 and 3.

Iron is present in a relatively low concentration in
human milk but is highly bioavailable, so that exclusively
breastfed children have a low risk of iron deficiency
anemia before 6 months of life. For example, more than
50% of iron from human milk is absorbed compared with
typically less than 12% of iron from cow milk-derived
formula. These formulas have been classified as low-
iron or iron-fortified based on whether they contain less
or more than 6.7 μg/L of iron. The rate of iron deficiency
anemia in infants fed formulas containing 1.1 μg/L of iron
has ranged from 28% to 38%, even when supplemental
foods are consumed.

This unacceptably high rate decreases to 0.6%
when formula fortified with 12 μg/L or 15 μg/L of iron is
used [11, 12]. In Turkey, infant formulas tend to contain
4 μg/L to 7 μg/L of iron. We believe that the similar
hemoglobin concentrations in group 1 and 2 may be
explained by iron content of formulas.

According to international recommendations, un-
modified cow’s milk should not be used as a drink, and
milk products should not be given in large quantities
before the age of 9 months. However, in our sample 29%
of mothers reported that their babies were receiving
cow’s milk.

The lowest mean hemoglobin concentration and
the highest rate of infants  who had anemia were more
likely to be found in members of group 3 in the present
study. It should be emphasized that giving either cow’s
milk or milk products in infancy dramatically induces the
rate of IDA. We recommend that infants who are not
breastfed or are partially breastfed should receive a
formulae (containing between 4-7 μg/L of iron) from birth

to 12 months instead of cow’s milk.

The prevalence ID (ferrintin < 12 microg/mL) in
group 3 was 25% which is consistent with previous
studies. Monajemzadeh et al reported that the tendency
to have ID in infants fed with cow’s milk and infants who
did not receive ferrous sulfate was higher than in the
other subjects [13]. Similar studies conducted in Cana-
da’s low-income region have shown the prevalence of
IDA to be very high in Aboriginal populations, varying
from 14% to 50% [14-16]. The factors associated with
IDA were high consumption of cow’s and evaporated
milk [17].

Both evaporated milk and cow’s milk are low in
bioavailable iron. In addition, consumption of cow’s milk
by young infants may lead to occult blood loss and
resulting anemia. The low cost and ready availability of
evaporated milk and cow’s milk is a likely explanation for
their routine use in developing countries. Complemen-
tary foods containing appropriate absorbable iron should
be introduced when the child is 6 months old, while still
breastfeeding. Delaying the introduction of complemen-
tary foods, may be a contributing factor associated with
anemia.

Introduction of complementary foods before the
age of 4 months particularly in infants who received
cow’s milk was associated with a higher incidence of IDA
in our study population. Our findings support the conclu-
sion of other investigators that complementary feeding
before 6 months of age is a determinant of infant anemia
in developing countries [4].

Poorer hematological outcomes with early com-
plementary feeding especially cow’s milk could relate to
low bioavailability of food iron. Although the iron con-
tents of cow’s milk is higher than the estimates for human
milk, bioavailability is much lower than in human milk.
Decreased Hb levels with early introduction of comple-
mentary foods could also relate to an increased inci-
dence of infection [18, 19].

In conclusion, Turkish infants have a high risk to
develop either ID or IDA in their first 6 months of life. Our
data suggest that continuation of exclusive breastfeeding
after 4 months could reduce this risk compared to earlier
introduction of complementary foods. Evaluation and
introduction of nutritional interventions to reduce the risk
of infant anemia needs to be assessed in particular in the
context of traditional feeding practices and exclusive
breastfeeding, as the proportion of exclusively breastfed
infants remains persistently low in many developing
countries.
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