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Iron status of 30 infants who had been breast fed until their first birthday and who
had never received cow milk, medicinal iron, or iron-enriched formula and ce-
reals was investigated; 30% were anemic at 12 months of age. The duration of ex-
clusive breast-feeding was significantly longer among nonanemic infants (6.5 vs
5.5 months). None of the infants who were exclusively breast fed for 7 months or
more and 43% of those who were breast fed for a shorter time were anemic. In-
fants who were exclusively breast fed for a prolonged period had a good iron
status at 12 and 24 months. (J PEDIATR 1995;127:429-31)

Because of common feeding practices, studies of iron status
in breast-fed infants have examined infants who were exclu-
sively breast fed for 6 months and who thereafter received
solid foods or other types of milk.'* The presence of other
foods in the diet may compromise the unique bioavailability
of iron in human milk,* and the prevalence of iron deficiency
anemia among such infants has been reported to be be-
tween 20% and 30%.12 This high frequency of anemia rep-
resents the reason for the recommendation that breast-fed
infants receive iron supplementation.> It remains to be
explained why some infants remain iron sufficient longer
than others; factors such as growth rate, iron content of solid
foods, and age at introduction of cow milk have been sug-
gested as affecting iron status at 1 year.> ® No study has in-
vestigated the iron status of infants who had received human
milk as the only milk during the first 12 months of life and
who had not been fed other foods containing iron. The ob-
jective of this study was to evaluate the iron status of such
infants.

METHODS

Fifty-five term infants whose weight was appropriate for
gestational age and who were born at the University of Na-
ples Department of Obstetrics were selected for the study
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when they were 6 months of age. All the mothers attending
our well-baby clinic during 1992 were enrolled if they ex-
pressed the intent to breast-feed for a prolonged time. Only
infants who met the following criteria were eligible: birth
weight more than 2.5 kg, singleton birth, no congenital mal-
formations, no perinatal disease, no cesarean section, no de-
layed cord clamping, human milk as the only milk, and no
iron supplementation of any type. The infants were visited
monthly by two of us, and the mothers were advised to use
standard spoons or scales for preparing solid foods. Among
the 55 infants, 20 received medicinal iron or iron- enriched
cereals from their private pediatricians, and 5 stopped
breast-feeding and were introduced to cow milk before they
were 12 months of age. These 25 infants were excluded from
the study. Thus 30 infants who were breast fed until their first
birthday without receiving either other milk or medicinal
iron, iron- fortified formula, or cereals represented our study
group.

At each visit, the infant’s diet on the previous day and the
weight, length, and head circumference were recorded. Iron
status was determined at the ages of 12 and 24 months by

-request of our ethics committee, which did not authorize a

determination at 6 months because the iron status of breast-
fed infants is usually satisfactory at this age.” A 3 ml blood
sample was drawn from a superficial vein of the forearm with
the use of sterile vacuum tubes. Hemoglobin concentration,
mean corpuscular volume, and cell count were measured in
a Coulter counter (Coulter Electronics, Hialeah, Fla.), and
serum ferritin measurements were performed by radioim-
munoassay. Iron intake from solid fog_ds‘was calculated from

429




430 Pisacane et al.

Table 1. Background characteristics and iron status of 30 infants at 12 months
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P - Anemic (Hb <110 gm/L) Nonanemic (Hb =110 gm/L)
;7 Characteristic n=9 (n=21)

Mean agé in months (SD) 11.6 (1.1) 11.6 (1.0)
Maternal schooling

<8 yr, No. (%) 4 (44) 10 (48)

=8 yr, No. (%) 5 (56) 11 (52)
Birth weight, kg (SD) 3.240 (372) 3.383 (479)
Mean weight, kg (SD) 9.880 (673) 9.770 (1010)
Mean length, cm (SD) 74.5(1.5) { 74.6 (2.3)
Mean weight gain from birth, kg (SD) F 6.420 (856) 6.626 (1.500)
Duration of exclusive breast-feeding, mo (SD) 5.5(0.5) 6.5 (1.2)*
Mean intake of iron (mg/day) from solid foods (SD) 1.95 (0.75) 2.4 (0.87)
Heme iron as % (SD) of daily iron intake 39 (19) 34 (16)
Serum ferritin, pg/L (SD) 15.4 (15.6) 13.6 (12.3)

Hb, Hemoglobin.
*r==24; df=28; p=0.024.

Table II. Influence of dietary factors on iron status at 12 months

Exclusive breast-feeding Exclusive breast-feeding
for=7mo(n=9) for <7 mo (n =21)
Hb concentration, gm/L (SD) 11.7 (0.4) 10.9 (0.7)*
No. (%) of Hb concentration <110 gm/L 0(0) 9 (43)
Mean serum ferritin, pg/L (SD) 17 (15) 12.3(11.7)
No. (%) with serum ferritin level <10 pg/L 2(22) 11 (52)
No. (%) with Hb >110 gm/L and serum ferritin level >10 pg/L 7(78) 10 (48)

Hb, Hemoglobin.
*r=3.2; df=28; p=0.003.

standard food-composition tables or according to the man-
ufacturer’s information.

At 24 months of age, a second iron-status determination
was performed in 20 of the 30 children who had not received
any iron supplementation between the ages of 12 and 23
months. Nine infants who were treated with ferrous sulfate
because of a hemoglobin concentration less than 110 gm/L
at 12 months and one infant whose parents had moved were
excluded.

In this study an infant was defined as exclusively breast
fed when he or she received only human milk without any
other fluid or beikost.

RESULTS

Among the 30 infants, 21 (70%) had a hemoglobin con-
centration of 110 gm/L or more and 9 (30%) of less than 110
gm/L at 12 months. Serum ferritin levels were greater than
or equal to 10 pg/L in 17 infants (57%) and less than 10 pg/L
in 13 infants; 6 of the 9 anemic infants were also iron defi-
cient. There were no significant differences between anemic
and nonanemic infants in socioeconomic level of the fami-
lies, in age, in birth weight, in weight and length at the age
of 1 year, in mean weight increase from birth, in serum fer-

ritin levels, and in the mean daily consumption of total and
of heme iron (Table I). The duration of exclusive breast-
feeding in nonanemic infants was 6.5 months (SD = 1.2) and
in anemic infants was 5.5 months (SD=0.5): t=-24,
df =28, p=0.024. Among the infants who had been exclu-
sively breast fed for at least 7 months (n = 9; mean duration
of exclusive breast-feeding, 7.67 months; SD = 0.87, range,
7 to 9 months), none had a hemoglobin concentration of less
than 110 gm/L: the mean hemoglobin concentration was 117
gm/L (SD =4.3), and the range was 110 to 122 gm/L.
Among the infants who had been given other feedings be-
fore the age of 7 months (n = 21; mean duration of exclusive
breast-feeding, 5.6 months; SD = 0.59; range, 4 to 6 months),
9 (43%) were anemic; the mean hemoglobin concentration
was 109 gm/L (SD = 7), and the range, 99 to 127 gm/L. Se-
rum ferritin and the prevalence of ferritin levels less than 10
pg/L were not different between these two groups of infants
(Table IT). Maternal education and the consumption of foods
containing iron, soft cheese, and ascorbic acid were not dif-
ferent for the nine infants who had been exclusively breast
fed for a prolonged period compared with those of the oth-
ers.

Among the 20 infants whose iron status was examined at
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24 months of age, only one had a hemoglobin concentration
lower than the concentration at 12 months (106 vs 115 gm/
L). Overall, hemoglobin concentration remained constant:
117 gm/L (SD = 4) at 12 months and 118 gm/L (SD =5) at
24 months; serum ferritin levels also did not change signif-
icantly: 16.7 pg/L. (SD =15)at 12 months and 14 pg/L.
(SD =11) at 24 months.

DISCUSSION

These data confirm the high prevalence of anemia and of
iron deficiency among infants breast fed during the first year
of life when the diet is not supplemented with medicinal iron
or with iron-enriched formula or cereals. The infants enrolled
in this study were unique for two reasons: (1) they had re-
ceived only human milk and no other types of milk until their
first birthday and (2) they had not received any iron supple-
mentation during this same period. They were not a repre-
sentative sample of the general infant population, because
they were breast fed for an unusually long time, but the data
are helpful in understanding the role of some risk factors for
iron deficiency anemia when cow milk and iron supplements
are not present in the diet. Our data indicate that only 1 ad-
ditional month of exclusive breast-feeding reduces the risk
of anemia. Several explanations are possible for our findings
that infants exclusively breast fed for 7 months or longer
have a better iron status than those who start receiving other
foods at an earlier age. It seems unlikely from our data that
mothers who breast-fed for prolonged periods also fed foods
with higher iron content or bioavailability or both. It could
be that infants who started receiving other foods at an ear-
lier age consumed more foods that contain inhibitors of iron
absorption; we did not find significant differences in con-
sumption of soft cheese, but a more accurate dietary inves-
tigation might detect a more frequent use of other inhibitors
of iron absorption. Another possible explanation is that hu-
man milk may enhance iron availability from other foods,
even if the presence of other foods in the diet may compro-
mise the high bioavailability of human milk iron. 82
Mothers who breast-feed for prolonged periods may have
socioeconomic characteristics that can be associated with a
reduced risk of anemia for their infants; nonetheless, this is
not the case for the mothers enrolled in this study. Finally,
it is possible that the concentration of iron in milk of the
mothers who breast-fed for a prolonged period or the iron
stores at birth of their infants were higher,® but we have no
data to answer these questiéns.

The high prevalence of iron deficiency anemia among
breast-fed infants is the reason for the current policy of giv-
ing iron to breast-fed infants after the fourth month of life.
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When the duration of exclusive breast-feeding was not taken
into account, our infants had a high prevalence of iron de-
ficiency and of anemia very similar to that of infants recently
studied in Argentina.! However, among those who had been
exclusively breast fed for 7 months or longer, anemia was
absent, even if iron stores were low in about 20% of cases.
Thus future studies should consider the duration of exclusive
breast-feeding as an important variable. Hemoglobin and
serum ferritin concentrations at 12 and 24 months of age did
not significantly change in the absence of any iron supple-
mentation; thus, among nonanemic infants, iron status at 12
months seemed to predict iron status at 24 months.

Infants who are exclusively breast fed for a prolonged time
represent a very small proportion of all infants. For this rea-
son, the current policy of iron supplementation in breast-fed
infants should not be questioned. Nonetheless, there are
populations, mainly in developing countries, in which
breast-feeding is common and iron supplementation is not
available or culturally acceptable. With the process of
urbanization, these populations are gradually losing the
breast-feeding tradition and are then being exposed to the
risk of iron deficiency anemia and infection. A policy sup-
porting prolonged and exclusive breast- feeding among these
populations could be important from a public health point of
view and could represent an effective measure to ensure
normal iron status. ’

We express our gratitude to Dr. Tina Cali for help in data collec-
tion.
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