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Our aims were to analyze the changes in hemoglobin (Hb) value according
to gestational age, birth weight, sex, birth season, and weight gain and to
detect distribution of Hb values among healthy infants, breastfed for at least
four months and receiving routine health care. We conducted a descriptive
study using the data of 469 healthy infants at 5-7 months of age in Hacettepe
University İhsan Doğramacı Children’s Hospital Well-Baby Clinic between
2001-2004. Infants with acute or chronic illness, exchange transfusion and
those who had taken or were currently taking iron supplementation were
not included into the study. Information regarding the child was obtained
from hospital files. Infants with Hb value <10.5 g/dl and <9.5 g/dl were
considered to have mild and moderate anemia, respectively. The mean Hb
value was 10.7 g/dl (SD = 0.90). The prevalence of anemia was 41.4%.
Boys had significantly lower Hb, hematocrit and mean corpuscular volume
values and higher red cell distribution width values than girls. Infants born
before 37 weeks of gestational age had moderate anemia more frequently.
Anemia at 5-7 months of age was more frequent in infants born in spring
and summer than in those born in fall and winter (49.2%, 26.8%, p<0.001).
Birth weight was positively correlated with Hb value at 5-7 months of age
(r=0.14, p=0.003). In the present study, female gender, at-term birth, birth
in winter and fall, weight appropriate for gestational age, and regular weight
gain showed the lowest risk for anemia development in infants aged 5-7
months with a breast-feeding period of more than four months.
Key words: hemoglobin, anemia, season, gender, infant.

Iron deficiency anemia, the most prevalent
nutritional problem in the world, adversely
affects physical growth, cognitive and
behavioral performance, the immune status,
and morbidity from infections in infants.
Therefore, early identification of the risk
factors for iron deficiency anemia is essential
for the prevention not only of anemia but also
the numerous and long-term consequences
caused by iron deficiency1,2. To detect anemia,
age-appropriate cut-offs of hemoglobin (Hb)
values are necessary and, if present, any
physiological changes should be defined 3,4.
However, there have been a limited number
of studies addressing the difference in Hb
status between male and female infants5. There
have been some studies about Hb changes
by season in adults; however, no published

study was found in infants6-8. This study was
conducted to analyze the changes in Hb value
by gestational age, birth weight, sex, and
birth season and to detect the distribution
of Hb values among healthy breastfed infants
(exclusive breast-feeding period of more than
four months) with no previous or current
iron supplementation at 5-7 months of age
who received routine health care at Hacettepe
University İhsan Doğramacı Children’s Hospital
Well-Baby Clinic in Ankara, Turkey.
Material and Methods
Infants who had data available on Hb values at
5-7 months of age, who had received no iron
supplementation previously or currently, and
who were exclusively breastfed for at least four
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months were enrolled in the study between
2001-2004 at Hacettepe University İhsan
Doğramacı Children’s Hospital Well-Baby Clinic
in Ankara. Infants with acute or chronic illness
and history of exchange transfusion or with a
family history of thalassemia were not included.
This study was done with the permission of
Hacettepe University Institute of Child Health,
Department of Social Pediatrics.
Gestational age, birth weight, season of birth,
gender, breast-feeding status, and Hb values
at 5-7 months were obtained from the files.
Anthropometry of infants, measured at birth,
and at 5-7 and 9 months of age, were taken
from the hospital files. Monthly weight gain
rate was calculated by the difference between
the weight (g) recorded at the 5-7th and 9th
months and birth weight, divided by the
decimal age of the infant (months).
Blood samples had been analyzed for complete
blood counts [Hb, hematocrit (Htc), mean
corpuscular volume (MCV), red cell distribution
width (RDW)] by a Coulter Counter-S model
(Coulter ®; STKS, Coulter Corp., Hialeah,
FL, USA).
Infants were divided into three groups according to
their Hb values at 5-7 months of age. Hb values
at 5-7 months of age of ≥10.5 g/dl were accepted
as normal2,9,10; between 9.5 and 10.4 g/dl as mild
anemic; and <9.5 g/dl as moderate anemic.
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Data were analyzed using SPSS for Windows
(SPSS Inc., Chicago, IL, USA). The association
between Hb values and the different variables
was evaluated through bivariate analysis [chisquare test, Student t test and one way ANOVA
(Dunnett t-test treats cases with normal Hb as
a control and compares all groups against it),
where appropriate] followed by multiple logistic
regression analysis.
Results
The mean age was 6.3±0.3 months, and
48.2% were male (Table I). Mean ± standard
deviation (SD) values were as follows: Hb
10.7±0.9 g/dl, Htc 31.8±2.5%, MCV 73.7±4.6
fl, and RDW 13.7±1.6%. Overall, 41.4% were
found to have Hb levels <10.5 g/dl. We found
9.2 g/dl as the cut-off (-2 z score) value of
Hb in cases with gestational age ≥37 weeks
and birth weight ≥2500 g (Table II).
Boys had significantly lower Hb, Htc, MCV and
higher RDW values than girls [10.5±0.9 g/dl,
10.8±0.9 g/dl for Hb (p=0.003); 31.3±2.6%,
32.2±2.4% for Htc (p=0.001); 72.5±4.5 fl,
74.9±4.3 fl for MCV (p<0.001); 13.9±1.6%,
13.4±1.5% for RDW (p=0.001); respectively].
Boys and girls had similar birth weight;
however, postnatal growth gain from birth to
5-7 months of age was higher in boys than girls
(799±133, 740±125 g/month; p<0.001).

Table I. General Characteristics of Infants
Characteristics

Mean ± SD

Age, months
Male, n (%)

6.25 ± 0.26
226 (48.2%)

Birth characteristics
Gestational age, week
Premature (<37 wk), n (%)
Birth weight, kg
Low birth weight (<2.5 kg), n (%)
Length, cm
Head circumference, cm

37.9 ± 1.2
32 (6.9%)
3.22 ± 0.49 kg
25 (5.4%)
(n=200) 49.5 ± 2.6
(n=140) 34.3 ± 1.5

Growth at the 6th month
Weight, kg
Height, cm
Head circumference, cm

8.02 ± 0.90
69.9 ± 2.7
43.4 ± 1.2

Complete blood count
Hemoglobin, g/dl
Hematocrit, %
Mean corpuscular volume, fl
Red cell distribution width, %

10.7 ± 0.9
31.8 ± 2.5
73.7 ± 4.6
13.7 ± 1.6
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Table II. Distribution (z score values) of Hemoglobin (Hb), Hematocrit (Htc), Mean Corpuscular
Volume (MCV) and Red Cell Distribution Width (RDW) in Infants Aged 5-7 Months with
Gestational Age ≥37 Weeks and Birth Weight ≥2500 Grams
Z score

Hb, g/dl

Htc, %

MCV, fl

RDW, %

n
-2
-1
0
1
2

422
9.2
10.0
10.8
11.6
12.5

348
27.2
29.7
32.0
34.4
36.6

395
65.4
69.9
74.6
78.0
80.3

354
17.2
14.9
13.2
12.2
11.6

Birth weight was associated with Hb value at
5-7 months (r=0.14, p=0.003). A negative
correlation was detected between monthly
weight gain rate from birth to 5-7 months and
Hb value at 5-7 months (r=-0.12, p=0.019,
respectively). However, monthly weight gain
from 5-7 months to 9 months was positively
correlated with Hb value at 5-7 months
(r=0.10, p=0.041). Similarly, infants with
Hb value <9.5 g/dl had lower monthly weight
gain from 5-7 months to 9 months than
infants with Hb value ≥10.5 g/dl (313±159,
402±154, g/month respectively; p=0.013).

When the factors that affect mild anemia were
analyzed, univariate analysis detected birth
season (spring and summer vs fall and winter)
(odds ratio [OR]: 2.79, 95% confidence interval
[CI]: 1.79-4.34) as the only risk factor for the
cases with mild anemia (Hb=9.5-10.4 g/dl)
(Table III). The birth season in mild anemia
had remained significant after controlling
for age, prematurity, birth weight, and sex
(OR: 2.70, 95% CI: 1.71-4.26). Both univariate
and multivariate analysis identified prematurity
or/and low birth weight (OR: 5.156, 95%
CI: 1.987-13.378) and male gender (OR: 2.644,
95% CI: 1.181-5.920) as the significant risk
factors for moderate anemia (Hb <9.5 g/dl).
No difference in birth season was detected in
cases with moderate anemia (Table III).

The effect of birth season on Hb, MCV and
RDW values in cases according to gestational
age is displayed in Figure 1. Infants born
in spring had the significantly lowest mean
Hb value (10.5±0.9 g/dl) and those born in
autumn had the significantly highest mean Hb
value (11.0±0.9 g/dl) (p=0.01). Infants born in
autumn had the significantly highest MCV value
compared to those born in winter, spring and
summer (75.0±4.3 fl, 73.6±4.0 fl, 73.2±4.8
fl, and 73.6±4.6 fl, respectively; p=0.045).
RDW values did not change significantly with
birth season.

Discussion
In the present study, low birth weight and
high postnatal weight gain were found to
be predictive of low Hb levels at the sixth
month of age. The fact that lower birth weight
increases the risk of anemia among infants
could indicate a limited iron store and show
the importance of the intervention measures
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Fig 1. The mean values and 95% confidence interval of hemoglobin (a), mean corpuscular volume (b), and
red cell distribution width (c) according to birth season.
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n
Birth season
Spring and summer
Fall and autumn
Sex
Male
Female
Gestational age, birth weight
<37 wk and/or <2500 g
≥37 wk and ≥2500 g
Gestational age
<37 wk
≥37 wk
Birth weight
<2500 g
≥2500 g

Univariate analysis*
Hemoglobin value, n (%)

Table III. Hemoglobin Value (g/dl) at 5-7 Months of Age by Birth Characteristics

Multivariate analysis*
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(iron supplementation) in prenatal and infant
health programs2. The observation that higher
growth reduces iron reserves confirms results
reported in other studies2,9,11-13. Similar to our
study, Abshire14 reported that infants with high
growth rates should be assessed for anemia at
six months of age.
In the present study, male infants at 5 to
7 months of age had a 2.8-fold higher risk
of having Hb value <9.5 g/dl. These sex
differences in iron status might be caused
by a “true” iron deficiency. The observed sex
differences at 5 to 7 months of age can be
attributed simply to growth-related factors,
as postnatal weight gain was higher in boys
(p<0.001). Similarly, the gender difference
in iron indicators as found in the Swedish,
Icelandic and Norwegian studies has been
suggested to be due to faster growth velocity
in boys with higher iron requirement than in
girls5,15,16. Domellöf et al.5 reported that boys
(compared with girls) had 0.2 g/dl lower mean
Hb, 2.7 fl lower MCV, 40% lower ferritin, and
1.1 mg/L higher transferrin receptor (TfR) at
four months, all of these seemingly suggesting
greater iron deficiency in boys. Choi et al.17
recently reported significantly higher TfR in
male than in female infants at 4 to 6 months
of age. These results also seem to indicate that
erythropoietic activity and the iron requirement
in male infants is greater than in female infants
at this age.
With regards to the relation between birth
season and anemia, differences in birth season
in the present study were only significant in
cases having Hb between 9.5-10.4 g/dl, and not
in cases having Hb value <9.5 g/dl. Similar
to Hb values, MCV values differed by season.
Black et al.7 reported seasonal variation in the
iron status of adults in Mexico and significantly
higher Hb concentrations in the post-harvest
season in all sex and physiological status
groups. They supposed that the post-harvest
season was a time when more meat was eaten
and there was an improvement in hemoglobin
and iron status. Similarly, Backstrand et al.6
found on the basis of their cross-sectional data
that hematocrit values were lowest among the
nonpregnant women whose measurements
were made during early summer or late spring.
Previous studies showed a seasonal pattern
in Hb in pregnant women in Nepal, in which
the prevalence of anemia was highest during
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and after the monsoon period 8,18 . In our
study, Hb values in infants 5-7 months of age
changed with birth season. Seasonality in iron
variables might be due to the complexity of iron
absorption, iron mobilization, erythropoiesis,
and variation in diet. Interestingly, García-Casal
et al.19 reported that iron concentrations in
algae were high and varied widely, depending
on the species and time of year.
The World Health Organization (WHO)
estimates that 39% of children younger than
5 years and 52% of pregnant women in
developing countries are anemic, with half
having iron deficiency anemia2,20. Anemia is
regarded as a public health problem when the
frequency of low Hb value is more than 5%
in the population2. Anemia (Hb <10.5 g/dl)
was detected in nearly half of the infants
at 6 months of age in the present study.
Diagnostic criteria for anemia in young
infants are poorly defined in infants aged 6
months, and the high proportion of anemic
children indicates the need to reevaluate
the definition of anemia. In clinical practice,
commonly used cut-off values for identifying
iron deficiency and iron deficiency anemia at
6-12 months of age are Hb <11 g/dl, but these
values are extrapolated from older age groups
and may not be appropriate for infants11,21.
Furthermore, no reference values based on
breastfed infants have been published for any
iron status variables, even though exclusive
breast-feeding is recommended for the first 6
month of life22. Interpretation of the anemia
is highly dependent on the reference data used
and may be erroneous if the reference used
does not adequately represent iron status.
Moreover, reference data is based on a sample
of predominantly formula-fed infants whose
pattern of growth has been demonstrated
to deviate substantially from that of healthy
breastfed infants23. With age- and nutritionappropriate references, relevant control of iron
deficiency anemia could be done4,24.
A cut-off value of Hb was reported to be
<10.5 g/dl in iron-replete infants at 4-6
months4,5,9. We found a cut-off value (-2 z
score) of 9.2 g/dl in breastfed infants (exclusive
breast-feeding period ≥4 months) at 5-7 months
of age. Our results are supported by a study
of 1175 unselected British 8-month-old infants
whose mean ± SD Hb was 11.7±1.1 g/dl,
giving a cut-off value (-2SD) of 9.5 g/dl11.
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Better defined cut-off values for the indicators
used are needed and, in particular, how they
are correlated to functional outcomes including
growth and development3. Domellöf et al.4 found
that growth variables were useful predictors of
iron deficiency anemia at 6 months, as defined
by the Hb response to iron. Because weight
measurements are much less expensive than
laboratory analyses, this information may be
useful for targeting interventions. In the present
study, only moderately anemic (Hb <9.5 g/dl)
infants aged 5-7 months had a significantly low
weight gain between 5-7 months and 9 months.
One of the limitations of our study is that serum
iron and ferritin parameters were not studied.
However, we only aimed to detect seasonal and
gender differences in Hb in breastfed infants
whose exclusive breast-feeding period was more
than four months. For MCV, –2 SD cut-off values
were reported to be 68–70 fl at 6–9 months
in a study of Finnish infants fed iron-fortified
formula25 and 73–71 fl for iron-replete, breastfed
Swedish infants4. Our –2 SD cut-off value was
65.4 fl at 5-7 months of age, suggesting that
some of these infants may have been iron
deficient. However, we might overdiagnose
some cases as iron deficiency anemia and give
unnecessary treatment. Therefore, further studies
are necessary to detect a cut-off value for iron
deficiency anemia in infants 6 months of age.
In the present study, the prevalence of anemia
observed is of severe public health significance,
justifying the use of broad spectrum interventions
to improve iron nutritional status, as recommended
by WHO. Female gender, at-term birth, birth in
winter and fall, weight appropriate for gestational
age, and regular weight gain were shown to
have the lowest risk for developing anemia in
our population.
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