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A B S T R A C T

Objective

Study the prevalence of iron depletion and iron-deficiency anemia and their associated factors in preschool
children.

Methods

Cross-sectional study with five-year old preschool children from a birth cohort of the city of Diamantina, Minas
Gerais state, Brazil. Socioeconomic, demographic, and dietary characteristics were obtained through a
questionnaire administered to each child mother or guardian. Iron depletion (normal hemoglobin and low
serum ferritin levels) and iron-deficiency anemia (hemoglobin level than 11g/dL) were detected after collecting
5mL of venous blood of preschool children. Poisson regression was used to identify the factors associated with
iron depletion and iron-deficiency anemia.
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Results

A total of 228 preschool were evaluated, corresponding to 97.4% of the children from a cohort study followed-
up up to the end of their first year of life. Iron depletion and iron-deficiency anemia were detected, respectively,
in 15.9% and 18.9% of the preschool children evaluated. Iron depletion was not associated with any variable
studied, while low maternal education level was associated with iron-deficiency anemia (PR=1.83; P=0.03).

Conclusion

Iron-deficiency anemia is considered as a mild public health problem among 5-year old children in the city of
Diamantina, Minas Gerais. Higher maternal education level was a protective factor against this deficiency, and
therefore it is as an important marker for the occurrence of iron-deficiency anemia in the population studied.

Keywords: Anemia, iron deficiency. Child, preschool. Educational status. Iron deficiency.

R E S U M O

Objetivo

Estudar a prevalência de depleção de ferro e anemia ferropriva em pré-escolares e conhecer seus fatores
associados.

Métodos

Estudo transversal com pré-escolares com cinco anos de idade de uma coorte de nascimento do município de
Diamantina, Minas Gerais. Características socioeconômicas, demográficas e dietéticas foram obtidas por meio
de um questionário aplicado às mães ou responsáveis na residência de cada criança. A depleção de ferro
(valores normais de hemoglobina e baixos de ferritina) e anemia ferropriva (hemoglobina inferior a 11g/dL)
foram identificadas após coleta de 5mL de sangue venoso dos participantes. Regressão de Poisson foi utilizada
para identificar os fatores associados à depleção de ferro e à anemia ferropriva.

Resultados

Foram avaliados 228 pré-escolares que corresponderam a 97,4% das crianças acompanhadas até o final do
primeiro ano do estudo de coorte. A depleção de ferro e a anemia ferropriva ocorreram, respectivamente, em
15,9% e 18,9% dos participantes avaliados. Depleção de ferro não se associou a nenhuma variável estudada,
enquanto menor escolaridade materna associou-se com ocorrência de anemia ferropriva (RP=1,83; P=0,03).

Conclusão

 A anemia ferropriva se configura como um leve problema de saúde pública em crianças com cinco anos de
idade em Diamantina. Maior escolaridade materna foi fator de proteção contra a carência, se configurando,
portanto, como um importante marcador para a ocorrência da anemia ferropriva na população estudada.

Palavras-chave: Anemia ferropriva. Pré-escolar. Escolaridade. Deficiência de ferro.

I N T R O D U C T I O N

Anemia is a global public health problem
affecting both developing and developed
countries with major consequences for human

health as well as social and economic
development [1].

This problem is the result of a wide variety
of causes that can be isolated, but more often

coexist. Iron-Deficiency Anemia (IDA) is the
condition in which the hemoglobin concentration
is abnormally low due to iron deficiency, which

occurs when there is a long period of negative
balance between the amount of biologically
available iron and the need for this trace element.
On the other hand, iron deficiency or iron
depletion is characterized by the decreased iron
stores, but the amount of functional iron is

not affected. Thus, even though both are
related to the same pathological condition, they
are characterized by different degrees of

deficiency [1].

The World Health Organization (WHO) [1]
estimates that anemia has reached epidemic
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proportions, affecting 2 billion people worldwide.
The Pesquisa Nacional de Demografia e Saúde
da Criança e da Mulher [2] (National Demographic
and Health Survey of Children and Women),
conducted in 2006, identified 20.9% prevalence
of anemia in children under five years of age in
the country in and 22.6% in the Southeastern
region of the country. A recent publication of the
WHO [3] on the global prevalence of anemia,
considered the prevalence estimate for Brazil in
2011 as 24.0%. In a population-based study of
preschool children in Minas Gerais state, the
estimate of anemia was 37.4% [4]. Studies carried
out in different cities in Brazil have shown
prevalence among children ≥6 years old ranging
from 30.2% to 53.0% [5-9].

Preschool children are one of the most
vulnerable population groups to develop this
condition, causing concern due to its
consequences such as impaired development and
growth and increased levels of morbidity [1].
When it occurs in the early stages of child
development, it can affect memory and cause
cognitive impairment and learning disabilities [10].

The high incidence of childhood anemia
has been associated with several factors: children
aged ≤5 years [6,8,11,12], low family income
[5,8,13], high household density [5,11-13], low
maternal education level [7,11,13,14], poor
housing conditions, lack of adequate sanitation
[5,7,12], and some dietary variables such as low
iron [5,8,9,12] and protein [5] intake.

The prevalence of anemia remains high in
Brazil despite the measures that have been
adopted to prevent it such as food and nutrition
education actions, flour fortification, and provision
of iron supplements in the public health system
for specific population groups. Therefore, this
problem remains a major challenge to overcome.
Moreover, no population-based study on this topic
has been carried out with preschool children in
the city of Diamantina, Minas Gerais, Brazil, which
may hinder the development of prevention and
control programs, as well as the assessment of
their impact.

Considering these aspects, the present
study aimed to investigate the prevalence of iron
depletion and iron-deficiency anemia and their
associated factors in preschool children in
Diamantina (MG).

M E T H O D S

This is a cross-sectional study nested within
a birth cohort study carried out in Diamantina
(MG) [15]. Characteristics of the cohort composition
and the cross-sectional study, such as participants’
age and variables investigated, were described in

a previous study [16]. All children followed-up
during their first year of life in the cohort study
(n=234) were eligible to participate in the present

study. Of these 234 children, 228 were found and
contacted; thus, the loss of the cohort participants
of five years of age was 2.5%.

The mothers of the children in that cohort
study were contacted during the first weeks of
the infant life in their own homes. Recruitment
was based on the Declaration of Live Birth forms
obtained from two local hospitals. The exclusion
criteria to be included in the cohort were as
follows: preterm infants, twins, infants born with
malformations, and infants who did not live in
the city of Diamantina (MG). The infants were
follow-up at monthly intervals from birth to the
first six months of life, and at three-month
intervals from six to twelve months of life. During
this follow-up period, weight and length

measurements and information about infant
feeding, introduction of complementary feeding,
and other variables were obtained. The cohort

study aimed to monitor the growth and
development of infants during their first year of
life [15].

Therefore, in the present study, data were

collected through home visits to those children
when they were 5 years ± 4 months old. The
children were subjected to socioeconomic status

and dietary assessments, as well as biochemical
and stool analysis. Socioeconomic and dietary
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data were evaluated during the home visits; the
biochemical and stool analysis were scheduled so
that the families could take their children to the
Laboratory of Immunizations of the Nursing
Department of the Universidade Federal dos Vales
do Jequitinhonha e Mucuri (UFVJM). A staff
member of the Clinical Analysis Laboratory was
responsible for collecting the blood samples. The
samples were transported by professionals in
appropriate containers. Data collection occurred
from July 2009 to July 2010 and was carried out
by four nutritionists and one UFVJM Nutrition
undergraduate student.

For the biochemical analysis, 5mL venous
blood samples were withdrawn from the children
after 8-12 hours fasting. Blood tests were carried
out by electronic counting; and hemoglobin
was measured by absorbance using the
cyanmethemoglobin hemoglobincyanide method,
and serum ferritin was measured using the electro
chemiluminescence method.

Children who had normal hemoglobin
levels (>11.0g/dL in children aged up to 59 months
or >11.5g/dL in children aged >5 years), and low
serum ferritin levels (<12µg/L in children aged up
to 59 months or <15g/L in children aged >5 years)
[1] were characterized as having “iron depletion”.
Those with low hemoglobin levels (≤11.0g/dL in
children aged up to 59 months or ≤11.5g/dL in
children aged >5 years) [1] were classified as
having “iron-deficiency anemia”.

C-Reactive Protein (CRP) was also assessed
in the present study using the immunoturbidimetric
method. CRP value >6mg/L indicated infection
or inflammatory process [17]. In these cases, iron
depletion in children with high CRP levels
(>6mg/L) was diagnosed when the serum ferritin
values were < the 30µg/dL [1].

For the stool test, fecal material was
collected by parents and/or guardians using
universal collectors. The families were instructed
to bring the samples collected on the day of blood
collection, which was previously scheduled and
informed to the mother or guardian. Stool
samples were examined for intestinal parasites

using the method described by Hoffman and
Baerman-Moraes, cited in WHO [18]. Nonpathogenic
intestinal protozoa such as Entamoeba coli and
Endolimax nana were not included in the
analysis.

Dietary intake was assessed by three
24-Hour Dietary Recalls (24HR); two were
administered on weekdays and one during the
weekend [19]. Nutrient quantification was
performed using the Dietpro software (A.S.
Sistemas, Viçosa, Minas Gerais, Brazil) version 5i.
The 24-hour recalls assessed iron, energy, and
protein intake and dietary iron density. Dietary
iron density was calculated by dividing the amount
of iron intake per 100kcal of energy consumed
[20]. After this step, the distribution of iron intake,
iron dietary, and protein and energy intake were
adjusted to reduce inter- and intraindividual
variability using the Multiple Source Method
(MSM) [21].

Estimated Energy Requirement (EER),
energy required to maintain an energy balance
consistent with good health [22], was also
calculated. The physical activity factor used was
1.13 for girls and 1.16 for boys. The choice of
low activity factors was due to the fact that
children spend an average of 3 hours/day playing
and only nine of them did some type of physical
activity (e.g., swimming, soccer and ballet).

The independent variables were gender
(male and female), per capita household income
(in Minimum Wages [MW], ≤½ MW and >½
[MW], maternal education level [in years of
schooling [<9 years and ≥9 years]), presence of
intestinal parasites (yes or no), and dietary
variables: estimate of usual energy intake in
tertiles (first tertile: ≤1304.2; second tertile:
>1304.2-1495.3; and hird tertile: >1495.3),
estimate of usual protein intake in tertiles
(first tertile: ≤48.7; second tertile: >48.7-57.6;
and third tertile: ≥57.9), estimate of usual iron
intake in tertiles (first tertile: ≤6.83; second tertile:
>6.83-8.8; and third tertile: ≥8.8), and dietary iron
density per 100kcal in tertiles (first tertile: ≤0.5;
second tertile: >0.5-0.6; and third tertile: ≥0.6).
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The information mentioned was obtained
through a semi-structured questionnaire
administered to the children mothers or guardians
and to the children’s preschool/daycare center
cooks. In the 24HRs administered on weekdays,
the cooks assisted reporting the meals served and
the serving sizes offered, expressed in household
measures. The type and amount of food
consumed by children with the habit of having a
second helping were also identified. Given the
difficulty in assessing dietary intake, it was
considered that the portion size offered was
consumed.

Under- and over-reporting of food intake
is always a possibility; therefore, it was also
assessed using the method proposed by Burrows
et al. [23], in which the Energy Intake (EI) value
was divided by the EER (EI/EER). EI/EER ratio less
than 0.84 indicates under-reporting; EI/EER
greater than 1.16 indicates over-reporting and
EI/EER between 0.85 and 1.16 indicates accurate
reporting.

Poisson regression was used to verify the
association of anemia and iron depletion with the
independent variables; binary Poisson regression
for binary data was used in the model
construction. The criterion used for the inclusion
of variables in the multivariate model was a
p-value <0.20. The selected variables were
entered into the regression model one at a time,
and those that did not remain significant were
excluded. P-value ≤0.05 was chosen as the
significance level for the final model. Data were
entered into an Excel spreadsheet and were
analyzed using the Statistical Package for the
Social Sciences (SPSS Inc., Chicago, Illinois, United
States), version 19.0 for Windows.

The level of power in the sample was 98%,
and it was calculated using the prevalence of
anemia and the risk associated with maternal
education level obtained from the logistic
regression as the parameters. Power analysis was
carried out using the statistical software
“G*Power” (Franz Faul, Universitat Kiel, Kiel,
Germany) [24].

The present study was approved by the
Ethics Committee for research on humans of the
UFVJM (Protocol nº 039/08). The research started
after the parents or guardians signed an Informed
Consent Form allowing their children to participate
in the study.

R E S U L T S

This study was carried out with 228
preschoolers out of the 234 children that were
followed-up during their first year of life in the
previously mentioned cohort study, accounting for
97.4% of those children. The participant losses
were due to parental refusal to carry out the
biochemical analysis, family moved away, and not
locating the child’s current address.

The average age of preschool children
evaluated in this study was 5 years ± 4 months.
The prevalence of iron depletion was 15.9%, and
the prevalence of iron-deficiency anemia was
18.9%. The average hemoglobin levels (boys
and girls=12.1g/dL; P=0.82), serum ferritin
(boys=26.3, girls=25.7µg/L; P=0.12), and CRP
(boys=2.1%, girls=2.0µg/dL; P=0.20) did not
differ between the genders.

The distribution of preschoolers according
to iron depletion and anemia and the
socioeconomic and dietary variables is shown in
Table 1. It can be seen that most children with
iron depletion and iron-deficiency anemia had
family earnings less than half the minimum wage
(per capita), did not have parasites, were boys,
and their mother had low education level.

Table 2 shows the results of the bivariate
and adjusted analysis of the factors associated

with iron depletion. It can be seen that there was
a tendency for girls to be at lower risk for iron
depletion (Prevalence Ratio – PR=0.57; P=0.15,

Confidence Interval – CI=0.26-1.22).

The results of the bivariate and adjusted
analysis of the factors associated with iron-
deficiency anemia are shown in Table 3. It can be
seen that in the bivariate analysis lower maternal
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education level was associated with anemia
(PR=1.86; P=0.03) and that per capita household

income, estimate of usual intake of iron, protein,
and energy had a p-value <0.20. In the adjusted
analysis, all of these variables were entered into

the model; however, low maternal education level
was the only variable that remained associated
with the occurrence of anemia (PR=1.83; p=0.03,

CI=1.03-3.24).

As for the assessment of the estimate of
nutrient intake, under-reporting occurred in
22.0% (n=50) of the preschool children evaluated;

over-reporting in 21.5% (n=55.8), and accurate
reporting in 56.5% (n=129).

D I S C U S S I O N

In the present study, the prevalence of iron

depletion and iron-deficiency anemia in five-year
old children of a cohort in the city of Diamantina
(MG), were investigated. It is important to

mention that most studies on this topic in Brazil
have investigated iron-deficiency anemia
[2,5,7,8,12,25-29], and few have evaluated these

Table 1. Prevalence of iron depletion and anemia in preschool children according to socioeconomic, health, and dietary variables.

Diamantina (MG), Brazil (2010).

Per capita household income1

≥½ MW (n=90)

<½ MW (n=138)

Presence of intestinal parasites

Yes (n=71)

No (n=141)

Maternal education level (years)

≥9 (n=114)

<9 (n=113)

Gender

Female  (n=86)

Male (n=142)

Iron intake (mg/day)2

≤7.1 (n=71)

>7.1 ≤8.6 (n=78)

≤8.6 (n=79)

Dietary Iron density (g/100kcal)3

≤0.5 (n=40)

>0.4 ≤0.6 (n=98)

>0.6 (n=90)

Protein intake (g/day)4

≤48.7 (n=74)

>48.7 ≤57.9 (n=79)

>57.9 (n=75)

Energy intake (kcal/day)5

≤1304.2 (n=78)

>1304.2 ≤1495.3 (n=77)

>1495.3 (n=76)

Variables

77

115

60

119

97

95

86

142

62

66

64

37

80

75

65

63

64

69

62

64

40.1

59.8

33.5

66.4

50.5

49.4

40.1

59.8

32.3

34.3

33.3

19.3

41.6

39.1

33.8

32.8

33.3

34.3

32.3

33.3

No (n=192)

n %

13

23

11

22

17

19

9

27

9

12

15

3

18

15

9

16

11

9

15

12

36.1

63.9

30.4

61.1

47.2

52.8

25.0

75.0

25.0

33.3

41.6

08.33

50.0

41.6

25.0

44.5

30.4

25.0

41.6

33.3

Yes (n=36)

n %

0.65

0.98

0.71

0.08

0.27

0.28

0.68

0.52

p-value

Iron depletion

77

108

58

113

99

86

69

116

55

62

68

32

78

75

55

65

65

56

65

64

41.8

58.2

33.9

66.0

53.5

46.4

37.2

62.7

29.7

33.5

36.7

17.2

42.1

40.5

29.7

35.1

35.1

30.2

35.1

34.5

No (n=185)

n %

13

30

13

28

15

28

17

26

11

16

16

8

20

15

19

12

10

19

12

12

30.2

69.7

31.7

68.2

34.8

65.1

39.5

60.4

25.5

37.2

37.2

18.6

46.4

34.9

44.1

27.9

23.2

44.1

27.9

27.9

Yes (n=43)

n %

0.16

0.78

0.02

0.78

0.14

0.21

0.14

0.21

p-value

Iron-deficiency anemia

1Value refers to 1 minimum wage – R$540,00. 2Value refers to the estimate of usual iron intake in tertiles. 3Value refers to the estimate of usual per

100kcal in tertiles. 4Value refers to the estimate of usual protein intake in tertiles. 5Value refers to the estimate of usual energy intake in tertiles.

Usual intake estimate was assessed using the Multiple Source Method (MSM).
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two conditions [6,30,31]. Therefore, our data will,
in most cases, be compared with studies that
investigated iron-deficiency anemia.

In the present study, the prevalence of iron
depletion (15.9%) was similar to that of iron-
deficiency anemia (18.94%). This result differs
from those of studies that also investigated these
two conditions [6,30,31]. Castro et al. [6] assessed
the factors associated with iron deficiency and
iron-deficiency anemia in children aged 6-60
months in an  urban area of two municipalities in

the state of Acre and identified prevalence of

43.5% of iron depletion, which is more than twice

the value found for anemia (20.9%). Carvalho et
al. [30] investigated  6-30 month old children who
attended public daycare centers in Recife, Per-
nambuco, Brazil and found that the prevalence
of iron-deficiency anemia (58.1%) was much
higher than that of iron depletion (2.3%).

Rezende et al. [31] studied school children aged
7-15 years in Novo Cruzeiro, a city located in the
same region evaluated in the present study, Vale
do Jequitinhonha, and found prevalence of
anemia of 12.1% and iron depletion of 26.7%.

Table 2. Crude and adjusted prevalence ratio of the analysis of the variables associated with iron depletion in preschool children.

Diamantina (MG), Brazil (2010).

Per capita household income1

≥½ MW

<½ MW

Presence of intestinal parasites

No

Yes

Maternal education level (years)

≥9

<9

Gender

Male

Female

Iron intake (mg/day)2

≤7.1

>7.1 ≤8.6

≤8.6

Dietary Iron density (g/100kcal)3

≤0.5

>0.4 ≤0.6

>0.6

Protein intake (g/day)4

≤48.7

>48.7 ≤57.9

>57.9

Energy intake (kcal/day)5

≤1304.2

>1304.2 ≤1495.3

>1495.3

1

1.15

1

0.99

1

1.11

1

0.55

0.66

0.81

1

0.45

1.10

1

0.82

1.38

1

0.76

1.23

1

0.68

0.98

0.73

0.12

0.33

0.58

0.20

0.78

0.67

0.41

0.53

0.58

0.58–2.27

0.48–2.04

0.58–2.15

0.25–1.17

0.29–1.52

0.37–1.73

0.13–1.55

0.55–2.18

0.34–2.00

0.64–2.97

0.32–1.80

0.57–2.63

1

0.57

0.48

1.15

1

0.15

0.24

0.75

0.26–1.22

0.29–1.22

0.56–2.20

Variables
Crude PR p-value 95%CI Adjusted PR p-value 95%CI

1Value refers to 1 minimum wage – R$ 540,00. 2Value refers to the estimate of usual iron intake in tertiles. 3Value refers to the estimate of usual per

100kcal in tertiles. 4Value refers to the estimate of usual protein intake in tertiles. 5Value refers to the estimate of usual energy intake in tertiles.

Usual intake estimate was assessed using the Multiple Source Method (MSM).

PR: Prevalence Ratio; 95%CI: 95% Confidence Interval.

Iron depletion
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According to WHO [32], it is expected that

the prevalence of iron depletion exceeds that of
anemia since this can be considered an initial stage
of anemia; however, our findings were a little

different. The low prevalence of iron depletion
found can be justified by the methodological rigor
of the present study since we assessed the CRP

to prevent classifying children who had an
infection as healthy. In these cases, serum ferritin
levels may increase 2-4 times [1]. Moreover, since

the present study was nested within a birth cohort
study, there was no difference in age range such

as that in the studies cited in this article. In the
present study, 5 year old children were evaluated,
and at this the age children are less susceptible
to this type of deficiency than children under two

years old. Moreover, the projection made in WHO
[32] deserves revision, especially in terms of the
validity of this projection in different scenarios.

 It is worth mentioning that iron deficiency
has different degrees, ranging from iron depletion,
which causes no physiological impairments, to
iron-deficiency anemia, which affects the
functioning of several organ systems. Iron

Table 3. Crude and adjusted prevalence ratio of the analysis of the variables associated with iron-deficiency anemia in preschool

children. Diamantina (MG), Brazil (2010).

Per capita household income1

≥½ MW

<½ MW

Presence of intestinal parasites

No

Yes

Maternal education level (years)

≥9

<9

Gender

Female

Male

Iron intake (mg/day)2

≤7.1

>7.1 ≤8.6

≤8.6

Dietary Iron density (g/100kcal)3

≤0.5

>0.4 ≤0.6

>0.6

Protein intake (g/day)4

≤48.7

>48.7 ≤57.9

>57.9

Energy intake (kcal/day)5

≤1304.2

>1304.2 ≤1495.3

>1495.3

1

1.50

1

0.92

1

1.86

1

1.08

1.61

1.47

1

1.20

1.22

1

1.92

1.32

1

1.60

0.98

1

0.17

0.78

0.03

0.78

0.17

0.27

0.64

0.51

0.06

0.45

0.15

0.97

0.83–2.72

0.51–1.66

1.05–3.30

0.62–1.87

0.80 –3.25

0.73–2.97

0.55–2.66

0.66–2.24

0.96–3.85

0.62–2.80

0.83–3.06

0.47–2.05

1

1.83

1.53

1.46

1

0.03

0.22

0.27

1.03–3.24

0.76–3.06

0.59–2.94

Variables
Crude PR p-value 95%CI Adjusted PR p-value 95%CI

1Value refers to 1 minimum wage  –  R$540,00. 2Value refers to the estimate of usual iron intake in tertiles. 3Value refers to the estimate of usual

per 100kcal in tertiles. 4Value refers to the estimate of usual protein intake in tertiles. 5Value refers to the estimate of usual energy intake in tertiles.

Usual intake estimate was assessed using the Multiple Source Method (MSM).

PR: Prevalence Ratio; 95%CI: 95% Confidence Interval.

Iron-deficiency anemia
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depletion refers to the reduction in the amount
of stored iron, but the amount of functional iron
may not be affected. In other words, individuals
who have iron depletion have no iron stores to
mobilize if the body requires more iron. Therefore,
although according to WHO [3] prevalence of
anemia from 5 to 19.9% is considered a mild
public health problem, in this study, it was found
a significant number of children that are at risk
of developing iron-deficiency anemia if no action
is taken since they have no iron stores.

With regard to the factors associated with
iron depletion, none of the variables studied was
significantly associated with this condition.
However, girls tended to be more protected
against iron depletion, corroborating the findings
of another study that showed increased risk of
anemia and iron deficiency among boys [6]. This
can be explained in part by genetic differences,
i.e., the growth rate for boys is higher, which
results in greater need for iron that cannot be
provided by the diet [33].

The prevalence of iron-deficiency anemia
in pre-school children found in this study was
similar to that reported in another national study
(20.9%) [2] and lower than that found in two
other studies carried out in different Brazilian cities
[5,7,25,26], which reported prevalence ranging
from 30.2% to 68.8%. Studies carried out in
Grece [11], China [13], and Haiti [34] identified
prevalence of iron-deficiency anemia ranging from
35.12% to 38.8%.

A possible explanation for the prevalence
of anemia found in the present study is that
Diamantina is located in the Vale do Jequi-
tinhonha, an area where Vitamin A deficiency is
endemic and vitamin A supplementation is
regularly provided to children ≤5 years old.
Therefore, such supplementation may have acted
as a protective factor against iron-deficiency
anemia in the children assessed. Approximately
99% of those children received supplementation;
only three children were not given vitamin A
supplements since they did not live in the Vale do
Jequitinhonha at the time of data collection.

As for the factors associated with iron-
deficiency anemia, the only variable that was
significantly associated with this disorder in the
present study was low maternal education level.
This result is similar to those found by other
researchers [7,11,13,14,27]. Oliveira et al. [27]
assessed the prevalence of anemia and its
associated factors in children 6-59 months in the
state of Pernambuco and found that the children
whose mothers had less than 4 years of schooling
were more than twice as likely to be anemic.
Tympa-Psirropoulou et al. [11] investigated the
prevalence of anemia in children aged 12-24
months in Greece and found that parents’

education affected the presence of  anemia in
children; the number of cases of anemia was
higher among children whose  parents had only
primary or secondary education. Yang et al. [13]
studied children aged 0-18 months in the Shaanxi
Province in Northwestern China and also found
that low maternal education was associated with
the presence of anemia among the children
evaluated.

One possible explanation for these results
is that higher maternal education level can lead
to better health knowledge, more rational
decisions about the use of family income, and
better job opportunities and earnings, which can
lead to the provision of better health care to
their children and promotion of healthier dietary
habits [14].

Although the variables iron intake and
dietary iron density were not associated with
anemia in the present study, adequate intake of
this mineral is very important to prevent anemia
[8]. The low consumption of foods that are source

of bioavailable iron, such as meat, can lead to an
increase in the development of this condition.
Furthermore, it is known that higher income

households have greater access to food, especially
meat. However, although the family earnings of
approximately 60.0% of the children in this study
was half the minimum wage (per capita) and the
prevalence of anemia among them was high
(21.7%), household income was not identified
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as a risk factor for this problem in the sample
studied. This result is in agreement with the
Pesquisa Nacional de Demografia Saúde
(PNDS-2006 [2]) (National Demographic and
Health Survey of Children and Women) results
for children aged 6-59 months, in which there
were statistically different prevalence rates of
anemia in various economic strata.

According to Oliveira et al. [27],
inadequate dietary practices are the main risk
factors for developing anemia. Higher dietary iron
intake, together with an enhancer of nonheme
iron absorption (vitamin C and meat, for example),
has been associated with the absence of anemia
in children.

It is important to emphasize that in Brazil
anemia persists as a public health problem that
needs to be solved. This can be confirmed by the
results found in the present study and the results
of other studies discussed here. Although Brazil
has adopted a program to combat iron-deficiency
anemia for over 10 years – flour fortification – it
appears that some children in this study are not
benefiting from it or this measure may not have
been effective.

This study have some limitations, and the
most important is related to the assessment of
children’s dietary habits since most mothers
(62.5%) work outside the home and most
children (88.79%) attend schools on a regular
basis. This made it difficult to obtain accurate
information about food consumption. To minimize
this problem, three 24-HR dietary recall interviews
were conducted (two during the week and one
on the weekend) and all schools were visited to
investigate food preparations and serving sizes
offered. However, it is difficult to ensure that all
food provided was consumed by the children,
which is a challenge inherent in most studies that
involve children that attend school on a regular
basis. Nevertheless, the dietary data obtained in
this study can be considered valid since the
prevalence of under-reporting of energy intake
(22.03%) was very similar to that of the over-
reporting of energy intake (21.58%). Thus,

according to the method proposed by Burrows
et al. [23], our data can be characterized as not
biased.

C O N C L U S I O N

Although the prevalence of anemia in the
preschool children evaluated in the present study
is considered by WHO as a mild public health
problem, it cannot be neglected due to its
consequences for child development. The
protection against iron-deficiency anemia due to
better maternal education level may indicate more
rational decisions about the use of family income,
better chances of obtaining and retaining
information about the prevention of this
nutritional deficiency, and consequently the
provision of better health care to their children
and promotion of healthy dietary habits.
Therefore, the following actions should be carried
out: short-term actions so that health care centers
can provide more appropriate care to help and
educate mothers and long-term actions to
improve women’s education level.
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