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Factors associated with iron deficiency anemia
in Brazilian preschool children

Fatores associados a anemia por deficiéncia de ferro em criancas pré-escolares brasileiras
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Abstract

Objective: To examine the determining factors of anemia and iron
deficiency in children attending two day care centers in the town of
Pontal, southeast of Brazil.

Methods: Cross-sectional study was conducted in 192 children
aged 12 to 72 months. Personal data (age, sex, use of medicinal iron
supplements, duration of breast-feeding, type of delivery, prenatal
care, weight, and height), and socioeconomic data (number of co-
inhabitants, parental schooling, and per capita family income) were
obtained and evaluated together with hemoglobin, serum transferrin
receptor, ferritin, and iron deficiency anemia.

Results: Age was the variable that most affected iron nutritional
status, with higher hemoglobin values, lower transferrin receptor
concentrations, higher ferritin values and lower iron deficiency anemia
being detected with increasing age. The other studied variables did not
show any correlation with iron nutritional status.

Conclusion: The obtained data suggest that control strategies for
this preschool population should be especially directed at younger
children.
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Introduction

Iron deficiency is considered one of the most prevalent
nutritional disorders worldwide, affecting more than two
billion people.! Several studies have demonstrated that in
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Resumo

Objetivo: Avaliar fatores determinantes de anemia e deficiéncia de
ferro em criangas das duas creches da cidade de Pontal, sudeste do
Brasil.

Métodos: Estudo transversal foi realizado avaliando-se 192 crian-
gas com idades entre 12 e 72 meses. Dados pessoais (idade, sexo, uso
de ferro medicamentoso, duragdo do aleitamento materno, tipo de
parto, cuidados pré-natais, peso e estatura) e dados sécio-econdmicos
(nimero de co-habitantes, escolaridade dos pais e renda per capita
familiar) foram obtidos e correlacionados com hemoglobina, receptores
de transferrina, ferritina e anemia ferropriva.

Resultados: A idade foi a varidvel mais afetada pelo estado
nutricional de ferro, correlacionando-se com maiores valores de hemo-
globina e ferritina e menores valores de receptor de tranferrina, sendo
que menos anemia ferropriva foi detectada quanto maior a idade. As
outras variaveis estudadas ndo apresentaram correlagdo com o estado
nutricional de ferro.

Conclusdo: Os dados sugerem que as estratégias de controle para
essa populagdo de criangas pré-escolares devem ser direcionadas
especialmente para aquelas de menor idade.

J Pediatr (Rio J). 2004,;80(3):229-34: Anemia, deficiéncia de ferro,
criangas.

children, especially those under the age of five, iron deficiency
anemia (IDA) is related, among other alterations, to low
scores in mental development and motor activity tests, a
fact that may lead to irreversible sequelae even in the
presence of adequate treatment.2:3

Despite the lack of comprehensive national studies,
regional data have shown a substantial increase in the
prevalence of anemia in Brazil, with this increase being
observed among both males and females, from all age
groups and all socioeconomic levels of the population.*

Ultimately iron deficiency and anemia are due to a
negative iron balance in the organism. Despite the apparent
simplicity of the model, few advances have been made in
terms of reducing IDA prevalence, probably due to the fact
that this negative balance is the final result of a series of bio-
socioeconomic-cultural factors acting on the child. For
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example, in contrast to the low global prevalence of childhood
anemia, the prevalence of IDA in children living at the
periphery of large cities in the United States was found to be
similar to that observed for developing countries.> In
addition, several studies have shown a clear correlation
between iron deficiency and anemia and a series of
determinants, such as a high number of co-inhabitants,%:7
low educational level of the mother,® high incidence of
cesarean section,8 low educational level of the father,® low
per capita family income,”:19and poor general socioeconomic
conditions.!! Thus, an understanding of the risk factors for
each population is fundamental in order to provide efficient
preventive and control measures. Within this context, the
aim of the present study was to investigate the determining
factors of anemia and iron deficiency among low-income
preschool children who attend full-time public day care
center, in order to provide a more detailed knowledge of the
problem and to produce directives for a management
program that is not only directed at the studied population,
but also at populations with similar epidemiological
characteristics.

Patients and methods

The study was carried out in the town of Pontal, state of
Sdo Paulo, southeast of Brazil, from July 1 to December 31,
1999. The study population was comprised of 225 children,
aged 12 months (completed) to 72 months (incompleted)
who attended two public day care centers: Creche Sao Pedro
and Centro de Convivéncia Infantil (CCI). Excluded from the
study were children who presented acute disease during the
last two weeks preceding the study (23 children); children
with diagnosed chronic diseases such as asthma, diabetes,
collagen disease and heart disease (12 children), which
mightinterfere with growth or lead to deformities that would
impair the anthropometric measurements (two children);
children with known hematological diseases except for IDA
(four children); children on iron medication at the time of or
30 days prior to material collection (eight children), and
children with a history of prematurity or low birth weight (14
children). After selection, 192 children were included in the
study. The two day care centers in the municipality receive
alow-income population, with both parents working outside
home so that their children have to be cared for at full-time
institution.

Personal and family data were obtained from each child
on asingle occasion by interviewing the parents or responsible
persons. Weight and height were measured with an adequate
apparatus, which was properly calibrated using accurate,
internationally accepted techniques.l? Weight-for-age,
weight-for-height and height-for-age z scores were
determined for each child according to the recommendations
of the World Health Organization.13:14 Venous blood was
collected on the same day as the anthropometric
measurements. Hemoglobin was determined with a Coulter
T-890 automatic cell counter (series 6704465, New York,
USA), serum ferritin was measured by an enzyme-linked
fluorescent assay (ELFA) using the BIO-MERIEUX MiniVidas
model (series SV 122588, Missouri, USA), transferrin receptor
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levels were determined by an immunoenzyme assay
(Quantikine DVD kit, R&D Systems Minneapolis, USA), with
absorbance being read in an ELISA microplate Reader 210
coupled to a Washer 200-Microwell System (Organon Teknica,
Austria), and red blood cells were analyzed using the
sickling test (sodium metabisulfite method) for differential
diagnosis with sickle cell anemia.

The response variables were hemoglobin, transferrin
receptor, ferritin and IDA. Children showing hemoglobin
levels below the cut-off point associated with increased
transferrin receptor and/or reduced ferritin levels were
considered to have IDA. The explanatory variables were
divided into two groups:

1) quantitative explanatory variables: age, weight-for-
age z score, weight-for-height z score and height-for-age z
score;

2) qualitative explanatory or categorized quantitative
variables: day care center (Sdo Pedro or CCI), sex (male
or female), prenatal care during pregnancy (yes or no),
number of co-inhabitants (less than 4 or 4 or more),
educational level of the father (illiterate or some schooling),
educational level of the mother (illiterate or some
schooling), previous treatment with iron salt (yes or no),
type of delivery (normal or cesarean section), breast-
feeding (exclusive: breast milk with no other foods or
liquids; predominant: breast milk with other liquids as
water or fruit juices but not milk or complementary foods;
complemented: breast milk with complementary foods or
liquids)!> or not (less than 2 months, 2 to 6 months, or
more than 6 months), and monthly per capita family
income (equal/more than R$ 150.00).

Normality tests were carried out for each response
variable (hemoglobin, ferritin and transferrin receptor) at
each level of the nominal qualitative explanatory variables
in order to choose the most adequate statistical procedure
for data analysis. Since normality was rejected by various
tests (at the 5% level of significance), nonparametric
procedures were employed. 16 The effects of the qualitative/
quantitative explanatory categorized variables on the
response variables were determined using the Mann-Whitney
and Kruskal-Wallis tests, with the level of significance set at
5%. The effects of the quantitative explanatory variables on
the response variables were evaluated using the Spearman
correlation coefficient, followed by the association test, with
the level of significance set at 5%.

Logistic regression analysis was used to determine the
influence of explanatory variables on IDA. All children with
anemia and, at least, one positive indicator of iron deficiency
have been included (hb < 11 mg/dl and ferritin < 12 ng/ml
and/or transferrin receptor > 28 nmol/ml). Univariate
analysis was used first (at the 5% level of significance) to
assess the independent effect of each variable on IDA and
than (at the 20% level of significance) to determine the
variables for the multivariate analysis.1”

The study was approved by the Medical Research Ethics
Committee of the University Hospital, School of Medicine of
Ribeirdo Preto, Universidade de Sao Paulo.
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Results

The prevalence of anemia (192 children evaluated, hb <
11 mg/dl) was 62.5%. The prevalence of iron deficiency
varied according to the indicator studied, being 24.2% on
the basis of ferritin (132 children evaluated, ferritin < 12
ng/ml), and 62.9% on the basis of transferrin receptors
(124 children evaluated, transferrin receptor > 28 nmol/ml).
Among the 119 children submitted to all laboratory tests,
proven iron deficiency anemia (hb < 11 mg/dl and ferritin
< 12 ng/ml and/or transferrin receptor > 28 nmol/ml) was
present in 51.3% of cases.

Tables 1 and 2 show the effects of the individually
analyzed explanatory variables on the response variables.
The day care center, at which the child was enrolled, and
sex did not influence hemoglobin, ferritin or transferrin
receptor values, thus permitting the analysis of boys and
girls from the two institutions as a whole for the remaining
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explanatory variables. Only age showed a positive
correlation with hemoglobin and ferritin concentrations
and a negative correlation with transferrin receptor levels.

Table 3 shows the number of children for each analysis
(n) and the p value obtained upon univariate logistic
regression analysis used to determine the influence of the
explanatory variables on IDA. A significant (0.05) effect was
only observed for age (p = 0.03), with younger children
showing higher probability of been anemic.

Table 4 shows the p values obtained upon multiple
logistic regression analysis. In this case, 163 children, for
whom complete observations had been obtained for all
variables with p values < 0.2 (Table 3). At the level of
significance established (alpha = 0.05), the results
corroborated those obtained by univariate analysis, i.e.,
age was the only variable that had a significant effect on
IDA.

Table 1 - Percentiles (25, 50 and 75) of hemoglobin, transferrin receptor and ferritin and p value at each level of the qualitative variables
Variable Category Hemoglobin Transferrin receptor Ferritin
n P25 P50 P75 p n P25 P50 P75 p n P25 P50 P75 p

Day care Sdo Pedro 84 104 109 114 55 27.3 35.0 43.1 58 10.0 24.9 41.8
center CCI 108 10.2 109 11.6 0.90 69 25.8 325 39.0 0.25 74 12.4 20.0 32.9 0.65
Sex Female 87 104 10.9 11.6 60 26.0 32.5 39.6 61 12.4 254 37.4

Male 105 10.3 11 11.4 0.89 64 26.1 34.2 41.7 0.55 71 11.6 20.5 34.1 0.54
Prenatal care Yes 143 10.3 10.9 114 93 25.6  32.5 40.3 100 12.2 23.1 34.3

No 13 10.6 11 11.7 0.47 8 26.5 36.6 42.7 0.68 8 10.2 23.0 34.6 0.77
Number of Less than 4 26 10.1 10.9 11.3 15 23.9 39.0 55.8 16 8.9 14.2  26.9
co-inhabitants | 4 or more 160 10.4 11 11.6 0.17 | 107 26.3 32.5 40.0 0.42 114 12,2 23.1 36.5 0.09
Father’s Illiterate 30 10.5 11.1 114 20 26.1 39.1 511 19 8.9 19.6 30.6
educational Some
level schooling 146 10.3 10.9 11.4 0.49 96 26.3 33.5 39.6 0.20 105 12,2 21.2 37.4 0.17
Mother’s Illiterate 26 10.3 10.7 11.3 16 25.2 40.1 48.5 16 7.1 15.9 30.4
educational Some
level schooling 160 104 10.9 11.6 0.28 106 26.3 32.5 39.1 0.12 114 12.4 21.9 35.4 0.13
Previous No 96 10.2 109 114 59 26.3 32.5 45.6 60 11.6 23.3 35.2
treatment Yes 96 10.4 11 11.5 0.30 65 25.6 33.8 40.0 0.43 72 12.2 20.7 33.1 0.76
Type of Normal 112 10.3 11 11.6 73 25.8 33.6 41.1 79 12.2 22,6 36.5
delivery Cesarean 70 10.4 109 11.4 0.52 44 26.2 31.7 39.3 0.64 47 11.4 20.8 32.9 0.52
Per capita U$ 50.00
family or more 57 10.4 109 11.6 42 27.2 344 42.3 42 9.8 21.0 31.7
income Less than

U$ 50.00 129 10.4 11 11.4 0.71 80 25.8 325 40.0 0.44 88 12.1 224 37.0 0.32
Duration of Lessthan2m | 60 10.4 10.9 11.5 43 26.4 34.2 41.1 43 11.2 19.6 344
breast- 2to6m 62 9.7 10.8 11.3 39 25,6 32.5 456 42 11.6 24.8 45.3
feeding More than 6 m | 66 10.7 11.1 11.7 0.08 40 25.8 31.7 40.0 0.79 45 12.9 22.6 34.1 0.83
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Table 2 - Spearman correlation coefficient and p values obtained by the association test between the quantitative
explanatory variables and the response variables hemoglobin, transferrin receptor and ferritin

Variable Hemoglobin Transferrin receptor Ferritin
Coefficient p Coefficient P Coefficient P
Age 0.11 < 0.01 -0.62 < 0.01 0.30 < 0.01
Weight-for-age z score 0.05 0.48 -0.04 0.67 -0.02 0.86
Weight-for-height z score -0.04 0.63 0.05 0.60 0 0.96
Height-for-age z score 0.06 0.40 -0.01 0.88 -0.03 0.71

Table 3 - Effect of independent variables on iron deficiency
anemia determined by univariate logistic regression

analysis
Variable n p
Day care center 173 0.56
Sex 173 0.75
Prenatal care 139 0.44
Number of co-inhabitants 167 0.08 *
Father’s educational level 158 0.98
Mother’s educational level 167 0.23
Previous treatment 173 0.89
Type of delivery 163 0.72
Per capita family income 167 0.79
Duration of breast-feeding
(2 to 6 months) 169 0.08 *
Duration of breast-feeding
(more than 6 months) 169 0.07 *
Age 173 0.03 *
Weight-for-age z score 173 0.78
Weight-for-height z score 173 0.24
Height-for-age z score 173 0.34
*p<0.20 Tp<0.05
Discussion

The determination of factors that influence the occurrence
and maintenance of anemia and iron deficiency in a population
is fundamental for the implementation of control measures.
Although the present study was conducted on a specific
population, it is possible to extrapolate the data obtained
here to developing countries and to low-income
subpopulations in developed countries under similar
socioeconomic conditions.

Among the factors analyzed, only age exerted an influence
on all iron nutritional status indicators studied. With respect
to hemoglobin concentration, the same trend was observed
in other studies carried out under different conditions.18-21

Nicklas et al.,22 studying preschool children in Haiti, observed
a correlation between hemoglobin and age and suggested
that children are able to consume a more varied diet with
increasing age, thusimproving their hematological indicators.
The correlation observed between age and transferrin
receptor levels, with these levels decreasing with increasing
age, demonstrates increased tissue availability of iron in
older children. With respect to ferritin, Nicklas et al.22 also
observed increased ferritin values with increasing age in
Haitian children aged two to five years. The correlation
between age and IDA in fact permits us to suppose that
younger children have a higher probability of manifesting
the whole spectrum of iron deficiency, ranging from a
decline in iron reserves to iron deficiency anemia. On the
other hand, it is fundamental to continue the discussion
about reference values and the eventual need of adjusting
them to age, a requirement that can only be satisfied with
studies determining clinical-laboratory correlations.

With respect to the other variables studied, previous
iron treatment, although present in half the children, did
notinfluenceiron status. Based on the known fact that the
recovery of deficiency indicators follows the inverse order
of depletion, i.e., recovery of hemoglobin occurs first
while ferritin recovery is last, previous iron therapy would
be expected to lead to higher hemoglobin concentrations,
but this was not the case. Mahu et al.,23 studying 384
children from Réunion aged less than six years, also did
not find any effect of previous iron therapy on hemoglobin

Table 4 - Effect of different variables on iron deficiency anemia
determined by multiple logistic regression analysis

Variable P
Number of co-inhabitants 0.12
Duration of breast-feeding (2 to 6 months) 0.32
Duration of breast-feeding (more than 6 months) 0.06
Age 0.04 *

*p<0.05
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values. Roughead & Hunt?4 observed that supplementation
with medicinal iron reduces the absorption of non-heme
iron from the diet in adults, a fact that in many cases
nullifies its beneficial effect oniron reserves. On the other
hand, this observation mightindicate that oral iron therapy
in the way usually performed in Brazil, i.e., daily doses of
iron salt, is not sufficient to combat anemia and iron
deficiency. In fact, several authors have demonstrated
that the high incidence of side effects nearly always leads
to poor compliance with this type of treatment.25:26

Studies carried out in different parts of the world have
shown conflicting results regarding the correlation between
anemia and anthropometric indicators. De Almeida et
al.2? did not find any influence of the z scores of
anthropometric measurements on hemoglobin values,
although it should be noted that the study population
showed low prevalence of undernutrition and obesity. In
contrast, O’Donnell et al.,8 studying deprived preschool
children from Buenos Aires, observed a correlation between
anemia and a low height-for-age z score. In fact, no
correlation has been observed between anemia and
anthropometric indicators among populations with
adequate nutritional status.”.23

According to the current model, ferritin, the iron
reserve in the organism, is the first compartment to be
depleted in the case of a negative iron balance.28 One
would therefore assume that the determinants assessed
here exert a greater effect on this variable than on the
other parameters studied, but this was not the case. In
fact, other authors have observed correlations between
ferritin and different variables such as body weight,2° low
social class,30 and sex.3! The evaluation of the effect of
the time of use of maternal milk on ferritin would be of
particular interest. In the present study, no difference
was observed between the three groups studied. Innis et
al.32 observed that breast-feeding resulted in lower ferritin
levels in Canadian children, irrespective of its duration.
Hokama33 found lower ferritin levels in Japanese children
who were exclusively breast-feed compared to those
receiving milk from other sources as complementation.
Several studies, such as those of Saarinen34 in Turkey,
Pastel et al.35 in Peruvian children and Franco et al.3% in
Chile, have demonstrated that [even] exclusive breast-
feeding is able to maintain adequate iron reserves,
represented by satisfactory ferritin levels, until at least
six months of age. The data obtained in the present study
showed no correlation between iron nutritional status and
short- or long-term breast-feeding for the age group
studied. Various limitations should be taken into account
when interpreting this result. The main limitation was the
fact that, in the breast-feeding group we did not
discriminate between exclusive and non-exclusive, but
only considered the effect of breast-feeding as a good iron
source for the child. Another possible bias was the fact
that all age groups were analyzed as a whole, which might
have diluted the effect of the variable at the time when
younger, recently weaned children were analyzed together
with other much older children who had already been
submitted to different diets during life.

Jornal de Pediatria - Vol. 80, N°3, 2004 233

In contrast to other deprivation diseases in which
control strategies always comprise intervention within the
socioeconomic context, the obtained data indicate more
objective and feasible approaches for the population studied.
Specifically, effort and financial resources should be
concentrated on the implementation of measures aiming at
increasing the iron supply, especially for younger children,
through medication and fortification of habitually consumed
foods. Similarly, other countries, especially developing
countries, that were able to control protein-calorie
malnutrition but that continue to show high prevalence of
anemia, may require similar strategies for the control of this
highly important world public health problem.
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