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Abstract
Objective: To assess nutritional iron status and anemia prevalence in children less than 5 years old at public

daycare centers in the city of Recife, PE, Brazil.

Methods: A cross-sectional study, with a systematic random sampling of 162 children aged 6 to 59 months.

Nutritional iron status was assessed in terms of body iron reserves (serum ferritin), transferrinemia (serum iron, total

ironbinding capacity, and transferrin saturation%), erythropoiesis (free erythrocyte protoporphyrin) andhemoglobin

production (hemoglobin).

Results: The prevalence of anemia (hemoglobin < 11.0 g/dL) was 55.6% (95%CI 47.3-63.5), evidence was

found of depleted iron stocks (serum ferritin < 12.0 ng/mL) in 30.8% (95%CI 22.9-39.3), low transferrinemia levels

(transferrin saturation % < 16) in 60.1% (95%CI 51.7-68.0) and deficient erythropoiesis (free erythrocyte

protoporphyrin > 40 µmol/mol heme) in 69.6% (95%CI 61.0-77.1) of the children. Iron parameters were not

correlated with sex (p > 0.05). However, children < 24months exhibited lower hemoglobin concentrations (p < 0.00)

and higher levels of free erythrocyte protoporphyrin (p < 0.000) and total iron binding capacity (p < 0.001) when

compared with children > 24 months. The significant correlation observed between reserves, transferrinemia and

erythropoiesis is a finding that is compatible with the expected lifecycle of iron in the body.

Conclusions: Iron deficiency and anemia appear to be an important public health problem among children less

than 5 years old at public daycare centers in Recife. Therefore, effective actions aimed at the prevention and control of

this deficiency are strongly recommended in this ecological context.
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Introduction

Iron deficiency affects around 2.1 billion people

worldwide, one third of whom exhibit clinical evidence of the

problem. In Brazil1-3 and in the state of Pernambuco, in

particular,4 studies with preschool children have found an

elevated prevalence of anemia, with rates of around 40%.

Additionally, studies of the tendency over time have

demonstrated a significant increase in the prevalence of this

nutritional disorder.2,3

Historically, several different parameters have been used

to assess the iron status of individuals, including their dietary

intake, hematological and biochemical parameters that are

predictive of the body’s iron reserves, transferrinemia and

erythropoiesis.5 The available laboratory parameters reflect

different stages of deprivation, encompassing a wide

spectrum that goes from subclinical deficiency to the onset of

anemia. Nevertheless, the great majority of these indicators

do not possess sufficient power of diagnostic discrimination,

in terms of sensitivity, specificity and predictive values, since

countless clinical conditions can alter their results without, in

fact, reflecting the body’s true nutritional iron status.

Therefore, it has been recommended that a combination of

these available indicators be used, taking into consideration

the inherent characteristics of the individual or population

group, prevalence and severity of deficiency, costs,

methodological complexity and susceptibility to laboratory

error.6

The objective of this article is to assess nutritional iron

status and anemia prevalence among children under 5 years

of age attending public daycare centers in the city of Recife,

PE, Brazil, in terms of abnormally low body iron reserves, low

transferrinemia, deficient erythropoiesis and anemia.

Methods

Cross-sectional study design, including children aged 6 to

59 months, of both sexes, enrolled at public daycare centers

run by the Recife City Council (Prefeitura) in 1999. Children

were excluded if they had consumed vitamin or mineral

supplements during the 30 days prior to data collection.

These daycare centers were attended by children with low

socioeconomic status were spending around 7 hours a day 5

days a week at the institutions. The diet provided comprised

fivemeals which, in principle,met dietary recommendations.

In order to determine the sample size, a censuswas taken

of the 34 public daycare centers in Recife, finding a total of

2,500 eligible children. Iron deficiency prevalence was

estimated at 40%,4 with a precision of 9% and a level of

confidence of 95. The sample size thus defined was 114

individual. In recognition of the possibility of losses and with

the objective of developing an analysis of the indicators, with

varying degrees of disaggregation, it was decided to correct

the sample size by 40%, making a total of 162 children,

selected bymeans of a systematic randomsampling process,

using a random number table.

In order to perform analysis of biochemical parameters,

5mL of blood was taken by puncture of the cubital vein, in the

morning with the child fasting for 12 hours. Samples were

taken and analyzed by researchers from the Center for

Micronutrients Investigation at the Universidade Federal da

Paraíba. Hemoglobin concentrations (Hb) were determined

using the cyanomethemoglobin method (Drabkin, Sigma

Chemical Co. St. Louis, MI, USA), with readings taken by

spectrophotometer (Spectrumlab, Spectrum Lab Products,

Gardena, LA, USA), with children considered anemic when

Hb < 11 g/dL.6

Serum ferritin (SF) was determined by enzyme

immunoassay, modified in a complete automation system

(System AxSym, Abbot Diagnostics, Abbot Park IL, USA).

Values of SF < 12 ng/mL were considered deficient.6 Serum

iron (SI) and total iron binding capacity, (TIBC) were

analyzed by the AAII-25 modified automatic colorimetric

method (Alpkem TFA analyzer, Clackamas, OR, USA). Levels

of SI < 50 µg/dL and TIBC > 400 µg/dL were adopted as

indicative of deficiency.6 The transferrin saturation

percentage (%TSat)was obtained from the ratio between the

SI and TIBC concentrations, with values < 16% considered

deficient.6 Analyses were carried out at the Clinical Analysis

Laboratory at the Hospital Universitário Lauro Wanderley –

UFPB. Free erythrocyte protoporphyrin (FEP) by the

hematofluorometric method (ZPP Hematofluoremeter, Aviv

Biomedical Inc., Lokewood, NJ, USA), by the Instituto de

Patologia Clínica Hermes Pardini, with deficiency defined as

values > 40 µmol/mol heme.6

Continuous variables were tested according to their

normality of distribution. Neither SF nor a FEP had Gaussian

distribution, and were transformed logarithmically (log10),

and presented as geometric mean + confidence interval.

Pearson’s chi-square testwasused to test thehomogeneityof

the variables sex, age and biochemical parameters. In order

to describe proportions, the binomial distribution was

approximated to normal distribution by the 95% confidence

interval. Proportions were compared with Pearson's

chi-square test with Yates' correction, where applicable, and

the chi-square test for linear tendencies, with the respective

odds ratios (OR). Associations between variables were

evaluated with Pearson's correlation. Mean values were

compared using Student’s t test for unpaired samples, (2

means) and ANOVA (> 2 means), using Scheffé as the a

posteriori test. A 5% significance level was adopted, and the

database will was constructed and statistical analyses

performed using the statistical software SPSS for Windows,

version 12.0 (SPSS Inc., Chicago, IL, USA).

The research project was approved by the Ethics

Committee at the Hospital Universitário Lauro Wanderley –
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UFPB and the Prince Lepold Institute of Tropical Medicine –

Antwerp, Belgium, in accordance with established standards

for research with human beings.

Results

One hundred and sixty-two children were studied. The

5.5%of children lost to the studywasdue to refusal of venous

puncture and problems related to collection, processing and

analysis of the biological material.

With reference to body reserves of iron and

transferrinemia and erythropoiesis (Table 1), the data

demonstrate that 30.5% (95%CI 22.9-39.3) of the children

exhibited ferritin concentration < 12 ng/mL. With reference

to transferrinemia, around 60% of the sample exhibited SI

values<50µg/dLandTSat<16%.Nevertheless, it shouldbe

pointed out that just 8.0% (95%CI 4.4-13.9) of the children

exhibited TIBC > 400 µg/dL. Even more significant was the

compromised erythropoiesis, represented by a FEP

concentration > 40 µmol/mol/heme in 69.6% of the children

assessed, characterizinga state of ferropeniawithout anemia

necessarily having taken hold.

The prevalence of anemia (Hb < 11.0 g/dL) was 55.6%

(95%CI 47.3-63.5), with a predominance of the mild form,

with 40.6% (95%CI 48.4-32.8) of the children exhibiting Hb

concentrations < 11.0 or > 9.0 g/dL. It should be noted that

no cases of severe anemia (Hb < 7.0 g/dL)6 were identified.

The mean values of the iron assessment parameters were

homogeneously distributed by sex (Table 2).

In contrast, it was observed that all parameters

demonstrated a correlationwith age, with the exception of SI

concentrations (r = 0.16; p = 0.05), although the statistical

validation criterion is on the threshold of rejection of the null

hypothesis. Both Hb (r = 0.38; p = 0.00) and SF (r = 0.26;

p = 0.00) demonstrated a direct correlation, whereas FEP

(r = -0.49; p= 0.00) and TIBC (r = -0.28; p= 0.00) exhibited

an inverse correlation with age.

The behavior of the parameters in the form of continuous

variables in relation to age categorized into 24-month

intervals did not demonstrate statistically significant

variations (p = 0.08) for SF levels, although the data indicate

tendency for mean concentrations to increase, pari passu as

age increases. The behavior of SI also indicated lower values

(35.4±25.3 µg/dL) in children less than 24months old, when

compared with those observed for children in the other age

groups, although without statistical significance (p = 0.2).

Concentrations of FEP and TIBC was significantly higher in

children less than 24 months old, and 80% (95%CI

58.7-92.4) of the children in that age group exhibited

TSat < 16%. Nevertheless, the tendency for the percentage

of childrenwith deficiency to decrease as age increased could

not be validated from a statistical point of view (p = 0.06).

This greater vulnerability to iron deficiency in children of

lower age was also observed when the behavior of Hb was

investigated, with a lower mean value (9.5±1.3 g/dL)

(p = 0.000) in the age group 0 to 24 months (Table 3), in

relation to the group of older children. This tendency is

accentuated when we evaluate the prevalence of severe

Table 1 - Prevalence of iron deficiency and anemia < 5 year-olds, in public daycare centers in Recife, PE, Brazil, 1999

Parameters (cutoff points)* N n % 95%CI

Hb (< 11 g/dL) 153 85 55.6 47.3-63.5

SF (< 12 ng/mL) 130 40 30.8 22.9-39.3

FEP (> 40 µmol/mol/heme) 135 94 69.6 61.0-77.1

SI (< 50 µg/dL) 148 92 62.2 53.8-69.9

TIBC (> 400 µg/dL) 150 12 8.0 4.4-13.9

TSat (< 16%) 148 89 60.1 51.7-68.0

95%CI = 95% confidence interval; FEP = free erythrocyte protoporphyrin; Hb = hemoglobin; SF = serum ferritin; SI = serum iron;
TIBC = total iron binding capacity; TSat = transferrin saturation.
* World Health Organization (2001).
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anemia (Hb < 9.5 g/dL), where approximately half of the

cases diagnosed (47%; 95%CI 29.5-65.0) were in this same

age group.

Odds ratios demonstrate that children less than 24

months old exhibited a significantly greater chance of being

ferropenic, when comparedwith those older than 48months,

with OR = 14.9 (95%CI 3.3-77.0) for Hb, OR = 6.3 (95%CI

1.6-26.2) for SF and OR = 10.3 (95%CI 1.8-76.2) for FEP.

Iron parameters reflecting reserve levels demonstrated a

significant correlation with erythropoiesis. In contrast, Hb

only correlated with FEP (Table 4).

Discussion

The elevated prevalence of anemia detected in the study

(55.6%), confirms that this is an important public health

problem in the institutionalized child population of the city of

Recife. This prevalence, to a certain extent, is in agreement

with data from earlier studies carried out in Pernambuco and

other states in the Northeast region of Brazil, for example

Paraíba3 and Sergipe.7

Thesedataareextremelyworryingdue to the fact that the

study population, being institutionalized, in principle should

have guaranteed access to a balanced diet, in addition to

general healthcare. One would, therefore, expect that the

prevalence of anemia would be lower than reported in other

strata of the population. According to Silva et al.,8 among the

factors that could be contributing to this picture of deficiency

figure a lack of knowledge of the nutritional status of these

children, before enrolling at the daycare centers, making it

possible thatmany childrenwere already anemic and had not

had sufficient time to recover from their state of deprivation;

a probable absence or low proportion of foods rich in iron in

the menus offered by the daycare centers; the presence of

inhibitory agents and/or a reduced proportion of facilitating

agents in the diet, leading to low absorption of the

bioavailable iron. Account should also be taken of the

unfavorable social economic conditions of these children,

which in homes living conditions that make them more

vulnerable to diarrhea, respiratory infections and intestinal

parasitosis, which can compromise, to a great extent, the

intake, absorption and biological utilization of iron.9

The low body iron reserves (SF < 12 ng/mL) of the

children studied (30.5%) demonstrate that this deficiency is

an important specific nutritional deprivation and among

preschool children at public daycare centers in Recife. The

comparability of the magnitude of in adequate iron reserves

with other reports in the specialized literature has beenmade

difficult by the scarcity of data, the use of different cutoff

points and the diversity of the study population.One example

of this diversity, in terms of the adoption of critical points of

Table 2 - Iron parameters, by sex, in children < 5 years old in public daycare centers in Recife, PE, Brazil, 1999

Sex

Male Female

Parameters n X ± SD n X ± SD p*

Hb (g/dL) 87 10.5±1.5 66 10.8±1.4 0.26

SF (ng/mL) 72 3.3 (3.0-3.7)† 58 3.3 (3.0-3.7)† 0.32

FEP (µmol/mol heme) 76 5.5 (5.3-5.7)† 59 5.5 (5.2-5.8)† 0.24

SI (µg/dL) 83 42.0±25.5 65 48.4±32.1 0.18

TIBC (400µg/dL) 85 317.1±64.6 65 297.9±52.7 0.05

%TSat (<16%) 50/83‡ 60.2±10.2§ 39/65‡ 60.0±12.3§ 0.98||

FEP = free erythrocyte protoporphyrin; Hb = hemoglobin; SD = standard deviation; SF = serum ferritin; SI = serum iron; TIBC = total
iron binding capacity; %TSat = transferrin saturation percentage.
* Student’s t test for unpaired samples.
† Geometric mean + confidence interval.
‡ Total male-female.
§ 95% confidence interval.
|| Chi-square test.
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normality and deficiency, can be observed in studies

undertaken in the 1980s and1990s,with reference values for

SF oscillating between 10 and 15 ng/mL.10,11

The high prevalence of deficient erythropoiesis, where

70.0% of the children exhibited elevated FEP, 62.0% lower

levels of SI and around 60.0% low%TSat, demonstrates that

transferrinemia is seriously compromised in the study

population. Nevertheless, one fact which merits better

investigation is that TIBC concentrations recorded an

extremely low prevalence of in adequate levels of

transferrinemia (8.0%). A study carried out by Rettmer et

al.12 with children and adolescents from the USA

Table 3 - Means and standard deviations for iron parameters, by age, in children < 5 years old at public daycare centers in
Recife, PE, Brazil, 1999

Age (months)

0-24 24-48 ≥ 48

Parameters X ± SD X ± SD X ± SD p*

Hb (g/dL) 9.5±1.3a 10.8±1.4b 11.3±1.2b,c 0.00

SF (ng/mL) 3.0 (2.5-3.7)† 3.3 (3.0-3.7)† 3.7 (3.3-4.1)† 0.08

FEP (µmol/mol heme) 6.7 (6.1-7.4)†a 5.5 (5.3-5.7)†b 5.0 (4.8-5.2)†b,c 0.00

SI (µg/dL) 35.4±25.3 47.1±28.5 45.2±30.5 0.2

TIBC (µg/dL) 340.3±73.9a 305.4±56.9b 293.8±49.7b,c 0.01

FEP = free erythrocyte protoporphyrin; Hb = hemoglobin; SD = standard deviation; SF = serum ferritin; SI = serum iron; TIBC = total
iron binding capacity.
* p = ANOVA + Scheffé (different letters indicate different means between age groups at a level of 5%).
† Geometric mean + confidence interval.

Table 4 - Matrix of correlations between iron assessment parameters , in children < 5 years old at public daycare centers in
Recife, PE, Brazil, 1999

Parameters Hb FerS FEP FeS TIBC %TS

Hb - -0.07 -0.49* 0.17 -0.05 0.16

SF -0.07 - -0.35* 0.37* -0.53* 0.44*

FEP -0.49 -0.35* - -0.40* 0.51* -0.54*

SI 0.17 0.37* -0.40* - -0.49* 0.90*

TIBC -0.05 -0.53* 0.51* -0.49* - -0.65*

%TSat 0.16 0.44* -0.54* 0.90* -0.65* -

* p < 0.05, Pearson’s correlation test (r).
FEP = free erythrocyte protoporphyrin; Hb = hemoglobin; SF = serum ferritin; SI = serum iron; TIBC = total iron binding capacity;
%TSat = transferrin saturation percentage.
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demonstrated a variable prevalence of deficient erythropoie-

sis, according to the laboratory test employed. The authors

observed that the proportion of inadequate %TSat reached

the figure of 27.9%, whereas the proportion of in adequate

FEP values was extremely low (3.1%). Nevertheless, it is

important to point out that the cutoff point adopted for FEP

was 80 µmol/mol heme, irrespective of the age group

assessed. Hamedani et al.,10 assessed children less than 6

years old in Pakistan, observing low concentrations of FeS in

57.8%of the children, although they employed 36.7µg/dL as

the critical level for depletion. In contrast, 43.9% of the

Pakistani children exhibited high TIBC values (> 398 µg/dL).

The extreme variability, in terms ofmagnitude, of the iron

deficiency and assessment parameters, when analyzed in

isolation, results in the issue of the need to usemore than one

parameter and so offer a wide spectrum that includes

transferrinemia, body iron reserves andanemia. ForMadanat

et al.,11 iron deficiency could be defined by a significant

reduction in %TSat, associated with microcytosis and

hypochromia. From this point of view, the inclusion of

hematological parameters that assess erythrocyte morphol-

ogy (MCV and RDW) and mean corpuscular hemoglobin

concentration (MCHC) would be of fundamental importance

for correct interpretation of the biochemical indicators.5

The homogenous distribution by sex of iron deficiency

and anemia observed in our patients, has been confirmed in

other studies.1,8,13,14 However, certain findings have pointed

to increased prevalence of anemia inmale children.2,3,15 This

could possibly be caused by the greater growth velocity

exhibited by boys at preschool ages, resulting in increased

demand for iron by the body, which is not being supplied by

the diet.15

The increased susceptibility of children under 24 months

old to depleted body iron reserves, deficient erythropoiesis

and anemia demonstrates that this is an age group at greater

risk of iron deprivation. It is a well-known fact that iron

deprivation affects, in a very significant manner, individuals

who are in a phase of accelerated growth, with consequent

increased iron requirements.15 Associated with this are short

duration of total and exclusive breastfeeding, the

introduction of cow’s milk to the diet, causing

micro-hemorrhages in the gastrointestinal tract, allied to the

introduction of amonotonous diet that is poor in iron and also

a greater predisposition to infectious and parasitic diseases,

are risk factors which could explain the increased

vulnerability of this age group to iron deficiency and

anemia.4,16,17

The inverse correlation between Hb levels with FEP

concentrations, observed in the study population, is a fact

also described by Serdar et al.18 This association is, in

principle, predictable, since the increase in unconjugated

protoporphyrin in erythrocytes would be the result of an

inadequate supply of iron at the cellular level and, therefore,

be insufficient for the formation of Hb. Nevertheless, an

absence of correlation was observed between Hb and the

other indicators of the nutritional iron status assessment,

when these parameters were compared as continuous

variables. This finding merits consideration when analyzed

according to the paradigm of the natural history of the

deprivation. It should however be noted that, in the specific

analysis of transferrinemia, %TSat demonstrated a discrete

tendency towards a positive correlation with Hb, although

this was not validated statistically. Considering that %TSat

represents a synthesis of the combination of the parameters

SI and TIBC, this indicator, in theory, should provide a more

coherent reading when interpreting the transferrinemia

results. It is in this manner that %TSat has often been

employed, as has FEP, for evaluation of erythropoiesis.11,19 A

group of factors that have not yet been fully elucidated could

provide a basis for a better understanding of these results.

One element to take into consideration when analyzing the

absence of correlation relates to the behavior of these

biochemical parameters in a biological environment. In the

specific case of SF, the low prevalence of children with

insufficient iron reserves, with relation to the prevalence of

anemia, would be an unexpected finding if viewed from the

perspective of the natural history of deprivation, in which

anemia would only have onset once the body’s iron reserves

had reached inadequate levels. Reports have shown the

extreme variability of SF and Hb concentrations that result

frompathological alterations, such as infectious processes.19

It is known thatSF is consideredapositiveproteinof theacute

phase, which increases significantly during infectious

processes, even during subclinical stages, irrespective of the

reserves of iron deposits in the body.20 It is therefore of

fundamental importance that analysis be undertaken of

concentrations in the body of markers of infectious

/inflammatory states no, for example, of C-reactive protein

(CRP), in order that a correct interpretation can be made of

the SF levels and, consequently, the body’s iron reserves.

The significant correlation between the parameters that

assess body iron reserves, transferrinemia and the

availability of iron for erythropoiesis demonstrates that this

association was compatible with the links in the metabolic

chain that make up the iron cycle in the body. With respect to

transferrinemia, the inverse relationship observed between

SI andTIBC levels can theoretically be explained, since,when

circulating mineral levels are reduced, there is an increase in

the concentration of transferrin in serum, assessed by TIBC.

On the other hand, the direct relationship observed between

SI and %TSat is also obvious, as is its inverse relationship

with TIBC. This finding is plausible since %TSat is a

parameter arrived at from the relationship between SI and
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TIBC. Therefore, when SF is reduced and/or TIBC increased,

%TSat tends to exhibit reduced values, confirming

deficiency. In turn, when the quantity of circulating iron

increasesand/or TIBCdecreases, the%TSatwill indicate that

the proportions of transferrinemia levels are adequate. This

association between body iron reserves, transferrinemia and

erythropoiesis was also observed by Hershko et al.21 in

children between 1 and 6 years old from a rural area in Israel.

Summing up, iron deficiency anemia is an important

health problem at the public daycare centers of Recife.

Insufficient body iron reserves were detected in around 30%

of the study population, and erythropoiesis status exhibited

abnormal transferrinemia levels in the ironplasmacycle,with

rates of deficiency that varied from69.6% for FEP to 8.0% for

TIBC. Children < 24 months old exhibit an increased

susceptibility to iron deficiency, in terms of depleted

reserves, deficient erythropoiesis and anemia. Therefore,

timely and effective measures for the prevention and control

of iron deprivation are to be recommended for this high-risk

population.

Acknowledgements

The authors are grateful to CAPES (Coordenação de

Aperfeiçoamento de Pessoal de Ensino Superior), part of the

Brazilian Ministry of Education, to Nutrition Third World

(Belgium) and to theBrazilianMinistry of Health, for technical

and financial support.

References

1. Assis AM, Santos LM,MartinsMC, AraújoMP, AmorimDQ,Morris
SS, et al. Distribuição da anemia em pré-escolares do semi-
árido da Bahia. Cad Saude Publica. 1997;13:237-44.

2. Monteiro CA, Szarfarc SC Mondini L. Tendência secular da
anemia na infância na cidade de São Paulo (1984- 1996). Rev
Saude Publica. 2000;34(6 Supl):62-72.

3. Oliveira RS, Diniz AS, Benigna MJ, Miranda-Silva SM, Lola MM,
Gonçalves MC, et al. Magnitude, distribuição espacial e
tendência da anemia em pré-escolares da Paraíba. Rev Saude
Publica. 2002;36:26-32.

4. Osório MM, Lira PI, Batista-Filho M, Ashworth A. Prevalence of
anemia in children 6-59 months old in the state of Pernambuco,
Brazil. Rev Panam Salud Publica. 2001;10:101-7.

5. Paiva AA, Rondó PH, Guerra-Shinohara EM. Parâmetros para
avaliação do estado nutricional de ferro. Rev Saude Publica.
2000;34:421-6.

6. World Health Organization. Iron deficiency anemia: assess-
ment, prevention and control: a guide for programmer
managers. Geneva:WHO 2001.

7. Governo de Sergipe, Secretaria Estadual de Saúde,
Universidade Federal da Bahia, Escola de Nutrição. III Pesquisa
de Saúde Materno-Infantil e Nutrição do Estado de Sergipe.
Brasília: 2001.

8. Silva LSM, Giugliani ERJ, Aerts DRGC. Prevalência e
determinantes de anemia em crianças de Porto Alegre, RS,
Brasil. Rev Saude Publica. 2001;35:66-73.

9. Neuman NA, Tanaka OY, Szarfarc SC, Guimarães PRV, Victora
CG. Prevalência e fatores de risco para anemia no Sul do Brasil.
Rev Saude Publica. 2000;34:56-63.

10. Hamedani P, Raza R, Bachand R, Manji M, Hashml K. Laboratory
diagnosis of iron deficiency in a developing country, Pakistan. J
Int Med Res. 1991;19:19-23.

11. Madanat F, El-Khateeb M, Tarawaneh M, Hijazi S. Serum ferritin
in evaluation of iron status in children. Acta Haematol.
1984;71:111-5.

12. Rettmer RL, Carlson TH, Origenes ML, Jack RM, Labb RF. Zinc
protoporphyrin/heme ratio for diagnosis of preanemic iron
deficiency. Pediatrics. 1999;104:e37.

13. Brunken GS, Guimarães LV, Fisberg M. Anemia em crianças
menores de 3 anos que freqüentamcreches públicas emperíodo
integral. J Pediatr (Rio J). 2002;78:50-6.

14. Moura EC, Santos AM, Pacheco CE. Anemia ferropriva em
escolares de Campinas, São Paulo: prevalência, sensibilidade e
especificidade de testes laboratoriais. Rev Bras Saude Matern
Infant. 2001;1:123-7.

15. Torres MAA, Sato K, Queiroz SS. Anemia em crianças menores
de dois anos atendidas nas unidades básicas de saúde no Estado
de São Paulo, Brasil. Rev Saude Publica. 1994;28:290-4.

16. Rivera F, Walter T. Efecto de la anemia ferropriva en el lactante
sobre el desarrollo psicológico del escolar. Rev Soc Bol Ped.
1997;36(Supl 1):S49-54.

17. Silva DG, Priore SE, Franceschini SC. Risk factors for anemia in
infants assisted by public health services: the importance of
feeding practices and iron supplementation. J Pediatr (Rio J).
2007;83:149-56.

18. Serdar MA, Sarici SU, Kurt I, Alpay F, Okutan V, Kurnaz L, et al.
The role of erythrocyte protoporphyrin in the diagnosis of iron
deficiency anemia of children. J Trop Pediatr. 2000;46:323-6.

19. Cook J. The nutritional assessment of iron status. Arch Latinoam
Nutr. 1999;49(3 Suppl 2):11S-14S.

20. Sankaranarayanan S, Untoro J, Erhardt J, Gross R, Rosales FJ.
Daily iron alone but not in combination withmultimicronutrients
increases plasma ferritin concentrations in indonesian infants
with inflammation. J Nutr. 2004;134;1916-22.

21. Hershko C, Bar-Or D, Gaziel Y, Naparstek E, Konijn AM, Gros-
sowicz N, et al. Diagnosis of iron deficiency anemia in a rural
population of children. Relative usefulness of serum ferritin, red
cell protoporphyrin, red cell indices, and transferrin saturation
determinations. Am J Clin Nutr. 1981;34:1600-10.

Correspondence:
Poliana Coelho Cabral
Rua Conselheiro Ribas, 131 - Casa Amarela
CEP 52070-400 – Recife, PE – Brazil
E-mail: pccabral@uol.com.br

376 Jornal de Pediatria - Vol. 83, No.4, 2007 Nutritional iron status and anemia in children – Vieira AC et al.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10886853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10886853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11428201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11428201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11575238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11575238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11575238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10973166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10973166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10769362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2019312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2019312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6421048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=6421048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10469820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10469820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10469820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14647812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14647812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14647812
http://www.scielo.cl/pdf/rcp/v67n4/art01.pdf
http://www.scielo.cl/pdf/rcp/v67n4/art01.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17426870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17426870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17426870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11191140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11191140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10971831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15284376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15284376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15284376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7270484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7270484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7270484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7270484


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


