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Socioeconomic and dietary risk factors for anemia
in children aged 6 to 59months

Maria A. A. Oliveira,1 Mônica M. Osório,2 Maria C. F. Raposo3

Abstract
Objective: The objective of this studywas to use statisticalmodeling to identify risk factors for anemia in children

aged 6 to 59 months in the state of Pernambuco, covering socioeconomic and dietary aspects.

Methods: The sample comprised 746 children aged between 6 and 59 months from the state of Pernambuco.

Their hemoglobin was assayed and a 24-hour dietary recall performed. Risk of anemia was analyzed with relation to

socioeconomic variables and to dietary intakes, using multivariate analysis models.

Results: The risk factors for anemia were: a high proportion of calories from cow’s milk, low density of nonheme

iron, low age and low maternal educational level; age was the most prominent factor, with children under 24 months

exhibiting 3.61 times greater risk of being anemic than the older children.

Conclusions: This study confirms the need for a clear picture of the dietary intake of children in Brazil, in order

that associationswith anemia can be better understood. Our results revealed that the dietary factorswhichweremost

responsible for risk of anemiawere a greater proportion of calories fromcow’smilk and lower density of nonheme iron,

in addition to age below 24 months and low maternal educational level.
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Introduction

Iron deficiency anemia is the result of the interaction of

multiple etiological factors which lead to an imbalance

between requirements of the organism and the quantity of

iron absorbed. The anemia risk factors most often cited in

the literature are low family income and low maternal level

of education, lack of access to healthcare services,

inadequate sanitary conditions and a diet with insufficient

quantities of iron.1-4 among the factors associated with the

diet, research has identified low iron intake and low

consumption of foods that aid its absorption, deficiencies of

other nutrients involved in ironmetabolism, such as vitamin

A, and the presence of iron absorption inhibitors.5-7 Among

smaller children the determinants of this problem thatmost

stand out are intense growth velocity, low birth weight and

early weaning and complementary feeding based on cow’s

milk with late introduction of heme iron-rich foods (meat).8

the results of studies undertaken in metropolitan São

Paulo and the state of Paraíba, demonstrate that over the

last three decades the prevalence of anemia in children

under five years has increased, without any significant

deterioration in these populations’ socioeconomic indica-

tors.1,9

This being so, recent research emphasizes an ever

growing need to analyze dietary habits of children,

identifying possible indicators or dietary components that

could be associated with anemia.4,10,11 Monteiro et al.1

found that the density of iron in the diet, was a decisive
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factor in increasingor reducing the risk of anemia in children

from0 to59months in the city ofSãoPaulo. In the samecity,

Levy-Costa & Monteiro12 found an association between the

proportion of dietary calories supplied by cow’s milk and

anemia in children fromsix to59months, i.e., as the fraction

of the diet accounted for by cow's milk increased,

hemoglobin concentration reduced and the risk of anemia

increased.

In the city of Goiânia, Hadler et al.13 also observed that

consumption of liquid cow’s milk was positively associated

with anemia prevalence among children aged 6 to 12

months. Male et al.,14 studied children from the same age

group and demonstrated that the most important dietary

risk factor for anemia is premature introduction of cow’s

milk and that longer periods of feeding on cow’s milk had a

strong, and consistent, negative effect of hemoglobin

concentration.

Bearing in mind the importance of identifying the

determinants of childhood anemia, in order to better plan

preventative actions, this study was proposed with the

objective of identifying the socioeconomic and dietary risk

factors for anemia in children from 6 to 59months of age, in

Pernambuco state, Brazil, bymeans of statistical modeling.

Methods

This study is based on a database that was compiled as

part of the II Statewide Health and Nutrition Survey,15

carried out in Pernambuco, Brazil between February and

May in 1997. The random sample was selected in three

stages: administrative regions (municipalities), census

sectors and homes. In order to allow for comparison with

the I Statewide Health and Nutrition Survey,16 the same 18

municipalities that had been chosen for the first survey by

simple randomization were used once more here. Also in

commonwith the previous survey, it was defined in advance

that a total of 46 children would be investigated from each

census sector chosen. Starting from this definition a simple

randomization by lots was employed to choose census

sectors, respecting the proportionality of the population of

each municipality, resulting in 45 census sectors chosen

from the total number of 2,655. Finally, working frommaps

of the census sectors, the children under 5 years old were

chosen by systematic randomization. A total of 2,078

children were studied and a subset of 1/3 of these, 992

children, were selected systematically for the dietary intake

survey and hemoglobin assays. Twenty-four of this sample

were excluded due to inconsistencies in answers given to

dietary recall questionnaires, in addition to 222 infants

under 6 months old who had not had blood samples taken

for hemoglobin assay. The final study sample therefore

comprised 746 children from 6 to 59 months old.

Data collection was performed in interviews during

home visits, using a questionnaire covering data on age and

sex of the child, family income per capita, maternal

education and other information.

Hemoglobin was assayed in blood samples taken by

venous puncture, using Hemocue direct reading

equipment. The use of venous puncture was justifiable

because abattery of other laboratory analyses, unrelated to

this study, were also being carried out. Children were

defined as anemic if their hemoglobin concentration was

below 11 g/dL, in accordance with World Health

Organization criteria.17

A 24-hour dietary recall questionnaire was used to

obtain data on the dietary intake of children under 5. The

biological or adoptive mother, or the adult responsible for

the child, was interviewed and details recorded on meal

times, foods eaten, preparation methods and brand names

(for industrialized foods) in addition to the quantities

prepared, offered to and consumed by the child, in both

traditional measures (cups, spoons etc.) and measures of

volume. Foods consumed at all daily meals were included

(breakfast, snacks, lunch, dinner and supper), and when

quantities were given in traditional measures these were

later converted into net weight, thus allowing the data to be

analyzed both qualitatively and quantitatively.

A database was compiled containing the dietary intake

information using Virtual Nutri software18 in order to

analyze the nutritional composition of foods in terms of

macronutrients and micronutrients. Breastmilk intake was

estimated from the number of feeds given, scaling volume

per feed according the age of child.18

Dietary iron density was calculated by summing the

total quantity of iron (mg) consumed by the child, dividing

this figure by the sum total of calories consumed during the

day andmultiplying the result by 1,000. For the purposes of

this study, total, heme and nonheme dietary iron were

expressed in mg of iron per 1,000 kcal in the diet.

Dietary heme iron was represented by the total daily

quantity of iron originating frommeat, poultry and fish, and

nonheme iron was obtained by summing the iron from all

other foods.

Daily milk consumption was determined in mL of liquid

milk (in natura, pasteurized and UHT or commercially

sterilized). When powdered milk was being used, the

quantities reported (in g) were converted into liquid-milk

equivalents (in mL). A dilution constant of 12.93% was

adopted for this calculation, obtained from the mean

dilution rate fed to a randomly-selected subset of 82

children, equivalent to 20% of those who were fed

powdered milk. The proportion of dietary calories provided
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by milk was obtained by dividing dietary calories sourced

frommilk (kcal) by total dietary calories (kcal) consumedby

the child in 1 day.

Initially a descriptive analysis wasmade of the variables

related to diet: total iron, heme iron, nonheme iron and iron

density (total, heme and nonheme) and proportion of cow’s

milk calories in the diet, by age and sex of the children. The

medians of these variables were used as cutoffs in order to

categorize them into dichotomous variables. Student’s t

test was used to comparemean hemoglobin concentrations

when the variable presented two categories. For variables

with more than two categories and which exhibited normal

distribution, the ANOVA mean comparison test was used

and, when significant differences were detected, the Tukey

test was used to identify which categories differed. When

variables exhibited an asymmetrical distribution, the

Kruskal-Wallis nonparametric test was used. In order to

deepen the analysis, risk of anemia was determined using

logistic regression, with anemia as the dependent variable

(present or absent) and as possible risk factors those

variables which had demonstrated significant associations

under bivariate analysis: the proportion of calories from

cow’s milk, iron density (heme and nonheme), age,

maternal education and family income per capita. The final

model was arrived at by the best choice regression equation

procedure, leaving just those variables with statistical

significance. As a function of the sample size, it was

necessary to transform these variables into dichotomous

ones, taking their medians as a basis for categorization,

while the measure of their influence on the risk of anemia

was expressed as odds ratios (OR). The OR of each variable

was first analyzed separately (bivariate analysis) and then

the logistic regression model was adjusted for all variables,

with only those with p < 0.05 remaining in the final model.

This research meets the regulatory standards for

research involving human beings, resolution 196/96 of the

National Health Council (Conselho National de Saúde), and

was approved by the Research Ethics Committee at the

Instituto Materno Infantil de Pernambuco. Those children

diagnosed as anemic received treatment with 3 mg of

elemental iron (in the form of ferrous sulphate) per kg of

weight per week for 6 months.

Results
The sample studied here comprised 746 children aged 6

to 49 months from the state of Pernambuco, Brazil. Mean

age was around 28 months, and distribution by sex was

homogeneous (50.9% male, 49.1% female). The children

had a mean hemoglobin concentration of 10,9±1,6 g/dL

and an anemia prevalence of 40.6%. Cow’s milk

consumption was highly predominant, with 88.9% of

children consuming the food.

Table 1 shows the mean proportion of calories from

cow’s milk and the median density of total iron, heme iron

and nonheme iron in the dietary intake of children aged 6 to

59 months in the state of Pernambuco, by age group. Note

that there were no significant differences between sexes in

the proportion of calories from cow’s milk or in iron density

(total, heme or nonheme). The mean proportion of calories

from cow’s milk exhibited statistically significant

differences between age groups. The last two age

categories are similar (≥36 months) and differ from the

others (Tukey test p < 0.05). Total iron and heme iron

densities increased significantly with age.

Table 2 contains the results of anemia risk factor

analysis by bivariate analysis and logistic regression.

Observe that in the bivariate analysis it was age that had

greatest influence on anemia rates, since children less than

24 months old presented a 3.61 times greater risk of being

anemic than children aged 24 months or more. The next

most influential variable was the proportion of cow’s milk

calories in the diet, where the risk of anemia wasmore than

doubled among children whose diets contained 27.6% or

more of calories from cow’s milk. Once the logistic

regression model had been adjusted, using the best-fit

regression equation procedure, the following variables

remained: proportion of cow’s milk calories, nonheme iron

density, age and maternal education. All of these variables

lost a proportion of their explanatory power, however, they

remained significant, and age remained the variable with

greatest influence over anemia rates.

Once the same procedure had been repeated, by age

group, it was observed that the two groups had different

models, with the model for children under 24 months

containing the variables maternal education and heme iron

density, which were maintained because they exhibited

levels of significance very close to the preestablished cutoff,

while themodel for children aged≥ 24months retained the

proportion of cow’s milk calories in the diet and nonheme

iron density as variables explanatory of the occurrence of

anemia (Table 3).

Discussion

Identificationof the risk factors for anemia is essential to

enable actions aimed at solving the problem to be planned,

especially in those regions where prevalence is elevated, as

is the case with the population studied here.19

In line with the tendency for anemia prevalence to

reduce as the age of children increases,whichwas observed

by Osório et al.19 in the same population and which is in

agreement with other studies,3,10,20 it is also observed that

the proportion of dietary calories that come from cow’smilk

also reduces as age increases, at the same time as iron
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density, especially heme iron density, is increasing. These

results are compatible with findings published by

Levy-Costa & Monteiro,12 for the city of São Paulo, and

reflect the changes that occur to the dietary profile of

children as they grow older, gradually developing from an

essentially milk-based diet to a more varied diet that is

closer to that of the rest of the family.21,22

Dietary iron densitywas very lowat all ages,with special

attention due to median heme iron which was zero up to 24

months of age, and negligible among the older children,

reflecting the low level of consumption of foods rich in the

nutrient. In the city of São Paulo, Levy-Costa & Monteiro12

observed mean heme iron density of 0.6 mg/1,000 kcal

among children under 12 months and 1.0 mg/1,000 kcal

from 12 to 24months. Studies undertaken in the Northeast

demonstrate that it is only after 2 years that there is a

progressive increase in the frequency and mean

consumption per capita of foods such as beans, meat and

subproducts.21,22 Although it is not yet entirely clear

through what mechanismmeat stimulates iron absorption,

there is evidence that it acts by reducing the suppressive

effect of polyphenols and phytates on nonheme iron

absorption and increases the bioavailability of heme iron.23

Since anemia is the result of a combination of several

factors simultaneously, it was decided that multivariate

analysis methods would be employed, raising the

explanatory power of the variables. Logistic regression

models were developed with the objective of better

understanding the relationship between anemia and the

explanatory variables.

The logistic regression analysis indicated a 3.14 times

greater risk of anemia among children under 24 months.

The first months of life are a critical period for growth and

development, with weight tripling and body surface area

doubling during the first year.24 Therefore, in order to

achieve this intense growth, children in this age group have

increased iron requirements, which should be met by their

diet. In practice, it is known that these requirements can

only be met by the consumption of substantial quantities of

animal products, especially meat and offal, or of fortified

foods.8 However, in the group studied here, the children’s

diets were based on cow’s milk, cereals and sugar, lacking

iron-rich foods.22

Among the socioeconomic variables, low maternal

educational level (less than 4 years’ schooling) increased

the risk of anemia by 1.59 times, with the remaining

variables in themodelmaintained constant. Taking children

under 24 months as a subset, this risk increased to 2.21

times, providing evidence for the importance of maternal

Table 1 - Mean proportion of dietary calories provided by cow’smilk andmedian iron density (total, heme and nonheme) in the diets
of children aged 6 to 59 months, by age and sex (Pernambuco, 1997)

Proportion of cow’s

milk calories (%)

Total Fe density

(mg/1.000 kcal)

Heme Fe density

(mg/1.000 kcal)

Non-heme density

(mg/1.000 kcal)

Variables Mean (SD) p P25 M P75 P P25 M P75 p P25 M P75 p

Sex

Male 29.1 (19.1) 0.93* 3.5 5.3 7.5 0.50* 0 0 1.4 0.71* 2.6 4.2 6.3 0.75*

Female 29.2 (21.8) 3.2 5.0 7.4 0 0 1.1 2.5 4.2 6.2

Age (months)

06|—12 44.8† (21.5) 0.000‡ 2.2 4.6 7.8 0.00§ 0 0 0 0.000§ 2.1 4.4 8.0 0.20§

12|—24 33.5† (18.6) 3.0 4.8 7.4 0 0 0.8 2.4 4.1 6.2

24|—36 27.4† (18.3) 3.4 5.1 7.0 0 0.5 1.7 2.4 3.9 5.8

36|—48 19.4|| (15.4) 4.3 6.3 8.1 0 0.5 2.2 3.1 4.5 6.2

≥ 48 15.2|| (14.5) 3.6 5.6 7.4 0 0.8 2.5 2.7 3.4 5.2

Total 5.2 3.3 7.4 0 0 1.2 2.6 4.3 6.2

Fe = iron; M = mean; SD = standard deviation.
* t test; † Tukey < 0.05; ‡ ANOVA; § Kruskal Wallis ( χ2); || Tukey ≥ 0.05.
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education, particularly to this age group. It is known that

mothers who have spent longer in education are associated

with better knowledge of healthcare, improved capacity to

employ the family income rationally andbetter employment

and remuneration prospects which in turn make better

childcare and nutrition more likely.1,25

The fact that per capita family income did not survive to

the final logistic regression model does not necessarily

mean that it is unimportant, since it may influence other

variables, such as the quality of the diet itself.4 Other

studies have detected associations between income and

anemia, but, when analyzed simultaneously with other

variables, explanatory power is reduced.4,20 Monteiro et

al.1 found that socioeconomic variables could not be used to

explain the tendency for anemia to increase inSãoPaulo city

during the eighties and nineties.

Still on the subject of variables related to diet, only

nonheme iron density, and not heme iron density, remained

in the final logistic regressionmodel for all children, with an

estimated 1.5 times greater risk to those whose nonheme

iron densitywas below4.14mg/1,000 kcal; in themodel for

theunder-24months subset, this riskwas1.78 times.When

modeling was by age groups, it is observed that heme iron

density begins to attain importance for children under 24

months, with an estimated 1.57 times greater risk of

anemia to children whose density is below 0.04 mg/1,000

kcal. Among these children, despite the general level of

Table 2 - Risk of anemia by age, socioeconomic and intake variables in children aged 6-59 months
(Pernambuco, 1997)

Bivariate analysis Logistic regression

Variables OR 95%CI OR 95%CI

Age (months)

≥ 24 1 1

< 24 3.61 2.67-4.31 3.14 2.27-4.34

Maternal education
(years)

≥ 4 1 1

< 4 1.73 1.29-2.32 1.59 1.16-2.17

Family income per capita
(MW)

≥ 0.50 1

< 0.50 1.71 1.27-2.30

Proportion of cow’s
milk calories (%)

< 27.6 1 1

≥ 27.6 2.27 1.69-3.04 1.57 1.14-2.16

Heme iron density
(mg/1.000 kcal)

≥ 0.04 1

< 0.04 2.11 1.58-2.83

Nonheme iron density
(mg/1.000 kcal)

≥ 4.14 1 1

< 4.14 1.56 1.17-2.08 1.50 1.10-2.05

95%CI = 95% confidence interval; OR = odds ratio; MW = multiples of the minimum monthly wage.
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heme iron-rich food consumption being low, any quantity

consumed appears to have a positive influence on iron

nutritional status.

The results demonstrate that cow’s milk contributes

approximately 45% of the total number of calories in the

diets of children aged 6 to 12months, reduced to 33.5% for

the 12 to 24 months subset. Indeed, the diets of children

aged 6 to 24 months were primarily made up of porridges

(milk added to flour and sugar), which produces increased

satiety and compromise intake of other foods rich in iron.22

This situation appears to be common in Northeast Brazilian,

where certain regional foods, including meat, offal, fish,

fruit and vegetables are not given to children under 2 years,

even when other family members eat them.21,22,26

Analyzing the entire sample as one, the logistic

regression model indicated that the risk of anemia among

children whose dietary calories were 27.6% or more from

cow’s milk was 1.57. When broken down by age, it was

observed that proportion of cow’s milk calories only

remained in the final model for children aged 24 months or

more. It could be thought that the explanatory power of the

variable would lie in the quantity of cow’smilk consumed, in

detriment to foods that are richer in iron. In fact, both the

proportion of cow’smilk calories and iron density (hemeand

nonheme) were adjusted for in the logistic models,

suggesting that there could be some factors intrinsic to

cow’s milk that could increase the risk of anemia.

Levy-Costa & Monteiro12 also found evidence that the

relative proportion of cow’smilk in the diet was significantly

associatedwith increased risk of anemia. The authors found

that a mean reduction of 50% in the energy value of the

cow’s milk fraction of diet, with its substitution by a pool of

habitual children’s foods, raised the mean heme iron and

nonheme iron densities by 25 and 14%, respectively, and

increasedmean hemoglobin concentration by 0.21 g/dL. In

contrast, when consumption of meat was increased 50%

andof beansby100%,hemoglobin concentration increased

by just 0.09 g/dL.

Works found in the literature describe the effects of

cow’s milk or its components (proteins and calcium) on

relative iron nutritional status, whether by inhibiting the

absorption of iron from other foods,27,28 or by occult blood

loss in feces.29,30 There is, however, a need formore studies

to elucidate these effects.

Table 3 - Risk of anemia, by socioeconomic and intake variables, split by age of child
(Pernambuco, 2004)

Variables OR (adjusted) 95%CI

Age < 24 months

Heme iron density (mg/1.000 kcal)

≥ 0.04 1

< 0.04 1.57 0.99-2.49

Maternal education (years)

≥ 4 1

< 4 2.21 1.41-3.46

Age ≥ 24 months

Proportion of cow’s milk calories (%)

< 27.6 1

≥ 27.6 1.89 1.20-2.96

Nonheme iron density (mg/1.000 kcal)

≥ 4.14 1

< 4.14 1.78 1.14-2.76

95%CI = 95% confidence interval; OR = odds ratio.
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It is worth pointing out that other variables related with

food consumption that are not considered in this study,

primarily with respect to factors that suppress (phytates

and polyphenols) and facilitate (vitamin C) absorption of

iron fromthediet, couldbeof substantial help in theanalysis

of the problem.

In general, it can be concluded that, age under 24

months, lowmaternal educational level, high proportions of

calories in the diet from cow’s milk and low nonheme iron

density were the determinant factors for risk of anemia.

The results of this study emphasize the importance of

profiling the dietary intake of the children in Brazil in order

that its association with anemia occurrence can be better

established and, in this way, provide a foundation for

healthcare and nutrition policies that aim to solve the

problem. As a preventative measure, in conjunction with

other strategies, it is necessary to implement nutritional

education actions, aiming to promote exclusive breastfeed-

ing up until 6 months of age and continued breastfeeding

until 2 years, to provide guidance on appropriate

complementary feeding, reducing cow’s milk consumption

and encouraging feeding with foods that have greater iron

density.
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