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Risk factors for anemia in infants assisted by public
health services: the importance of feeding practices

and iron supplementation
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Abstract
Objective: To investigate risk factors for anemia in infants assisted by public health services.

Methods: In a cross-sectional study carried out in Viçosa, state of Minas Gerais, Brazil, 205 children from 6 to 12

months were evaluated. Socioeconomic, environmental and biological data were collected, as well as information on

child’s birth, nutritional status, maternal data, child health care practices, feeding practices, and iron

supplementation. Diagnosis of anemia was based on hemoglobin levels under 11 g/dL, using a portable Hemocue

photometer. To analyze variables associated with anemia, a hierarchical logistic regression model was used.

Results: The prevalence of anemiawas 57.6%. Family incomeper capita less than 0.5minimumwage, frequency

of fruit intake less than daily and lack of iron supplementation increased the chance of anemia among infants.

Conclusion: Adequate health and nutrition support to low income families, promotion of healthy nutritional

habits and prescription of iron supplements are of great importance to prevent andmanage anemia in infants assisted

by public health services.
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Introduction

Iron deficiency anemia affects infants at an increasingly

earlier age. The growing magnitude of the problem and its

impact on child growth, mental and psychomotor

development, characterize iron depletion as a major

nutritional problem in early life stages.1,2

During the first 2 years of life children are at high risk for

anemia, considering the reported high prevalence of anemia

in infants.3,4 Such fact is explained by the rapid growth and

the consequent increased demand for iron per kilogram of

body weight. In addition, especially after 6 months of age,

children need to get increasing amounts of iron from food,

which is subject to several absorption limitations.5

In Brazil, as well as in other developing nations, anemia

affects a significant number of children. In some Brazilian

municipalities, prevalences above 60% have been detected

in the first year of life.4,6-8 In the city of São Paulo, a secular

tendency towards an increasing number of cases of anemia

was observed in children under 5 years of age, with a 25%

increase in the years 1984/1985 and 1995/1996.4

Biological, socioeconomic, cultural and dietary factors

seem to be closely associated with anemia.9 Several studies
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indicate agegroup,6,10-12 family incomeper capita,4,6,11 type

of milk consumed,8,13,14 and concentration of iron in the

diet4,8 as themain factors associated with childhood anemia.

In face of themagnitude and severity of anemia in infancy

and the importance of understanding its population

distribution and etiology, the present study aims at

investigating risk factors for anemia in infants assisted by

public health services, considering dietary factors.

Methods

The present study was carried out in the municipality of

Viçosa, located in the state of Minas Gerais, Brazil. Viçosa has

approximately 300.2 km2 and 64,854 inhabitants, of which

1,057 are children under 1 year of age. In 2000, mortality

rates for children under 1 year was 27.56 per 1,000 live

births; illiteracy rateswere8.36% for thepopulation15years

or older; and 34.29% of children under 14 years came from

families earning less than 0.5 minimum wage.15

This study followed a cross-sectional design and was

undertaken from July 2002 to April 2003. The sample was

constituted of 205 infants from 6 to 12months who attended

public health services after being invited by health personnel

or community health agents. Parents or legal guardians were

informed about the research procedures before signing a

written consent authorizing the child’s participation in the

study.

The diagnosis of anemiawas based on hemoglobin levels.

Blood samples were collected by pricking the heel or annular

finger (in the case of children who were already walking).

Capillary blood sampleswere collected in amicrocuvette, and

the portable HemoCue photometer provided a direct reading

of the concentration of hemoglobin. A hemoglobin level of 11

g/dLwas used as a cutoff point for the diagnosis of anemia.1,2

Participants were also asked to complete a questionnaire

with items on socioeconomic, environmental and biological

aspects, as well as maternal characteristics, birth data,

information on child health, feeding practices, and iron

supplementation.

Weight and length were measured by undergraduate

nutrition students, who had been trained by the graduate

student responsible for the study, using an electronic scale

(Kratos, capacity 15 kg, graduation 5 g) and an

anthropometric scale (length 120 cm, graduation 0.1 cm).

Nutritional status was assessed by weight/age and

length/age, expressed in z scores, according to theguidelines

of the National Center for Health Statistics.16

For the dietary assessment, a food frequency

questionnaire and 24-hour recall was used. The food

frequency questionnaire was qualitative and selective for

foods high in iron and enhancers of iron absorption, defined

according to local feeding practices. Frequencies were

tabulated as daily, weekly (1 to 5 times per week) or rarely

(less than once a week). The 24-hour recall consisted of all

items consumedon thedayprior to the interview. This dietary

information allowed for the classification of main meals

(lunch or dinner) according to iron bioavailability, as

presented by Demayer.2 Meals with low iron bioavailability

contained less than 30 g of meat or less than 25 mg of

ascorbic acid; medium bioavailability meals had between 30

and 90 g of meat or between 25 and 75 mg of ascorbic acid;

high bioavailability meals contained more than 90 g of meat

ormore than75mgof ascorbic acid, or 30 to 90gofmeat plus

25 to 75 mg of ascorbic acid.

Data were entered in Epi-Info, version 6.02. Univariate

data analysis was also performed, estimating crude odds

ratios and their respective confidence intervals.

For data analysis, water supply, sewage and garbage

disposalwere grouped into a single variable, named “sanitary

housing conditions.” Lack of any of these items, such as

sewage, water supply and/or garbage disposal, resulted in a

classification of inadequate sanitary housing conditions,

while thepresenceof all threewas classified as adequate. The

immunization scheme was classified as incomplete when a

delay in the administration of any vaccine was noticed.

Morbidity in the last 15 days was identified based on parental

reports of flu, cold, diarrhea, infectious diseases, among

others. Duration of exclusive breastfeeding was defined as

the timeperiod duringwhich infants received only breastmilk

with no other liquid or solid feeding, except vitamin

supplements or prescription drugs. In regard to the type of

milk consumed,maternalmilk and iron fortified formulawere

grouped into a single category, as they are associated with a

reduced risk of anemiawhen compared to other types ofmilk.

Intake of breast milk along with other types of

non-iron-fortified milk (cow, goat or soy) or consumption of

only these typesofmilkwas included in adifferent category. A

low consumption of milk formulas (3.5%) was observed in

this sample. The administration of iron supplements refers to

the use of iron medicine during the study period.

A significance level of 20% was required to enter a

variable into themultivariatemodels, and a significance level

of 5% was required to indicate a statistically significant

association. Non-conditional hierarchical logistic regression

was used for multivariate analysis in SPSS version 10.0.

Hierarchical modeling has been used and recommended for

investigating risk factors in epidemiological studies.17 In

setting up a theoretical hierarchical model of anemia, the

following items were included in the analysis: at the first

level, socioeconomic and environmental conditions; at the

second level, biological characteristics, nutritional status,

maternal characteristics, birth data, and child health; at the

third level, feeding practices; and at the fourth level, iron

supplementation practices. Variables that showed significant
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association at higher levels continued to be part of lower level

models, even when not reaching statistical significance.

The present study was submitted to and approved by the

Research Ethics Committee of the Universidade Federal de

Viçosa.

Results

The prevalence of anemia in the 205 children studied was

57.6% (n = 118). Among anemic children, 41.5% (n = 49)

had hemoglobin levels below 9.5 mg/dL.

Results of the univariate analysis of the association

between anemia and other investigated variables are shown

in Tables 1, 2 and 3.

As presented in Table 1, among the variables regarding

socioeconomic and environmental conditions, only family

income per capita was associated with the presence of

anemia. Infants from families with an income of less than 0.5

minimum wage had a 2.54 greater chance of having anemia

when compared to those from families earningmore than 0.5

minimum wage.

Variables related to biological characteristics, nutritional

status, maternal information, birth data, and child health

were not statistically associated with anemia (Table 2).

Among feeding practices, eating red meat and the

frequency of eating liver and fruit were statistically

associated with anemia (Table 3).

Iron supplementation was strongly associated with

anemia (Table 3). Children who did not receive iron

supplements had a 2.37 greater chance of having anemia

than those who received iron supplements.

Table 4 shows the results of the hierarchical logistic

regression for anemia. In the first hierarchical block, family

income per capita, even after adjusting for sanitary housing

conditions, remained statistically associated with anemia

Table1 - Distribution of anemic andnon-anemic infants, crude odds ratio, and respective 95%confidence intervals according
to socioeconomic and environmental factors,Viçosa, MG, 2002-2003

Variables n Anemic Non-anemic % anemia Crude OR 95%CI p

Income per capita
(minimum wage)

200

≥ 0.5 17 25 40.5 1

< 0.5 100 58 63.3 2.54 1.19-5.43 0.007

Maternal education (years) 204

> 4 52 46 53.1 1

≤ 4 65 41 61.3 1.40 0.77-2.54 0.233

Household size 204

< 4 29 28 50.9 1

≥ 4 89 58 60.5 1.48 0.77-2.87 0.209

Sanitary housing conditions 205

Adequate 98 78 55.7 1

Inadequate 20 9 69.0 1.77 0.71-4.47 0.179

Father living at home 205

Yes 95 66 59.0 1

No 23 21 52.3 0.76 0.37-1.57 0.423

95%CI = 95% confidence interval; OR = odds ratio.
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Table2 - Distribution of anemic andnon-anemic infants, crude odds ratio, and respective 95%confidence intervals according
to biological characteristics, nutritional status, maternal information, birth data, and child health,Viçosa, MG,
2002-2003

Variables n Anemic Non-anemic % anemia Crude OR 95%CI p

Age (months) 205

9 |–12 59 48 55.1 1

6 |– 9 59 39 60.2 1.23 0.68-2.23 0.463

Sex 205

Female 49 46 51.6 1

Male 69 41 62.7 1.58 0.87-2.89 0.107

Weight/age index (z score) 205

≥ -1 88 55 61.5 1

< -1 30 32 48.4 0.59 0.31-1.12 0.080

Length/age index (z score) 205

≥ -1 82 57 59.0 1

< -1 36 30 54.5 0.83 0.44-1.57 0.547

Maternal age (years) 204

≥ 20 96 71 57.5 1

< 20 22 15 59.5 1.08 0.50-2.38 0.825

Birth order 203

First born 50 44 53.2 1

Second born or later 66 43 60.6 1.35 0.74-2.45 0.290

Duration of pregnancy (months) 204

9 111 82 57.5 1

8-7 7 4 63.6 1.29 0.33-5.46 0.471

Birth weight (g) 203

≥ 3,000 72 54 57.1 1

2,500 |– 3,000 34 28 54.8 0.91 0.47-1.76 0.764

< 2,500 10 5 66.7 1.50 0.44-5.39 0.479

Child caretaker 205

Mother 91 72 55.8 1

Other 27 15 64.3 1.42 0.67-3.05 0.323

Immunization scheme 205

Complete 106 84 55.8 1

Incomplete 12 3 80.0 3.17 0.79-14.83 0.067

Morbidity in the last 15 days 203

Absent 45 36 55.6 1

Present 72 50 59.0 1.15 0.63-2.11 0.625

95%CI = 95% confidence interval; OR = odds ratio.
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(OR = 2.45; 95%CI 1.22-4.93). Sex, weight/age index and

immunization scheme–variableswith a p value below0.20 in

the univariate analysis – did not show a statistically

significant association with anemia, when controlling for

family income per capita. Among variables related to feeding

practices, the only one that remained significant after

adjustment for family income per capita was frequency of

fruit intake (OR = 1.88; 95%CI 1.03-3.42). Intake of red

Table3 - Distribution of anemic andnon-anemic infants, crude odds ratio, and respective 95%confidence intervals according
to feeding and supplementation practices, Viçosa, MG, 2002-2003

Variables n Anemic Non-anemic % anemia Crude OR 95%CI p

Duration of exclusive breastfeeding
(days)

205

≥ 60 62 52 54.4 1

< 60 56 35 61.5 1.75 0.41-1.36 0.303

Type of milk 205

Breast milk and/or iron-rich
formulas

31 21 59.6 1

Breast milk and non-iron-rich milk
or only non-iron-rich milk

87 66 56.9 0.89 0.45-1.77 0.728

Frequency of beans intake 205

Daily 100 71 58.5 1

Less than daily 18 16 52.9 0.80 0.36-1.78 0.550

Intake of red meat 205

Yes 81 72 52.9 1

No 37 15 71.2 2.19 1.05;4.61 0.021

Frequency of red meat intake 205

Daily or weekly 63 58 52.1 1

Less than weekly 55 29 65.5 1.75 0.95-3.23 0.056

Intake of liver 205

Yes 46 37 55.4 1

No 72 50 59.0 1.16 0.63-2.12 0.609

Frequency of liver intake 205

Weekly 10 16 38.5 1

Less than weekly 108 71 60.3 2.43 0.97;6.16 0.034

Intake of fruit 205

Yes 113 84 57.4 1

No 5 3 62.5 1.24 0.25-6.75 0.537

Frequency of fruit intake 205

Daily 55 58 48.7 1

Less than daily 63 29 68.5 2.29 1.29;4.06 0.004

Intake of dark-green vegetables 205

Yes 65 52 55.6 1

No 53 35 60.2 1.21 0.67-2.21 0.502

Number of main meals 205

Two 70 53 56.9 1

One or none 48 34 58.5 1.07 0.58-1.96 0.817

Bioavailability of iron in the diet 204

High or medium 30 31 49.2 1

Low 88 55 61.5 1.65 0.86-3.18 0.101

Use of iron supplements 205

Yes 18 26 40.9 1

No 100 61 62.1 2.37 1.13-4.98 0.011

95%CI = 95% confidence interval; OR = odds ratio.
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meat and frequency of intake, frequency of liver intake, and

bioavailability of iron in the diet were not significant in the

multivariate model, and were withdrawn from the analysis.

Intakeof iron supplementswasassociatedwithanemia (OR=

2.39; 95%CI 1.17-4.90), independently from variables in

previous blocks (family income per capita and frequency of

fruit intake).

Discussion

In accordance with data from the literature, the present

study revealed a high prevalence of anemia (57.6%) among

infants. However, it is important to emphasize that these data

are from a convenience sample, composed by children seen

at public health services after parental agreement to take

part in the study. This could have overestimated the actual

prevalence of anemia, since participation in the study may

have been higher among families suspecting that their

children had anemia. On the other hand, prevalence studies

of anemia based on representative samples of Brazilian

municipalities have found similar or even higher frequencies

than found in this sample.4,6-8 Thus, the frequency found for

this sample may actually represent the true prevalence of

anemia for infants in Viçosa. The fact that 41.5% of anemic

infants had hemoglobin levels below 9.5 g/dL shows the

intensity of irondeficiency in this group,which can result from

early depletion of iron stores and long duration of anemia.

Considering that the first 2 years of life carry the highest risk

for developing anemia, an important public health strategy

would be to promote an early detection and diagnosis of

anemia in the first year of life, aiming at early treatment and

preventive measures.

In the studied population, predominantly of low

socioeconomic status, family income per capita proved to be

an important risk factor for anemia. Nevertheless, high

frequencies of anemia were found in both income categories

(above and below 0.5 minimum wage). Several studies have

found family income per capita to be the main distal

determinant in causality models of anemia.4,6,11 Despite

being present in all socioeconomic groups, the prevalence of

anemia tends to be lower in upper classes.18 The low buying

power of families can be related to reduced food availability

and variety, resulting in insufficient intake and low

Table 4 - Results of the hierarchical logistic regression model, Viçosa, MG, 2002-2003

Model Crude OR Adjusted OR 95%CI adjusted OR p (variable) p (model)

Socioeconomic factors*

Income per capita
(minimum wage)

≥ 0.5 1 1

< 0.5 2.53 2.45 1.22-4.93 0.012 0.018

Feeding practices†

Frequency of fruit intake

Daily 1 1

Less than daily 2.29 1.88 1.03-3.42 0.039 0.003

Iron supplementation‡

Intake of iron supplements

Yes 1 1

No 2.37 2.39 1.17-4.90 0.017 0.001

95%CI = 95% confidence interval; OR = odds ratio.
* Adjusted for housing conditions.
† Adjusted for family income per capita and the other variable included in the model.
‡ Adjusted for family income per capita and frequency of fruit intake.
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bioavailability of nutrients, including iron. In addition, being

exposed to unfavorable living conditions, these families are

more vulnerable to respiratory infections, diarrhea and

intestinal parasitosis, which cause an increased demand and

reduced absorption of nutrients.3,9 In regard to birth

conditions, prematurity and lowbirthweight are described as

important risk factors for anemia, since reduced iron stores at

birth and the early depletion of iron stores play a role in the

development of anemia.19 In the present study, however,

such association was not found, possibly due to the small

number of children presenting these characteristics (15 low

birth weight and 11 premature infants). Some authors

suggest that because prematurity and low birth weight –

unlike irondeficiency–have lowprevalences, they should not

be considered important determinants for early anemia in

infants.18 Other studies did not find a link between low birth

weight and anemia.10,11,14

Feeding practices seem to be strictly related to the

presence of anemia in childhood. As in most populations,

anemia is causedmainly by iron deficiency, the present study

focused on the relationship between anemia and intake and

frequency of intake of iron-rich food and enhancers of iron

absorption. Some feeding practices have been emphasized

as having a significant impact on the development of anemia.

These include short duration of exclusive breastfeeding,

consumption of cow milk, late introduction and insufficient

dietary intake of iron sources, such as meat, as well as

enhancers of iron absorption, such as fruit.3,5 The intensity of

such effects can vary according to population characteristics

and local or regional feeding practices.

Cow’s milk consumption has been identified as a main

determinant of anemia in the first year of life.4,14 As in the

present study, other previous research did not find an

association between duration of exclusive breastfeeding

and/or type of milk consumed and anemia.6,11,12 The impact

of exclusive breastfeeding on anemiamay bemore evident in

infants until the age of 6 months.

In the studied sample, among the variables related to

feeding practices, a less than daily frequency of fruit intake

almost doubled the chance of having anemia. After the sixth

month of life, the intake of fruit is considered essential,

because of its mineral and vitamin content, especially

ascorbic acid. Ascorbic acid enhances iron absorption by

facilitating the reduction of the ferric ion to the ferrous state,

which is more soluble, and also inhibits the formation of

insoluble complexes of iron and other constituents of the diet

that prevent the absorption of this mineral.20 Studies using

stable isotopes to estimate the bioavailability of iron in foods

served to 9 month old infants showed that fruit juices

containing 50mg of ascorbic acid increased up to 2 times the

bioavailability of iron from food.21 In developing countries,

especially in low income populations, as the one investigated

in this study,most dietary iron comes fromplant food, that is,

non-heme iron, which is easily influenced by other

components of the diet.2,20 Thus, if in the studied population

the daily intake of fruit occurs close to main meals this could

be contributing to a higher bioavailability of the iron

consumed. Meat is, in general, considered to be an excellent

sourceof iron,mainly for thehighbioavailability of heme iron,

in addition to enhancing iron absorption from other dietary

sources in a meal. Nevertheless, meat is expensive, which

limits its access to low income families. In the present study,

the intake of red meat was not statistically associated with

anemia in themultiple regressionmodel. Similarly, in a cross

sectional studywith 362 children under 6 years of age seen at

public health services in the outskirts of Pelotas (state of Rio

Grande do Sul, Brazil), no association was found between

anemia and weekly intake of meat and liver.12 On the other

hand, the protective effect of meat intake was demonstrated

by a study with 8 month old children in which higher

hemoglobin levels were found in the group that consumed 27

g of meat per day during 2months, compared to a group that

ate 10 g/day.22

Corroborating results found in the present study, the

importance of feeding practices was demonstrated in a

prospective study with children under 24 months from

families with low socioeconomic status in the city of São

Paulo, Brazil. Both the intake of milk formulas at the fourth

month of life and the intake of vitamin C, meats and beans at

the sixth month were found to be the main protective factors

against anemia.23

Although appropriate feeding practices contribute to the

maintenance of an adequate iron nutrition status in

childhood, the need of an additional source of iron during the

first 2 years of life is unquestionable, whether by iron

medicine or iron-rich food.5 In placeswhere the prevalence of

anemia is high and most food served to infants and

preschoolers is not iron fortified, iron supplements should be

apriority in thepreventionof anemia.24Recently, in2005, the

Brazilian Health Ministry instituted the National Program on

Iron Supplementation, designed to fight iron deficiency

anemia among children, pregnant women and infants,

especially through iron medicine. In the present study, the

absence of iron supplements was strongly associated with

anemia, reinforcing the importance of iron supplementation

to prevent this deficiency in infants. Among children who

were receiving iron supplements, only 22.7% (n = 10) had

previously taken a blood test, suggesting that most of them

were using iron supplements in prophylactic doses. It is

important to emphasize that less than half of children

evaluated were receiving iron supplements, a strategy

recommended by the Brazilian Society of Pediatrics. Among

infants receiving iron supplements, 40.9% (n = 18) had

anemia, possibly indicating inadequate frequency and/or
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insufficient doses of iron supplements. Therefore, current

practices of iron supplementation need to be investigated,

aiming at improving the effectiveness of iron supplementa-

tion in the control of anemia.

Finally, this study indicates that themain determinants of

anemia among infants assisted by the public health services

ofViçosa (MG)are family incomeper capita, frequencyof fruit

intake and intake of iron supplements. Therefore, family

income below 0.5 minimum wage, less than daily intake of

fruit and absence of iron supplementation are indicative of

increased risk of anemia. Thus, effective control of anemia in

public health services requires assistance to health and

nutrition practices of low income families; nutritional

education to motivate appropriate feeding habits and

adequate introduction of complementary food; early

diagnosis and treatment of anemia; and implementation of

routine prophylactic supplementation with iron, including

dose standardization and adherence monitoring.
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