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A B S T R A C T

Objective

To estimate the prevalence of anemia and associated factors in adolescents from the city of Recife in Pernambuco
state.

Methods

This is a cross-sectional study, involving a random sample of 256 adolescents of both genders, aged 13 to 18,
whose hemoglobin concentrations were evaluated, along with their nutritional status and socioeconomic and
demographic characteristics.

Results

The prevalence of inadequate hemoglobin concentrations was 10.2% [CI95%=6.7-14.5], reaching levels
considered as mild anemia (9 g/dL <hemoglobin <12 g/dL). Female students had lower mean hemoglobin
concentrations in all age groups (p<0.001). No association was observed between hemoglobin concentrations
and nutritional status (p>0.05), nor with socioeconomic or demographic characteristics (p>0.05).
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Conclusion

Although the prevalence of anemia was low and classified as a mild health problem, preventive nutrition
education involving the dissemination of healthy eating habits in schools and encouraging the consumption of
iron-rich foods are strongly recommended.

Indexing terms: Anemia. Adolescent. Nutritional status. Epidemiology. Socioeconomic factors.

R E S U M O

Objetivo

Estimar a prevalência de anemia e fatores associados em adolescentes do Recife, Pernambuco.

Métodos

Estudo de corte transversal, envolvendo uma amostra aleatória de 256 adolescentes, de 13 a 18 anos, de
ambos os sexos. Foram avaliadas as concentrações de hemoglobina, o estado nutricional e as características
socioeconômicas e demográficas.

Resultados

A prevalência de concentrações inadequadas de hemoglobina foi de 10,2% [IC95%=6,7-14,5], situando-se
em patamares que configuram a anemia do tipo leve (9 g/dL <hemoglobina <12 g/dL). Escolares do sexo
feminino apresentaram médias de concentrações de hemoglobina menores em todas as faixas etárias (p<0,001).
Não foi observada associação entre concentrações de hemoglobina, estado nutricional (p>0,05) e características
socioeconômicas e demográficas (p>0,05).

Conclusão

Embora a prevalência de anemia tenha sido discreta e classificada em grau leve, recomenda-se a adoção de
medidas preventivas de educação nutricional, com a difusão da alimentação saudável nas escolas e o incentivo
ao consumo de alimentos que sejam fonte de ferro.

Termos de Indexação: Anemia. Adolescente. Estado nutricional. Epidemiologia. Fatores socioeconômicos.

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

Anemia results from a variety of causes
that can occur separately or in combination.
Overall, the most significant contribution to an

anemic condition is iron deficiency, called, “iron
deficiency anemia” or simply “anemia”1.

Anemia is a global public health problem,
occurring in both developing and developed

countries2
. It is a nosological entity that is

associated to delayed cognitive and psychomotor
development3, changes in growth and development,

mood swings, lower exercise tolerance4-6, fatigue,
difficulty in concentration, which can impair the
learning capabilities of children and adolescents.

In turn, this deficiency condition can cause the
impairment of cellular immunity, induce reduced
appetite, and lead to perverse eating behavior,
headaches, dizziness, pale complexion and

mucosa, and gastrointestinal disorders and, even,
signs of heart failure5.6.

Adolescence is the period of transition
between childhood and adulthood, with somatic,
psychological and social changes. This stage of
life is marked by intense physiological changes
(menstrual blood loss in girls and increased muscle
mass, arising from the pubertal growth spurt and
biological development - bone and sexual), which
may influence the level of iron in the body. At
this stage of life, iron deficiency is a complex
condition, in that several factors may be involved,
beyond those of a biological and nutritional
nature, notably the psychological changes, as well
as social and cultural influences (body image, peer
and media influences)7.

During this phase of the life cycle dietary
iron deficiency is the main source of risk leading
to anemia, although there are other causes, such
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as infectious diseases and nutritional deficiencies,
such as, in vitamin A, vitamin B12 and folic acid8-11,
in other words, it is a nutritional disorder of multi-
factorial origin10.

Nutritional anemia is a condition in which
the Hemoglobin Content (Hb) in the blood is
below normal levels, due to the lack of one or
more of the essential nutrients that are necessary
for the formation of Hb6. Although there are other
indicators that are used in the definition of
anemia, World Health Organization (WHO)
considers the concentration of Hb as the most
appropriate indicator for epidemiological studies
and for tracking purposes12,13.

A recent publication by WHO on the
estimated global prevalence of anemia, between
1993 and 2005, showed that it occurred in 54.6%
of the children of preschool age in Brazil. This
figure was calculated by weighting the prevalence
observed in only two geographical areas (Recife
[PE] and São Paulo [SP])14. In Brazil, despite the
absence of multi-center or national surveys, there
is consensus in the scientific community that iron-
deficiency anemia is highly prevalent throughout
Brazil, reaching all social classes and age groups.
In regional studies, a rate of 20.0% for the prevalence
of anemia among adolescents was estimated15.

The aim of this study was to estimate the
prevalence of anemia and to identify the risk
factors that are associated to this nutritional
deficiency in adolescents from Recife (PE), Brazil.

M E T H O D S

Design of study and sample

The study design is of the cross-sectional
type, nested within a cohort entitled “Dyslipidemia
and its association with an overweight condition
in a cohort of schoolchildren from Recife, PE”,
started in 2007. This cross-sectional study involved
a random sample of 256 adolescents, aged
between 13-18 years, of both sexes, enrolled in
state and municipal schools of the official school

network of the city of Recife (PE), in the period
from June 2011 to September 2012. Those
adolescents who were not found at school were
contacted and evaluated in their homes using the
school address register.

The sample excluded those adolescents
who showed symptoms of having an acute
disease on the day of the laboratory test and
which entailed changes in Hb levels, those who
had any physical disabilities that compromised
anthropometric measurements and those who
were taking multivitamins or had received
treatment for anemia in the past two months.

The hemoglobin concentrations,
nutritional condition and socio-economic and
demographic characteristics were evaluated in the
study.

To define the sample size the study used
an estimated prevalence (p) of 9% of students
with unsatisfactory Hb concentrations, based on
the results of a pilot study, with a margin of error
of 3% (d) and a Confidence Interval (Z=1.96) of
95%. The sample size was calculated using the
following formula: N=Z2xpx(100-p)/d 2. The
required minimum sample size was 350
adolescents. Since the sample was selected from
a finite population of a cohort of 669 school
children, it was adjusted using the formula
N=n/[1+(n/N)], where N is the population and n
the minimum sample size, resulting in a total of

230 adolescents to be investigated. To correct for
possible losses, the sample size was set at 12%
[100/(100-12)], making a total of 263 adolescents.

Evaluation methods and techniques

Hemoglobin Concentrations: 2 mL of
blood was collected by venipuncture and
deposited in Vacuntainer tubes, using Ethylene

Diamine Tetraacetic Acid (EDTA) as an anticoagulant.
The samples were sent to the Laboratory of
Clinical Analysis and were interpreted using a LH

750 Hematology Analyzer (Beckman Coulter,
Brea, CA, USA).
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The hemoglobin content concentration
was measured in grams per deciliter (g/dL) and
anemia was considered to be present when the
Hb level was below 12 g/dL for non-pregnant
female and male adolescents aged between
12-14 years. For adolescents older than 15 years
an Hb level below 13 g/dL6 was considered to
indicate the presence of anemia.

Anthropometric evaluation: Anthropometric
measurements were performed by taking two
readings of the weight and height of the
adolescents. The average values were used for
the formal registration of the measurements. To
ensure data consistency, measurements that
showed differences of more than 100 g in weight,
or 0.5 cm in height were discarded. Body weight
was measured using a digital electronic scale
(Omron, Kyoto, Japan), with a maximum capacity
of 150 kg and a precision of 100 g. The
adolescents were weighed, barefoot, without
objects in their hands and pockets or on their
heads. Height was measured using a portable
stadiometer (Alturexata, Belo Horizonte, MG,
Brazil), with a precision of 1 mm and accuracy of
0.5 cm. The adolescents were positioned upright,
barefoot, with the upper limbs aligned to the
body, the heels, the back and head touching the
wall, and the eyes looking straight ahead. The
measurements of weight and height followed the
recommendations of Lohman et al.16 and were
conducted at schools or in homes.

For the classification of the adolescents
nutritional condition, indicators of Height for Age
(H/A) and Body Mass Index for Age (BMI/A),
expressed as Z-score values, were used, according
to the classification of the World Health
Organization17.

Socio-economic and demographic
characteristics: Personal data and information on
the adolescents’ social, economic and demographic
situations were collected through interviews at
the schools or during the home visits.

Gender, age and level of education of the
adolescents were analyzed. Age in years was
classified in the ranges of 13-15, 15-17 years and

17-18 years, and the level of education was
classified in the ranges of Elementary School (6th

year to 9th year) and High School (1st year to third

year). The parents’ level of education was
classified as either less than or equal to 8 years of
schooling and over 8 years of schooling and cases

of school year repetition were noted. For the
classification of the socio-economic level of the
families, the study used the “Economic Classification

Criteria of Brazil”, established by the Brazilian
Association of Research Companies18. Families
were classified according to their average

incomes. Those with income in the range of
≥R$1,391.00 and <R$2,327.00 were included in
classes B2 and C1, those with income <R$1,391.00

and≥R$933.00 in the class C2  and those with
income <R$933.00 and ≥R$618.00 in class D.

Data analysis

The data was entered in duplicate and
verified using the Validate module of the Epi Info

program, version 6.04 (WHO/Centers For Disease
Control [CDC], Atlanta, Georgia [GA], USA), to
check for any inconsistencies in typing. The

statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) for
Windows version 13.0.

The continuous variables were tested for
normal distribution using the Kolmogorov-
Smirnov test. The Hb values were expressed as
an average and a standard deviation. The Hb
concentrations were evaluated for the adjustment
variables, using Levene’s variance homogeneity
test, followed by the Student t test to identify
associations with the variables: gender, level of
education, school year repetition and level of
parental education. A Variance Analysis (Anova)
was performed  for the variables of age and
nutritional condition. The socio-economic level
and Hb concentrations were evaluated using the
Kruskal Wallis test. For the description of the
proportions, the binomial distribution was
approximated to the normal distribution, with a
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95%CI. A significance level of 5% to reject the
null hypothesis was adopted.

Ethical aspects

The research Protocol was approved by the
Committee for Research Ethics of the Pernambuco
Cancer Hospital (02/2010). All the adolescents
who participated in the study were informed of
the research objectives and the methods and
techniques to be adopted; with the teenager’s
permission, a parent or guardian signed a Free
Consent Form and received a copy of the the
results of the examination.

R E S U L T S

 Of the sample of 263 students, there were
seven losses due to the inadequacy of the
biological material collected, inconsistency in the
control variable data and/or refusal of the student
to participate in the study Protocol.

The socio-economic and demographic
characteristics and nutritional condition are
described in Table 1.

 The prevalence of anemia was 10.2%
[95%CI=6.74-14.52] and the unsatisfactory Hb
concentrations were in a range classified as mild
anemia (9 <Hb<12 g/dL).

The hemoglobin contend concentrations
showed an association with gender, with female
students showing a higher occurrence of
unsatisfactory Hb concentrations (Table 2). This
pattern of association occurred in all of the age
groups in our sample (Table 3). On the other hand,
the Hb concentrations were not shown to be
associated with any other socio-economic or
demographic variable, nor with nutritional
condition (p>0.05) (Table 2).

D I S C U S S I O N

The prevalence of anemia in adolescents
in Recife (PE) represents a public health problem

at a mild level, since the percentage falls within
the range 5%-19%, which is the level of the
problem used by WHO for such classification6.
The level of anemia found in the adolescents was

Table 1. Characteristics of the sample of adolescents aged

between 13-18 years from Recife, broken down by

socio-economic and demographic factors and nutritional

condition, 2011-2012.

Gender

Male

Female

Age (years)

13-15

15-17

17-18

School series

Elementary school

Secondary school

School year repetition

Yes

No

Education level

Father

≤8 years

>8 years

Mother

≤8 years

>8 years

Socio-economic level1

B2  and C1

C2

D

Nutritional condition

Height/age2

Low

Satisfactory

High

BMI/age3

Underweight

Eutrophic

Overweight

107

149

105

106

45

150

99

103

152

114

64

155

65

108

92

30

7

212

5

13

158

53

41,8

58,2

41,0

41,4

17,6

60,2

39,8

40,4

59,6

64,0

36,0

70,4

29,5

46,9

40,0

13,1

03,1

94,6

02,3

5,8

70,5

23,7

35.60 - 48.1

51.96 - 64.3

34.90 - 47.3

35.30 - 47.7

13.10 - 22.8

53.80 - 66.3

33.60 - 46.1

34.30 - 46.7

53.30 - 65.7

56.50 - 71.1

28.90 - 43.5

63.90 - 76.4

23.60 - 36.0

40.40 - 53.6

33.60 - 46.6

8.90 - 18.1

0.8 - 5.4

91.7 - 97.5

0.40 - 4.2

2.80 - 8.8

64.60 - 76.4

18.10 - 29.3

Variables n % 95%CI

Note: 1Associação Brasileira de Empresas de Pesquisa18: Class B2  and

C1 (≥R$1,391.00 and <R$2,327.00), Class C2  (<R$1,391 and

≥R$933.00), Class D (<R$933.00 and ≥R$618.00); 2Low: <Score-2;

Satisfactory: ≥Score -2 ≤Score +2, High: <Score +2; 3Underweight:

<Score -2.0, Eutrophic: ≥Score-Z -2 ≤1; Overweight: >Score-Z +1.

95%CI: 95% Confidence interval; BMI: Body Mass Index.
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of the mild type (9 <Hb <12 g/dL). These findings
could be attributed to the National Iron
Supplement Program which was implemented by
the Ministry of Health in 1999, in compliance with
the Politica Nacional de Alimentação e Nutrição

Table 2. Hemoglobin concentrations in adolescents aged 13-18 years from Recife (PE), broken down by socio-economic and

demographic factors and nutritional condition, 2011-2012.

Gender

Male

Female

Age (years)

13-15

15-17

17-18

School series

Elementary school

Secondary school

School year repetition

Yes

No

Education level

Father

≤8 years

>8 years

Mother

≤8 years

>8 years

Socioeconomic level2

B2  and C1

C 2

D

Nutritional condition

Height/age 2

Low6

Satisfactory

High

BMI/age3

Underweight

Eutrophic

Overweight7

107

149

105

106

 45

150

 99

103

152

114

 64

155

 65

108

 92

 30

    7

212

   5

  13

158

 53

14.2

12.9

13.3

13.6

13.4

13.4

13.4

13.5

13.4

13.5

13.2

13.4

13.4

13.33

13.43

13.23

13.7

13.5

13.4

13.6

13.4

13.5

1.0

0.7

1.0

1.2

1.2

1.1

1.1

1.2

1.0

1.1

1.0

1.2

1.0

[12.7 to 14.1]4

[12.6 to 14.3]4

[12.3 to 14.7]4

1.2

1.1

0.6

1.1

1.1

1.2

0.00

0.271

0.98

0.53

0.18

0.76

0.975

0.87

0.82

Note: *Hb <12 g/dL 12-14 years and in females. From 15 years, Hb <13 g/dL in males6, student t test; **for unpaired data; 1Anova; 2Associação

Brasileira de Empresas de Pesquisa18: Class B2  and C1  (≥R$1,391.00 and <R$2,327.00), Class C2  (<R$1,391 and ≥R$933.00), Class D (<R$933.00

and ≥R$618.00);  3Median; 4Inter-quartile range; 5Kruskal Wallis; 6Low: <Score -2; Satisfactory: ≥Score -2 and ≤Score +2, High: <Score +2;  7Underweight:

<Score -2.0, Eutrophic: ≥Z -2 and ≤1; Overweight: >Score-Z +1.

SD: Standard Deviation; BMI: Body Mass Index.

Variables
n X SD p**

Hemoglobin concentrations (g/dL)*

(PNAN, National Food and Nutrition Policy). This
led to the fortification of wheat and corn flour

with iron and folic acid, a low cost supplement
used to prevent nutritional deficiencies of this
nature. In 2001, flour fortification became
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take into account that Hb concentrations were
shown to be equivalent among students with
elementary education and high school education,
as well as between those that had repeated school
years versus those who had not. It would be
plausible to assume that adolescents with anemia
would have a higher propensity for school year
repetition, since this nutritional disorder can cause
decreased attention, fatigue and learning difficulties,
thus adversely affecting school performance. It
should also be noted that for the period of
education of the adolescents under study, the
system of partial school year progression
permitted by the Law of Guidelines and Bases for
Education, passed in 1996, was legally being
applied by certain Brazilian states in that year and
was adopted by the Pernambuco State Education
System in 1997. However, those students that
failed in more than three subjects in their basic
education were obliged to repeat years of
schooling.

The low level of education of the parents,
where a significant percentage had less than eight
years of study, has also been observed in other
studies, such as the research developed by Nishida
et al.24 in Maringá (PR). The low level of parental
education appears to be a factor that can
contribute, significantly, to a situation where the
education level of adolescents does not
corresponding to their chronological age, since
parents with a higher education level tend to
encourage their children to learn25. The low
education level of parents could, in principle,
interfere with the adolescent’s chances of having

Table 3. Concentrations of hemoglobin in anemic teenagers aged 13-18 years, of both sexes enrolled in the public schools of Recife

(PE). 2011-2012.

13-15

15-17

17-18

Total

<0.01

<0.001

<0.001

<0.001

Age (years)

2

3

1

6

14.0 ± 1.0

14.4 ±1.0

14.6 ± 0.8

14.3 ± 1.0

n X ± SD*

Male

6

9

5

20

12.9 ± 0.7

12.9 ± 0.8

12.8 ± 0.8

12.9 ± 0.8

n X ± SD*

Female

Hemoglobin (g/dL)

p**

Note: *Average ± Standard Deviation (SD), student t test; **Non-paired data.

mandatory. In turn, school lunches have
contributed to better student nutrition19, since the
National School Food Program allows and focuses
on the contribution of this micro-nutrient which
is added to the regional meals offered to students.
Thus, the addition and control of iron content in
food have been ensured, which may have
contributed to the predominance of the
occurrence of mild anemia in this age group.

This level of prevalence was similar to that
found in other studies in Brazil, such as Rezende
et al.20, who conducted a study in Novo Cruzeiro
(MG) in 2000 and found that 12.1% of students
had unsatisfactory Hb concentrations. Similar
results in the category of prevalence of mild

anemia were also observed by Rosa & Baldacci4,
in 2008/2009, at the Health Unit of Rio Branco
(AC) with 6.8%, and Mariath et al.21 in 2007 in

Itajaí (SC) with 9.7%. This data contrasts with
the much higher prevalence observed in
population surveys carried out in Latin America,

such as the study by Leal et al.22, which reported
a prevalence of anemia of 39.35 and Ortega et
al.10, with a prevalence of 48.6%, in 2003/2004,

in Venezuela, as well as a prevalence of 28.5%
reported by Manjarrés et al.9, in 2005 in Colombia.
Similar results were reported in a study conducted

in 2007 by Ferrari et al.23, in 2007, with a
prevalence of 17.6% in ten European cities.

The percentage of school year repetition
observed in our sample is of concern, which would
explain the fact that most of the adolescents were
still at elementary school. However, one should
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anemia, since it is expected that the children of
mothers with higher levels of education are less
likely to have unhealthy eating patterns, compared
to those born to mothers with a lower level of
education11.

The lack of association between Hb
concentrations and socio-economic level is in line
with the study of Farias et al.26, that demonstrated
the relationship between family per capita income
and the prevalence of anemia, since it is expected
that the level of income may influence the
quantity and quality of the consumption of iron-
rich foods27.

The greater probability of female adolescents
having unsatisfactory Hb concentrations confirms
that females are a higher risk group for iron
deficiency2,10. This greater vulnerability could be
due to menstrual loss22,23. These findings have
been corroborated by other studies21,28 that
evaluated the distribution of anemia in relation
to girls in groups of adolescents.

Unlike the studies with preschool children
who have a higher prevalence of anemia among
children under 2 years of age5, it can be seen
that during adolescence, age is not a modifying
factor in Hb concentrations.

An association between low weight and
unsatisfactory Hb concentrations would be
expected. In our sample, where the majority of
adolescents was classified as eutrophic, it would
indicate that anemia could occur as a specific
nutritional deficiency in individuals, independently
of their protein-energy nutritional condition. This
lack of association corroborates with the data
collected by Ortega et al.10, which sought to relate
the BMI in adolescent girls with anemia and/or
risk of depletion of body iron stores and found
no association between these variables.

The authors have assumed that iron
depletion would be greater among adolescents
with a higher BMI (overweight), due to sedentary
habits and a poor quality diet with a low iron
intake. Other studies11.29 also found no direct
relationship between anemia/iron deficiency and
an overweight condition. However, Tussing-

Humphreys et al.30 studying obese children and
adolescents found an inverse association between
adiposity and the iron level, explained by the fact
that the increase in food consumption would not
encompass foodstuffs that were sources of iron.

It is important to stress that the main
limitation of this investigation results from the fact
that the use of Hb concentrations as the sole proxy
for the definition of iron-deficiency anemia,
without additional data on other parameters of
the iron nutritional condition, such as ferritin and
serum iron, total iron binding capacity, percentage
transferrin saturation, free erythrocyte protoporphyrin
and, especially, the transferrin receptors. Other
limiting factors were, on the one hand, the lack
of data on the dietary iron intake of students and,
on the other, the adoption of a cross-sectional
methodological design that allowed only the
observation of associations between the events
studied, without being possible to demonstrate

a cause and effect relationship between these
events27.

C O N C L U S I O N

The prevalence of anemia observed in
adolescents in Recife (PE) reached a level that
constituted a public health problem of the mild

type. The unsatisfactory Hb concentrations were
close to the levels for the diagnostic discrimination
point for deficiency, configuring, consequently,

mild anemia (9 <Hb <12 g/dL). Female adolescents
showed a greater susceptibility to having anemia,
although no other associations between Hb

concentrations and nutritional condition, and the
other socio-economic and demographic variables,
were observed.

Considering the wide range of specific

nutritional deficiencies, which can result in
significant adverse effects on health, we see the
need to implement preventive and control

measures, as well as the dissemination of concepts
about healthy eating, with the inclusion of high
bioavailability iron-rich foods in school meals.
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