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A B S T R A C T

Objective

This study aimed to determine the frequency of iron deficiency and its association with socioeconomic, obstetric,
and nutritional factors in pregnant women.

Methods

This cross-sectional study included women on the second trimester of pregnancy seen at a public prenatal care
facility of Cuiabá, Mato Grosso, Brazil from May 2008 to May 2009. Socioeconomic, nutritional, and obstetric
data were compared with markers of iron stores.

Results

During the study period, 146 pregnant women met the inclusion criteria. The frequency of anemia characterized
by abnormal hemoglobin level, hematocrit, and mean corpuscular volume varied from 3% to 5%. However,
11% of the women had high transferrin levels and 39% had low ferritin levels. Before pregnancy, 21% of the
women were underweight and 29% were overweight or obese. During pregnancy, the percentage of overweight
or obese women rose to 40%. History of miscarriages, higher gestational age, and excess weight before pregnancy
were associated with markers of iron stores at abnormal levels. Consumption of specific food groups was not
associated with abnormal marker levels.
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Conclusion

Serum ferritin was the most sensitive indicator of iron deficiency. Excess weight and anemia were concomitant.

Indexing terms: Anemia. Ferritins. Food intake. Iron deficiency. Nutritional status. Pregnancy.

R E S U M O

Objetivo

Verificar a frequência de deficiência de ferro e sua associação com fatores socioeconômicos, obstétricos e
nutricionais em gestantes.

Métodos

Estudo transversal desenvolvido com gestantes no segundo trimestre da gestação atendidas em ambulatório
de pré-natal da rede pública de Cuiabá, Mato Grosso, entre maio de 2008 e maio de 2009. Dados sobre as
características socioeconômicas, nutricionais e obstétricas foram relacionados aos indicadores de reservas de
ferro.

Resultados

No período do estudo, 146 gestantes atenderam aos critérios de inclusão na pesquisa. A frequência de anemia
variou de 3% a 5%, considerando-se os valores para hemoglobina, hematócrito e volume corpuscular médio.
Entretanto, a frequência de alterações nos indicadores de reservas de ferro variou de 11% para transferrina a
39% para ferritina. No período pré-gestacional, 21% das gestantes apresentavam baixo peso e 29% excesso
de peso (sobrepeso ou obesidade); no período gestacional, a ocorrência de excesso de peso aumentou (40%).
Histórico de aborto, idade gestacional e status de peso pré-gestacional se associaram às alterações nos indicadores
de reservas de ferro. Não se observou associação entre o consumo de grupos de alimentos e alterações nos
indicadores de reservas de ferro.

Conclusão

O indicador mais sensível na identificação da deficiência de ferro foi a ferritina sérica. Observou-se concomitância
de excesso de peso e deficiência de ferro.

Termos de indexação: Anemia. Ferritina. Consumo Alimentar. Deficiência de Ferro. Estado Nutricional. Gravidez.

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

According to the World Health
Organization1, half of all pregnant women
develop anemia, which is characterized by a
hemoglobin level lower than 11g/dL. The mean
prevalence of anemia in pregnant women from
developed and developing countries is 18% and
56%2, respectively, but it may be as high as 75%
in India3.

In Brazil, anemia is the most common
nutritional problem, especially in children under

two years of age and in pregnant women, with
prevalences of 50% and 35%, respectively2. The
National Survey on the Demography and Health
of Children and Women reported that 30% of
the women of childbearing age are anemic and
that there are no national studies with consistent

data about the occurrence of anemia in pregnant
women4. In a review study, Côrtes et al.5 reported
that the prevalence of anemia in Brazilian women
on the second trimester of pregnancy varies from
9% to 44%.

The primary causes of anemia during
pregnancy are inadequate intake of dietary iron6,
greater fetal demand, and increased blood volume
during pregnancy7. Although iron absorption is
high during pregnancy, the amount of dietary iron
absorbed and mobilization of the iron stores are
not enough to meet the demand8. However, the
etiology of anemia during pregnancy in
developing countries also includes factors such
as low socioeconomic and education levels4, and
high parity6.

Iron deficiency is associated with high
morbidity and mortality rates. Furthermore,
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anemia impairs mental development and the
ability to work and study productively9. During
pregnancy, anemia is associated with a higher rate
of mother/fetus morbidity and mortality, and the
most common complications are early labor, low
birth weight, preeclampsia, and higher risk of
miscarriage10.

The objective of this study was to investigate
whether socioeconomic, obstetric and nutritional
factors are associated with anemia/iron deficiency
in pregnant women.

M E T H O D S

This cross-sectional study was done at the
outpatient clinic of the Hospital Universitário Júlio
Muller (HUJM) of the Universidade Federal do
Mato Grosso (UFMT), Cuiabá, Mato Grosso, Brazil,
which is a reference hospital for low- and high-
risk pregnancies.

The study was approved by the Research
Ethics Committee (Comitê de Ética e Pesquisa -
CEP) of the Universidade Federal de São Paulo
(Unifesp) under protocol number 1468/CEP/
Unifesp/2007 and of HUJM under protocol
number 384/CEP/HUJM/2007. All participants
signed a free and informed consent form before
they entered the study.

Study design and population

The study population consisted of
pregnant women seen at the HUJM prenatal care
outpatient clinic. Women aged 19 to 49 years on

the second trimester of their first pregnancy seen
between May 2008 and May 2009 were eligible.
Women with the following pre-pregnancy
conditions were excluded: kidney, liver, heart,
pulmonary, and endocrine diseases; infectious
diseases, such as tuberculosis and Acquired
Immunodeficiency Syndrome (AIDS); high blood
pressure; diabetes Mellitus; and obstetric diseases,

such as preeclampsia, placental abruption, and
bleeding. The gestational ages were collected

from ultrasound reports in the participants«
medical records. The second trimester of pregnancy
was defined as the period from week 14 to week
28 of gestation.

Women in the first trimester of pregnancy
were excluded because gastrointestinal symptoms,
such as nausea, vomiting, dyspepsia, and
heartburn, usually encourage them to change
their food habits11.

A pretested questionnaire was used to
collect demographic, socioeconomic, reproductive,
and dietary data during individual interviews with
the participants. The interviewers were trained
dieticians submitted to regular refresher training
sessions during the data collection period. Some
data were collected from the medical records.

The dependent variables were serum
Hemoglobin level (Hb), Hematocrit (Hct), Mean
Corpuscular Volume (MCV), and the following
markers of iron stores: Serum Iron (Fe), Serum
Ferritin (SF), Serum Transferrin (TRF), Total Iron-
Binding Capacity (TIBC), and Transferrin Saturation
(TSAT). The iron status of the participants was
categorized according to the number of the said
markers outside of the recommended ranges:
women with an abnormal level of one marker
and women with an abnormal level of two or
more markers.

The independent variables were age,
education level, marital status, per capita
household income, gestational age, first prenatal
care visit, number of prenatal care visits, parity,
abortions, pre-pregnancy weight status,
pregnancy weight status, and food intake.

Data collection

Blood was collected from the participants
after a 10-hour fast to determine the levels of
anemia and iron store markers. The biochemical
tests were performed by the HUJM laboratory.
The methods and equipment used for the tests,
the cut-off point for each marker, and the
classification of the blood markers are listed in
Chart 1.
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Weight status before and during pregnancy
was classified according to the Body Mass Index
(BMI) cut-off points. BMI is given by dividing
weight by the square of the height. Weight status
before pregnancy was classified according to the
Institute of Medicine (IOM)12 cut-off points, and
weight status during pregnancy was classified
according to the cut-offs proposed by the Brazilian
Ministry of Health13.

A validated Food Frequency Questionnaire

(FFQ) developed for the adult population of
another city located in the Brazilian Central-West
Region14 was used for collecting the participants«

food intake data because no FFQ validated for
the city of Cuiabá (MT) was available at the time.
The study FFQ was adapted by excluding some

food items and including some dietary iron sources
and typical local foods. The original FFQ contained
80 items, and after the adaptation there were 72

items. The FFQ was administered qualitatively,
providing seven options for intake frequency: (a)
Once daily; (b) two or more times daily; (c) five to

six times weekly; (d) Two to four times weekly;
(e) once weekly; (f) one to three times monthly;
and (g) rarely or never.

For the analysis, the foods were grouped
according to their nutritional characteristics, iron
bioavailability, and ability to promote iron
absorption: iron sources (liver, gizzard, chicken
heart, corned beef, beef, and beans), absorption
facilitators (orange, acerola berry, lime and
cashew apple), and absorption inhibitors (milk,
dairy products, soda, tea, and coffee). Therefore,
19 food groups were defined: milk and dairy
products, meats and eggs, oils and fats, snacks
and canned foods, grains, rice pasta, legumes,
non-starchy vegetables, cooked vegetables,
tubers and roots, fruits, sugary foods, natural and
artificially-flavored juices, tea and coffee, soda,
organ meats, iron sources, iron absorption
facilitators, iron absorption inhibitors. The
reported food intake frequencies were converted
into daily frequencies and analyzed as continuous
variables. For this purpose, a value of 1 was
attributed to foods eaten once daily and the other
frequencies were given proportional values, as
follows: twice or more daily (2); five to six times
weekly [((5+6)/2)/7]=0.79 times per day; two to
four times weekly [((2+4)/2)/7]=0.43 times per
day; once weekly (1/7)=0.14 times per day; one
to three times per month [((1+3)/2)/30]=0.07
times daily; and rarely or never (0).

Chart 1. Reference values and classification of the blood components.

Hemoglobin

Hematocrit

Mean Corpuscular Volume

Serum iron

Serum ferritin

Serum transferrin

Total iron-binding capacity

Transferrin saturation

Pentra 80 spectrophotometer, ABX, (Paris, France).

Numeric integration of the mean corpuscular volu-

me.

Calculated directly from the red blood cell count.

Automated colorimetric method (BT 3000, Wiener

Lab Group, Argentina).

Chemiluminescence (Modular E170 - ROCHE,

Frankfurt, Germany).

Nephelometry (concentration of an emulsion is

given by comparing its transparency with that of a

standard preparation) (BT 3000, Wiener Lab Group,

Argentina).

Automated colorimetric method (BT 3000, Wiener

Lab Group, Argentina).

Given by the formula: TSAT (%)=serum iron/

TIBCX100.

Below 11g/dL

Below 33%

Below 80fl

Below 67mg/dL

Below 22mg/dL

Above 400mg/dL

Above 300mg/dL

Below 16%

Anemia

Anemia

Anemia

Iron deficiency

Iron deficiency

Iron deficiency

Iron deficiency

Iron deficiency

Blood components Cut-off points Nutritional status classificationAnalysis method

Note: TSAT: Transfmin Saturation; TIBCX: Total Iron Bindeng Capacity.
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Statistical analyses

The continuous variables were expressed

as means, standard deviations, and 95%

confidence intervals. Proportions were calculated

for the categorical variables. The relative anemia

frequency was estimated. The frequencies of

pregnant women with only one marker of iron

stores and those with two or more markers of

iron stores at abnormal levels were also calculated.

The normality of the distributions was

assessed by the Kolmogorov-Smirnov test, and

the means with symmetrical and nonparametric

distributions were compared by the Student’s t
test and Mann-Whitney test, respectively. The

categorical variables were compared by the Chi-

square test or Fisher’s exact test when necessary.

The significance level was set at 5%.

R E S U L T S

A total of 221 pregnant women were
eligible for the study. Of these, 36 (16%) missed
the interview and 39 (18%) did not undergo the

biochemical tests. Hence, the final sample consisted
of 146 pregnant women, that is, 66% of the initial
sample.

The mean red blood counts and serum iron

markers were within the normal levels. The
frequency of anemia characterized by abnormal
MCV, Hb, or Hct levels varied from 3% to 5%.

However, the anemia frequencies characterized
by abnormal levels of one or more iron markers
were higher, varying from 11% for transferrin to

39% for ferritin (Table 1). Only one pregnant

woman did not have any abnormal levels of

anemia or anemia markers; 38% (n=55) of the

women had one marker at abnormal level, and

62% (n=90) had two or more markers at

abnormal levels (data not shown).

Iron deficiency was not associated with

age, education level, income, marital status, parity,

and occasion of the first prenatal care visit.

Participants who had had miscarriages were more

likely to have low serum iron levels (p=0.03) and

low TSAT (p=0.02). Women pregnant for more
than 20 weeks were more likely to have low
ferritin (p=0.01) and high transferrin (p=0.006)

levels. Low ferritin level was associated with the
number of prenatal care visits: 52% of the women

who had attended at least two prenatal care visits

and 24% of those who attended only one visit

had low ferritin levels (p=0.01). Finally, women

who were overweight or obese before getting

pregnant were also more likely to have low serum

iron levels (p=0.04) (Table 2).

Pregnant women who were overweight

or obese (76%) before getting pregnant were

more likely to have two or more markers of

anemia at abnormal levels than those who were

underweight (65%) or normal weight (53%)

(p=0.04). There was no association between

Table 1. Markers of serum iron and iron stores in pregnant women seen in public prenatal care facilities of Cuiabá (MT), Brazil, 2009.

Hemoglobin (g/dL)

Hematocrit (%)

Mean corpuscular volume (fl.)

Iron (µg/L)

Serum ferritin (µg/L)

Transferrin (µg/dL)

Transferrin saturation (%)

Total iron-binding capacity (µg/dL)

146

146

146

143

141

133

142

142

012.1

036.1

089.2

086.0

039.2

329.3

029.7

273.3

00.74

02.27

04.89

31.5

36.1

61.4

14.0

77.5

Note: M: Mean; SD: Standard Deviation; 95%CI: 95% Confidence Interval.

*The sample size for each marker varied because some biochemical tests were lost.

Marker n* M SD

12.0; 12.2

35.8; 36.5

88.4; 89.9

80.7; 91.2

33.2; 45.2

318.7; 39.8

27.3; 32.0

260.5; 286.2

5

4

3

30

39

11

16

30

95%CI Anemia frequency
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Table 2. Association between socioeconomic and obstetric characteristics and abnormal levels of markers of iron stores in pregnant

women (n=146) seen at a public prenatal care facility of Cuiabá (MT), Brazil, 2009.

Age (years)

<25

≥25

p value2

Education level (years)

≤8

>8

p value2

Per capita household income (minimum salaries)

≤1

>1

p value2

Marital status

No partner

Has partner

p value2

Parity

None

One or more

p value2

Miscarriages

Yes
No
p value2

Gestational age (weeks)

<20
≥20
p value2

First prenatal care visit (weeks)

≤12
>12
p value2

Prenatal care visits

1
≥2
p value2

Pre-pregnancy weight status

Underweight
Normal weight
Excess weight
p value2

Gestational weight status

Underweight
Normal weight
Excess weight
p value2

Participant characteristics

47

53

36

64

60

40

19

81

41

59

37

63

57

43

58

42

42

58

21

50

29

21

40

40

%

21

19

0.25

41

40

0.89

40

41

0.90

46

39

0.51

37

43

0.52

45

38

0.36

21

56

0.01

46

32

0.08

24

52

0.01

52

34

44

0.22

52

35

40

0.34

Serum ferritin Serum iron

12

19

0.15

26

34

0.30

31

3

0.93

23

33

0.34

29

32

0.67

42

24

0.03

27

34

0.37

29

34

0.50

28

33

0.49

29

23

45

0.04

20

31

36

0.30

11

13

0.75

11

13

0.71

12

13

0.84

4

14

0.17

14

10

0.50

14

11

0.58

3

19

0.006

17

6

0.06

7

15

0.17

10

13

11

0.88

7

15

11

0.59

7

10

0.60

14

19

0.45

22

9

0.05

11

18

0.37

14

19

0.37

26

11

0.02

15

18

0.61

16

19

0.64

17

17

0.99

10

15

26

0.13

7

16

22

0.20

13

17

0.71

30

31

0.86

36

22

0.08

30

30

0.93

32

29

0.67

38

26

0.13

32

29

0.76

30

31

0.96

25

34

0.28

29

26

38

0.40

32

21

38

0.16

Transferrin TSAT TIBC

Abnormal levels of markers of iron stores1 (%)

Note: 1Only one participant had no marker of anemia or iron stores outside the recommended range. 2Chi-square test.

TSAT: Transferrin Saturation, TIBC: Total Iron-Binding Capacity.
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Table 3. Weight status and abnormal levels of markers of anemia and iron stores in pregnant women (n=146) seen at a public prenatal

care facility of Cuiabá (MT), Brazil, 2009.

Before pregnancy

Underweight

Normal weight

Excess weight*

During pregnancy

Underweight

Normal weight

Excess weight

Note: *Partitioned Chi-square test (p=0.013). 1Only one participant had no marker of anemia or iron stores outside the recommended range;
2Chi-square test.

21

50

29

20

40

40

35

47

24

30

46

35

65

53

76

70

54

66

0.04

0.28

Number of markers of anemia/iron stores1 at abnormal levels
Weight status Total (n=146) %

1 (n=55) % ≥2 (n=90) % p value2

Table 4. Daily food group intake frequency according to the number of markers of iron stores at abnormal levels in pregnant women

(n=145)* seen at a public prenatal care facility of Cuiabá (MT), Brazil, 2009.

Rice and pasta

Legumes (beans)

Grain-based products (bread, cookies, cakes)

Tubers and roots

Milk and dairy products

Meats and eggs

Organ meats

Non-starchy vegetables

Cooked vegetables

Fruits

Sugary foods

Natural and artificially-flavored juices

Milk and coffee

Soda

Oils and fats

Snacks and canned foods

Iron sources

Iron-absorption inhibitors

Iron-absorption facilitators

Note: M: Mean; 95%CI: 95% Confidence Interval.
*Only one participant had no marker of anemia or iron stores outside the recommended range.

2.0

2.4

1.7

0.6

1.5

2.1

0.1

1.3

0.7

0.7

0.8

0.9

0.9

0.5

2.1

1.1

2.4

3.2

1.1

1.9-2.2

2.0-2.8

1.5-1.9

0.4-0.8

1.2-1.7

1.9-2.4

0.1-0.2

1.1-1.5

0.3-1.1

0.5-0.9

0.6-1.1

0.7-1.1

0.7-1.2

0.3-0.6

1.9-2.3

0.9-1.3

2.2-2.6

2.8-3.6

0.8-1.3

2.0

2.5

1.9

0.5

1.4

2.0

0.2

1.2

0.5

0.8

0.7

1.0

0.8

0.5

2.1

1.1

2.2

3.0

1.3

1.8-2.1

2.1-2.9

1.7-2.2

0.3-0.6

1.2-1.6

1.8-2.2

0.1-0.2

1.0-1.4

0.4-0.7

0.6-0.9

0.6-0.9

0.9-1.2

0.7-0.10

0.4-0.7

2.0-2.3

0.9-1.3

1.1-2.4

2.7-3.3

1.1-1.5

One marker of anemia/iron stores outside

the recommended level (n=55)

≥2 markers of anemia/iron stores outside

the recommended level (n=90)

Food group daily intake frequency
Food

M 95%CI M 95%CI

gestational weight status and level of iron stores
(Table 3).

Specific food habits were not associated
with markers of anemia/ iron stores at abnormal
levels (Table 4).

D I S C U S S I O N

Relatively low anemia frequencies were

observed in pregnant women on the second
trimester of pregnancy seen at a public prenatal
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care service. However, more specific tests showed
high frequencies of iron stores. The analyses
showed that ferritin was the most sensitive marker
of iron stores. The consumption of specific food
groups was not associated with low iron stores.
Nonetheless, two or more markers of anemia or
iron deficiency at abnormal levels were more
common in women who were overweight or
obese before pregnancy. A history of miscarriages,
gestational age, and excess weight before
pregnancy were associated with iron stores.

Anemia is detected during pregnancy by
measuring MCV, Hb and Hct. Serum hemoglobin
level is the main parameter routinely used by
public prenatal care services for diagnosing
anemia15. However, the iron stores of pregnant
women decrease before their hemoglobin levels
do16,17. The study results show that anemia may
not be detected during prenatal care and that
other more effective means of diagnosing iron

deficiency anemia should be included in the
prenatal care routine.

The main markers of iron stores are ferritin,
serum iron level, transferrin, TIBC and TSAT. Serum

ferritin level is considered the method of choice
for assessing anemia and monitoring its
treatment1,18 because of its high sensitivity and

relative affordability19. On the other hand, serum
iron level has small clinical value because of its
high variability throughout the day in normal

individuals. Transferrin is a plasma protein
responsible for iron transport. It holds 0.1% of
the total body iron and also presents important

variations during the day18. TIBC and TSAT tests
complement serum iron test. TSAT corresponds
to the amount of iron available for erythropoiesis.

When iron stores are low, TSAT level is low20 and
TIBC level is generally high16.

The diagnosis of iron status during
pregnancy is also impaired because there is no

consensus in the literature regarding which
markers best characterize iron deficiency anemia,
which is even more critical during pregnancy

because of the blood dilution process19. These

factors make it difficult to compare studies on
the prevalence of anemia in pregnant women.

The study results are comparable to those
of Karaoglu et al.17 who assessed 823 pregnant
women in Turkey and found that those with
serum Hb<11g/dL also had lower serum iron,
ferritin and transferrin levels. Additionally, the
present findings are similar to those of Dani
et al.9 regarding the frequency of anemia
characterized by low serum ferritin level, which
was of 38.2% in 102 pregnant women receiving
prenatal care in public facilities of Rio Grande do
Sul, Brazil .

Bressani et al.19, on the other hand, found
that 45.9% of 318 pregnant women seen at an
outpatient prenatal care clinic of Recife (PE), had
anemia, but not anemia characterized by low
serum ferritin levels. Serum ferritin level may
increase during acute and chronic inflammatory
diseases, alcohol abuse, and cancer, conditions
which are commonly seen in regions where
infectious and parasitic diseases are endemic16.
These factors may have contributed to the
differences found between the results of the
present study and those of Bressani et al.19.

Although the present study tried to control
the effect of gestational age on the biochemical
markers by assessing only women on the second
trimester of pregnancy (14 to 28 weeks), these
markers changed over time, that is, abnormal
ferritin or transferrin levels were more common
in women pregnant for more than 20 weeks.
These results corroborate Cruz21, who found that
ferritin levels decrease as gestational age
increases.

A study with 772 pregnant women seen
at primary health care facilities of the district of
Butantã in the city of São Paulo also found a
higher prevalence of iron deficiency in women
with higher gestational ages, characterized by a
decrease in the mean Hb levels from one trimester
of pregnancy to the next22. In the said study, the
authors emphasized that the main cause for lower
hemoglobin levels was blood dilution and pointed
out that other markers need to be assessed for
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differential anemia diagnosis, especially MCV and
red blood Cell Distribution Width (RDW). RDW is
a marker of anisocytosis, an index of Red blood
cell size variation22. This marker was not assessed
by the present study, which may be considered a
study limitation given its importance for the
assessment of iron status.

Padilha et al.23 did not find an association
between pre-pregnancy body mass index and

anemia during pregnancy. However, in agreement
with the present study, the aforementioned
authors also observed that the frequency of

anemia in women with gestational overweight
or obesity increased gradually over time.

The mean daily intake of dietary iron
sources by the participants was low. Vasconcelos
et al.24 showed that pasta, bread, cookies, and
cakes were the most common iron-fortified foods
consumed by pregnant women seen at the
Hospital da Universidade de Brasília, and the
frequencies of overweight and obesity among
these women were also high. Although wheat
flour is considered a good iron vehicle,
consumption of fortified foods should be
prescribed with caution given the high frequencies
of excess weight in pregnant women and the
general population. New studies are needed to
identify other iron and folic acid vehicles with
lower energy densities.

Another limitation of this study is that
ferrous sulfate supplementation was not assessed.
The study prenatal care service routinely prescribes
ferrous sulfate to all pregnant women but the

supplement may not be taken correctly. Other
data would be necessary to assess the role of
ferrous sulfate on the markers of iron status.

The study results allow the identification

of pregnant women at greater risk of having low
iron stores, even when anemia markers are within
the normal ranges. These results are also relevant

for the development of routine dietary and
nutritional counseling strategies for pregnant
women seen at public prenatal care facilities to
prevent and treat anemia.

C O N C L U S I O N

The frequency of anemia characterized by
the hemoglobin levels of pregnant women on the
second trimester of pregnancy seen at a public
prenatal care facility of Cuiabá (MT), was of 5%.
However, the frequency of iron deficiency
characterized by low serum ferritin level was of
39%. Pregnant women with a history of
miscarriages, those at 20 or more weeks of
pregnancy, and those who were overweight or
obese before pregnancy were more likely to have
iron deficiency. Consumption of specific food
groups was not associated with anemia.
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