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Abstract Objective To identify the prevalence of anemia and its relation to food insecurity (FI)
and other determinants in pregnant women.
Methods A cross-sectional, cohort-nested study, with the participation of 245
pregnant women who were cared for at Family Health Units in the municipality of
Santo Antônio de Jesus, Bahia, Brazil. The participants underwent blood tests for
hemoglobin levels, anthropometric examinations, and answered a structured ques-
tionnaire. The hemoglobin (Hb) parameter (Hb < 11 g/dL) was used for the classifica-
tion of the diagnosis of anemia. Food insecurity was evaluated using the North
American short-scale food insecurity assessment. Logistic regression was adopted
for the statistical analyses, based on a hierarchical conceptual model that enabled the
measurement of the decomposition of the total effect of its non-mediated and
mediated components using the proposed hierarchical levels.
Results The prevalence of anemia in the studied population was of 21.8%, and the
average hemoglobin was 12.06 g/dL (standard deviation [SD]: 1.27). Food insecurity was
identified in 28.16% of the pregnant women. The average maternal age was 25.82 years
(SD: 5.94). After ranking, the variables positively associated with anemia remained
significant: FI (odds ratio [OR] ¼3.63; 95% confidence interval [95%CI]: 1.77–7.45); not
undergoingprenatal care (OR ¼ 5.15;95%CI: 1.43–18.50);multiparity (OR ¼ 2.27;95%CI:
1.02–5.05); and non-supplementation of iron medication (OR ¼ 2.45; 95%CI: 1.04–5.76).
The results also indicated that the socioeconomic and environmental factors were largely
mediated by food insecurity and factors regarding prenatal care.
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Introduction

Gestation is a period of physiological vulnerability in the life of
women, and it involves biological, physical and psychosocial
changes.1 Accordingly, pregnant women form a priority group
in the development of specific care, actions and policies by the
public healthcare system involving not only the health of the
woman-mother, but also the health of the fetus.2,3

Nevertheless, an elevated portion of women during the
pregnancy-puerperal phase expresses high rates of anemia,
even after the implementation of public health programs and
policies with the aim of controlling this problem, namely
during gestation. This can be observed, for example, with the
medicinal iron supplementation treatment and the enrich-
ment of wheat and corn flour, and the effectiveness of these
actions should be discussed.4,5

Anemia is represented by a decrease in hemoglobin in the
blood, and itsmain etiology is characterized by the abnormal
biosynthesis of hemoglobin. Regarding this, iron-deficiency
anemia and anemia of chronic disease (present in infectious,

inflammatory or neoplastic processes) represent the most
common types of ironmetabolism disorders. Another type is
anemia due to hemoglobinopathies.3,6

In accordance with the World Health Organization
(WHO),3 iron-deficiency anemia is the most prevalent nutri-
tional deficiency condition in theworld, and it mainly affects
women of reproductive age, pregnant women and children.
The global prevalence for this issue for pregnant women is
estimated at 41.8%, and at 29.1% for Brazil.3 During pregnan-
cy, mainly in the 2nd and 3rd quarters, 4 to 5 mg per day of
iron is necessary to guarantee the balance of this nutrient.6

Iron-deficiency anemia is the result of an evolution due to
successive stages of iron deficiency until the deficit of
hemoglobin3 is installed. Accordingly,WHO suggests anemia
as a proxy of iron-deficiency anemia, and the latter as an
estimator of the general prevalence of iron deficiency in the
populations of underdeveloped and developing countries
that do not have any other important markers for anemia.3

Notwithstanding the importance of this proposal by the
WHO for the formulation of strategies for the control of

Conclusions In the present study, the chance of occurrence of anemia in pregnant
women was significantly higher, mainly among women: in situations of food insecurity,
not undergoing prenatal care, not having received iron supplements, and who are
multiparous.

Resumo Objetivo Identificar a prevalência de anemia e sua relação com a insegurança
alimentar (IA) e outros determinantes em mulheres grávidas.
Métodos Trata-se de estudo transversal aninhado a uma coorte, do qual participaram
245 gestantes atendidas em Unidades de Saúde da Família do município de Santo
Antônio de Jesus-BA. As participantes foram submetidas a exame de sangue para
dosagem de hemoglobina, exame antropométrico, e responderam a um questionário
estruturado. Utilizou-se o parâmetro hemoglobina (Hb < 11 g/dL) para a classificação
do diagnóstico de anemia. A IA foi avaliada por meio da escala curta norte-americana
de avaliação da segurança alimentar. Para as análises estatísticas, adotou-se a regressão
logística, tomando-se como base ummodelo conceitual hierarquizado definido a priori,
que possibilitou a mensuração da decomposição do efeito total em seus componentes
não mediados e mediados nos níveis hierárquicos propostos.
Resultados A prevalência de anemia na população estudada foi de 21,8%, e a média
de hemoglobina foi de 12,06 g/dL (desvio padrão [DP]: 1,27). A IA foi identificada em
28,16% das gestantes. A média de idade materna foi de 25,82 anos (DP: 5,94). Após a
hierarquização, permaneceram significativas as variáveis associadas positivamente à
anemia: IA (razão de possibilidades [OR] ¼ 3,63; intervalo de confiança de 95%
[IC95%]: 1,77–7,45); não realização de pré-natal (OR ¼ 5,15; IC95%: 1,43-18,50);
multiparidade (OR ¼ 2,27; IC95%: 1,02–5,05); e a não suplementaçãomedicamentosa
de ferro (OR ¼ 2,45; IC95%: 1,04–5,76). Os resultados indicaram ainda que os fatores
socioeconômicos e ambientais forammediados em grande parte pela IA e pelos fatores
de cuidado pré-natal.
Conclusões Nesse estudo, a chance de ocorrência de anemia em gestantes foi signifi-
cantemente maior, principalmente, entre aquelas que estavam em situação de IA, não
realizaram o pré-natal, eram multíparas, e não fizeram a suplementação de ferro.
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anemia in pregnant women, some surveys have signaled that
the cases of anemia attributed to maternal iron deficiency
were below what was expected, indicating the necessity of
caution when using the prevalence of anemia as a proxy for
iron-deficiency anemia and the latter as an iron deficiency
estimator in pregnancy.3,4

The occurrence of anemia during pregnancy is associated
to socio-environmental and economic conditions, prenatal
care, behavioral aspects and nutritional factors, especially
the anthropometric nutritional state and food consumption
(namely dietary sources of iron or dietary sources that
improve bioavailability).2,3,7

In accordance with Fischer et al,8 women of reproductive
age and pregnant women present higher chances of devel-
oping anemia, mainly in the context of food insecurity (FI),
which is marked by the decrease in quantity and quality of
the food consumed. According to the results of the survey
performed by these authors, the adjusted odds ratio (OR) for
acquiring anemia was 31–43% higher among women living
under FI conditions.

It is understood that awareness of these factors could
contribute toward the control of anemia during pregnancy,
and mitigate the damages to the health and quality of life of
the women and of the fetus, such as the occurrence of
cardiac and immunological impairments, thus reducing
maternal and perinatal mortality, prematurity and low
birth weight.2,3,6

On the other hand, in Brazil there are few surveys that
investigated the relationship between FI and the prevalence
of anemia in pregnant women, above all when analyzed in
conjunction with other determinants (socioeconomic, de-
mographic, environmental, prenatal care, behavioral and
nutritional determinants) and, primarily, established by
means of a hierarchical conceptual model.

According to Teles-Santos,9 the hierarchical model could
constitute an applicable alternative to the epidemiological
studies with an elevated number of co-variables. Accord-
ingly, the decision of including variables in a risk factor
analysis for a certain outcome should not be exclusively
based on statistical significance; it should also consider the
hierarchical conceptual framework approach, which in-
volves various levels.10 Thus, when investigating the factors
associated to the genesis of cases of anemia during preg-
nancy, it is possible to determine input levels for the
different variables, always when there is an interrelation
among the variables at each level.10,11

For this purpose, assuming that anemia is not a nutritional
or health condition determined only by biological factors,
but involving also a set of socioeconomic, demographic,
environmental, prenatal care and lifestyle determinants,
among others, implies the consideration of the different
levels of determination.11

In view of the exposed, the objective of this survey is to
identify the prevalence of anemia and its relation to FI and
other determinants in pregnant women, based on a hierar-
chical conceptual model that enables the measurement of
the breakdown of the total effect in non-mediated compo-
nents (or direct).

Methods

Study Design
A cross-sectional, cohort-nested study of pregnant women
from the urban zone of the municipality of Santo Antônio de
Jesus, Bahia, Brazil, performed between February 2014 and
February 2015. The study integrated the more extensive
survey entitled “Nutritional and Genetic Risk Factors during
Gestation Associated to Low Birth Weight/Prematurity: the
NISAMI cohort”.a

The municipality of Santo Antônio de Jesus has a territorial
area of 261 Km2 and is located 187 Km from the city of
Salvador, the capital of the state of Bahia, Brazil. The munici-
pality has 90,949 inhabitants, 79,271 of whom residing in the
urban area, and 11,676 in the rural area, comprising 47,963
womenand42,986men.12 It is considered the commercial and
service hub of the south coast of Bahia (called Recôncavo in
Portuguese). Most of the population of wage earners works in
the local commerce. The human development index of the
municipality is of 0.700, and it occupies position 1,904 in the
national rank of municipalities with the best human develop-
ment index.13

A random sample of pregnant women aged between 14 and
49 yearswas selected between January and February 2014. The
pregnant women were selected during prenatal consultations
at the Family Health Unit (FHU) of the municipality. After this
phase, an interviewwas scheduled (by phone) at the homes of
thepregnantwomen for theapplicationof theassessmentscale
for FI, which occurred between December and February 2015.

For effect of the sample power calculation of 80% for the
sample of 245 pregnant women used in this study, we used a
prevalence of anemia of 29.1%, estimated by the WHO3 for
Brazil, with a sample error of 8% and a reliability of 95%.

Selection Criteria
Pregnant women with and without associated morbidities
were included, but only those with anemia, diabetes (gesta-
tional or clinical) and arterial hypertension (gestational or
clinical), residing in the urban zone of the municipality, ado-
lescents and adults, with gestational ages of up to 32 weeks at
themomentof the collection of information, and attending the
prenatal care service at the FHU of the investigatedmunicipal-
ity were selected. Those with multiple gestations, or with
health issues such as pre-eclampsia, renal problems or HIV
were not included in the survey. Therefore, these conditions
were not identified among the selected pregnant women.

Conceptual Model
For the study of the determinants of anemia, the hierarchical
conceptual model was established (►Fig. 1), which encom-
passed the factors organized hierarchically in 3 levels accord-
ing to the proximal-intermediary-distal relation for the
outcome under consideration (anemia). This strategy en-
abled the measurement of the breakdown of the non-

a Cohort financed by Conselho Nacional de Desenvolvimento Cientí-
fico e Tecnológico (CNPq), process 481509/2012–7/ 2013. NISAMI
(Núcleo de Investigação em Saúde Materno-Infantil/UFRB).
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mediated total (or direct) effect, as well as the study of the
mediated (or indirect) effect in the proposed hierarchical
levels.10,14

Variables of the Study
A structured questionnaire was used to obtain information
related to the socioeconomic, demographic, biological, envi-
ronmental and prenatal care conditions. This questionnaire
was applied by a previously trained team composed of
nutritionists and nutrition students.

The independent variables are represented by socioeco-
nomicandenvironmental factors, food insecurity, andprenatal
care variables such as: age, gestational age, number of prenatal
consultations, folic acid and ferrous sulfate supplementation,
guidance during prenatal care, pregestational anthropometric
nutritional status, lifestyle, andmaternal lifestyle and age. The
pregestational weight was obtained from the file of the preg-
nant woman, and when it was not available, the referred
weight was registered. The height of the pregnant woman
was verified by previously trained researchers and students of
the Nutrition Course of one of our institutions. To verify the
height, a Welmy stadiometer (Welmy, Santa Bárbara d’Oeste,
SP, Brazil) with a capacity for 2,000 mm and sensitivity of
0.5 cmwas used. Themeasurementswere taken in duplicity. A
maximum variation of 0.5 cm was accepted for the measure-
ment of the length.15 The pregestational body mass index
(BMI) was used as proxy variable of the maternal pregesta-
tional anthropometric nutritional status. This was classified

based on the parameters of the Institute of Medicine (IoM),16

namely: low weight (BMI < 18.5), adequate weight (BMI
¼ 18.5 to 24.9), and excess weight – overweight/obesity
(BMI � 25). Food insecurity was evaluated by means of the
short version of the United States Department of Agriculture
(USDA)12 Food Security Scale, which includes 6 questions
related to food in the 12 months prior to the interview. This
scale generates a score that ranges from 0 to 6 (►Table 1).12,17

In four questions, each positive answer corresponds to one
point, while in one of the questions the point is given to a
negative answer and, in another one, it corresponds to the time
of exposure in which there was a decrease in the quantity of
food due to lackofmoney. The score is calculated from the sum
of these points. Food safety is considered for those pregnant
womenwho score one point; food insecurity is considered for
pregnant women scoring two to four points, and hunger is
considered for those with a score of five to six points.12 The
short scale was chosen due to the fact that it comprises a
greater time interval in relation to the period of application
(the last twelve months prior to the interview). In the present
study, the scale was applied at the end of the gestations,
between December and February 2015, with the purpose of
identifying food insecurity situations in the households of the
pregnant women. It should be observed that this scale was
validated in a study conducted by Demétrio18 in households
with pregnant women. The variables were categorized in a
dichotomous manner in the descriptive analysis and in the
hierarchized model.

Anemia

Level 2

Outcome

Block III

Socioeconomic and environmental factors

Income, receiving  social welfare, schooling, marital status, position in the labor market, skin 
color, number of residents in the household. Level 1

Food insecurity

b.
Nutritional 

factors
Received nutritional 

guidance, pregestational 
anthropometric nutritional 

status

a.
Prenatal care factors

Planned pregnancy, prenatal care, quarter 
in which the prenatal care began, 

gestational period, number of prenatal 
consultations, parity, use of medicinal iron 

supplementation

c.
Lifestyle and 

maternal factors
Alcohol consumption,

age Level 3

Block II

Block I

Fig. 1 Hierarchical conceptual model of the determinants of anemia in pregnant women.
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The dependent variablewas represented by anemia, which
was categorized as follows: without anemia (Hb > 11 g/dL) -
no (0), with anemia (Hb < 11 g/dL) - yes. Information on the
concentration of hemoglobinwas obtained bymeans of blood
collection and analysis performed in a single laboratory that is
certified by the Brazilian PublicHealthcare System (SUS, in the
Portuguese acronym) in the municipality of Santo Antônio de
Jesus, which provides care to pregnant women assisted by the
FHU. This laboratory is equipped with appropriate material
and equipment for collecting and processing the samples, and
it has a specialized team responsible for standardizing the
processing procedures and biosecurity of theblood samples in
order to perform the blood count and other prenatal exams.
The hemoglobin concentration was obtained by means of a
direct cyanmethemoglobin technique.

The gestational age was calculated based on the last
menstruation date available on the record of the pregnant
woman of the first ultrasound performed up until the end of
the first gestational quarter.

Statistical Analysis
In the bivariate and multivariate analyses in a hierarchical
theoretical model, the dependent variable (anemia) was
modeled by means of the application of the logistic regres-
sion model. This model also enables the estimation of the
odds ratio (OR), with the respective 95% confidence intervals
(95%CI), when comparing the exposed group to the group of
reference of the specific determinant. In this study, a consid-
erable increase in the value of the overestimation factor of
themeasure of the outcomewas identifiedwith the use of OR
in comparison to the PR estimates.

In the bivariate analysis, the missing data was inserted
and attributed the modal value, as proposed by Twisk.19

Intra-block multivariate analyses were applied to select the
variables that would compose each one of the blocks in the
hierarchized analysis, adopting the level of significance of 10%
(p � 0.10). Later, the hierarchized analysis was performed,
which consisted of the adjustment of a sequence of models of
logistic regression, including, a step-by-step, and blocks of
possible determinants according to the pre-established con-
ceptual model (►Fig. 1). Accordingly, it was possible to obtain
estimates of the OR, with its 95%CI, through the different
models (A, B and C), examining the possible paths through

which the determinantswould act.Model A (block I) estimated
the total effect of the socioeconomic and environmental deter-
minants. Model B (block II), included the determinants of the
respective block, and estimated the effect of the socioeconomic
determinantsnotmediatedby thecorrespondingblock.Models
B andC (block III) estimated theeffectof thesocioeconomic and
environmental determinants not mediated by the correspond-
ing factors of the block (III.a) taken singly. Model E (Block III.a)
estimated the effect of the socioeconomic and environmental
determinants not mediated simultaneously by the determi-
nants of block III.a, and the total effects of this block. Model D
resulted from the adjustment by Model E. In the hierarchical
analysis, thevariables that remainedassociated to anemiawere
maintained, after control by the variables of confusion of the
same level and for those hierarchically superior.17

The adjustment quality of themodels was evaluated using
the Akaike information criterion (AIC). This criterion was
proposed by Akaike,20 and is defined as: AIC ¼ -2ln(L) þ 2p
and BIC ¼ -2ln(l) þ pln(n), where l is the likelihood function;
n is the number of observations; and p is the number of
adjusted parameters.

The input of the information was performed using the
EPIinfo software, version 6.04, and the statistical analyses
were performed using the STATA for Mac (StataCorp, College
Station, TX, US) software, version 12.0.

Ethical Aspects
The main project of which this study is a part of was
evaluated and approved by the Ethics Committee in Research
of one of our institutions under registration number 050/10.

Results

The maternal socio-environmental, economic, demographic,
prenatal care, behavioral and nutritional characterization is
presented in ►Table 2.

A monthly family income between 2 and 4 minimum
wages was identified in 52.65% of the women. Most of them
(77.96%) did not benefit from the Brazilian social welfare
program called “Bolsa Família”; 80.00% had spouses; 57.55%
were unemployed; most had black skin color (87.76%) and
resided in households with 4 or more people (60.41%). Total
71.84% of the households with pregnant women were in

Table 1 Indicators (items) of the short version of the North American Food Security Assessment Scale

Questions

Item 1. During the past twelve months, did the food in your house finish and you had no money to buy more?

Item 2. During the past twelve months, could you offer varied food to your family, with beans, rice, meat, salad and fruit?

Item 3. During the past twelve months, did you or any other member of your household have to decrease the quantity of
food or not have a meal for lack of money to buy more food?

Item 4. In how many months did this occur?

Item 5. During the past twelve months, did you eat less than you would wish to because you had no money to buy
more food?

Item 6. During the past twelve months, did you feel hungry but did not eat because you had no money to buy more food?

Source: Bickel et al,12 Santos et al.17
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Table 2 Distribution of socio-demographic, environmental, prenatal care, lifestyle and nutritional maternal characteristics
according to anemia during gestation; Santo Antônio de Jesus, Bahia. 2014–2015

Variables
(n ¼ 245)

n % Anemia p�

No Yes

n % n %

Block I

Family income (monthly income in minimum wages) 0.30

< 2 51 20.82 36 70.59 15 29.41

2 to 4 129 52.65 103 79.84 26 20.16

� 5 65 26.53 53 81.54 12 18.46

Receiving social welfare (“Bolsa família” program) 0.21

Yes 54 22.04 39 72.22 15 27.78

No 191 77.96 153 80.1 38 19.8

Schooling (years) 0.83

8 or more 94 38.37 73 77.66 21 22.34

Up to 7 151 61.63 119 78.81 32 21.19

Marital status 0.12

With partner 196 80.00 65 84.42 12 15.58

Without partner 49 20.00 127 75.60 41 24.40

Position in the labor market 0.01

Working 104 42.45 89 85.58 15 14.42

Unemployed 141 57.55 103 73.05 38 26.95

Skin color 0.09

Not black 30 12.24 27 90.00 3 10.00

Black 215 87.76 165 76.74 50 23.26

Number of inhabitants in the household 0.02

< 4 148 60.41 123 83.11 25 16.89

� 4 97 39.59 69 71.13 28 28.87

Block II

Food insecurity < 0.0001

No 176 71.84 150 85.23 26 14.77

Yes 69 28.16 42 60.87 27 39.13

Block III

Block III.a

Planned pregnancy 0.07

Yes 100 40.82 84 84.00 16 16.00

No 145 59.18 108 74.48 37 25.52

Prenatal care < 0.01

Yes 187 76.33 154 82.35 33 17.65

No 58 23.67 38 65.52 20 34.48

Quarter in which the prenatal care began 0.29

I 43 17.55 30 69.77 13 30.23

II 189 77.14 151 79.89 38 20.11

III 13 5.31 11 84.62 2 15.38

(Continued)
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situations of food security, and 28.16%, in situations of food
insecurity; of those, 24.48% were living in situations of food
insecurity without hunger, and 3.68% were living in situa-
tions of food insecurity with hunger.

With reference to the characteristics related to prenatal
care, most of the mothers: had not planned the pregnancy
(59.18%); underwent prenatal care (76.33%); began prenatal
care in the second quarter of gestation (77.14%); were in the
second quarter of gestation (79.59%); attended 10 or more
prenatal consultations (80.82%); weremultiparous (55.51%);
and reported the use of medicinal supplementation with
ferrous sulfate (64.08%).

Regarding the behavioral, nutritional and maternal char-
acteristics, we identified that 85.71% of the women did not
consume alcohol, and 54.29% did not receive nutritional
guidance during the prenatal care. Pregestational lowweight
and excess weight were identified in 56.33% and 34.69% of
the participants respectively. The age of most of the partic-
ipants (69.39%) ranged from 18 to 30 years, and the average
age was 25.82 years (SD: 5.94).

The prevalence of anemia in the studied populationwas of
21.8% (95%CI: 16.89–27.7), and the averageHb concentration
was 12.06 g/dL (SD: 1.27). In this study, pregnant women
with levels of Hb < 7.0 g/dL, or, in other words, with severe

Table 2 (Continued)

Variables
(n ¼ 245)

n % Anemia p�

No Yes

n % n %

Period of gestation (months) 0.38

I Quarter 38 15.51 33 86.84 5 13.16

II Quarter 195 79.59 150 76.92 45 23.08

III Quarter 12 4.90 9 75.00 3 25.00

Number of prenatal consultations 0.56

< 6 5 2.04 3 60.00 2 40.00

6 to 9 42 17.14 34 80.95 8 19.05

� 10 198 80.82 155 78.28 43 21.72

Parity 0.04

Primipara 109 44.49 92 84.4 17 15.6

Multipara 136 55.51 100 73.53 36 26.47

Use of medicinal iron supplementation 0.02

Yes 88 35.92 76 86.36 12 13.64

No 157 64.08 116 73.89 41 26.11

Block III.b

Received prenatal nutritional guidance 0.13

Yes 112 45.71 83 74.11 29 25.89

No 133 54.29 109 81.95 24 18.05

Pregestational anthropometrical nutritional status 0.23

Low weight 138 56.33 113 81.88 25 18.12

Adequate 22 8.98 14 63.64 8 36.36

Excess weight 85 34.69 65 76.47 20 23.53

Block III.c

Alcohol consumption 0.18

No 210 85.71 167 79.52 43 20.48

Yes 35 14.29 25 71.43 10 28.57

Age (years) 0.12

< 18 17 6.94 10 58.82 7 41.18

18 to 30 170 69.39 135 79.41 35 20.59

> 30 58 23.67 47 81.03 11 18.97

Note: �Chi-squared test.
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anemia, according to the classification criteria of the WHO,3

were not identified.
In the bivariate analysis (►Table 2), the results demon-

strated that the prevalence of anemia, comparatively, was
statistically higher among pregnant women that were un-
employed (p ¼ 0.01), lived in households with 4 or more
people (p < 0.01), were multiparas (p ¼ 0.04), did not make
use of medicinal iron supplementation (p ¼ 0.02), and were
in a situation of food insecurity (p < 0.0001). The variables
marital status, receiving nutritional guidance during prena-
tal care, alcohol consumption and age presented p-values
significantly lower than 20%, and were also selected to
compose the multivariate hierarchized model. The variable
for receiving social welfare (“Bolsa Família”), although not
statistically significant (p ¼ 0.21), was also selected for the
hierarchized multivariate analysis, because it was consid-
ered a proxy variable of income and of the health promotion
actions,21 of which the explanatory importance over the
outcome at issue is theoretically well-established.2

►Table 3 presents the breakdown of the estimates of the
total non-mediated (direct) and mediated effects of the
determinants, which were obtained from the adjustment
of the threemodels of regression, according to the previously
defined conceptual model (►Fig. 1). The total effect pre-
sented statistical significance for the determinants (models
A, B and E). Thus, the total effect was statistically significant
for the determinants of model A: marital status – without
spouse (p ¼ 0.09); position in the labor market – unem-
ployed (p ¼ 0.03); number of dwellers in thehousehold –� 4
(p ¼ 0.06); and maternal years of schooling – up to 7
(p ¼ 0.37). Model B was statistically significant for food
insecurity (p < 0.0001). In model E, the variables associated
to anemia in pregnant women remained statistically signifi-
cant: food insecurity (p < 0.0001); not undergoing prenatal
care (p ¼ 0.01); multiparity (p ¼ 0.04); and lack of use of
medicinal iron supplementation (p ¼ 0.03). The variables for
the labor market position, marital status, maternal schooling
and age were incorporated and maintained in the final
model, once these were known as potentially confounding
in the studied relation.

Comparing the effects of the associations obtained using
the three models, we observed, for example, that the mea-
sure of association of the determinants labormarket position
and the number of dwellers in the household presented
substantial change after the adjustment by the variable of
level 2 (model B). Then, comparing the labor market position
and the number of dwellers in the household in relation to
their respective groups of reference, the total effect was of
2.06 and 1.83 respectively (model A). The adjusted effect of
the variable of level 2 (model B) was of 1.62 and 1.93
respectively. Therefore, we observed that the effects of the
labor market position and the number of dwellers in the
household in the determination of anemia among pregnant
women were mediated by food insecurity. The same was
observed in the adjustment of model E, in which the socio-
economic and environmental factorswere stronglymediated
by prenatal care factors, with an emphasis on marital status
(without spouse), which went from 1.95 (model b) to 0.78

(model E). Model D demonstrated that the factors related to
prenatal care were the greatest mediators of socioeconomic
and environmental factors in the determination of anemia in
pregnant women (►Table 3).

Discussion

In the present investigation, the prevalence of anemia during
gestation (21.8%), in terms of magnitude, is a moderate public
health issue, according to the WHO’s3 criteria. The prevalence
of anemia inpregnantwomenworldwide reduced from52% to
41.8%, a reduction of 19.6 percentage points.3

In accordancewith the list of epidemiological information
of the WHO (2008),3 comparatively, the prevalence of ane-
mia in pregnant women identified in the present study is
close to the estimated prevalence for Brazil (29.1%) and other
countries of the Americas (24.1%), and lower than the
prevalence identified in countries of Africa (57.1%) and
Southeast Asia (48.2%). In turn, it was similar to the preva-
lence identified in other cross-sectional surveys conducted
with pregnant women by Rocha et al22 (21.4%) and Fujimori
et al5 (20%), and higher than the prevalence found byMiglioli
et al21 (16%) for the state of Pernambuco, and by Abriha
et al23 (19.7%) for pregnant women from Mokelle, Ethiopia.
Our prevalence rate was expressively lower than the one
identified by Ferreira et al2 (50%) for pregnant women from
Alagoas, and by Khader et al24 (38.6%) for Palestinian preg-
nant women, and it was the same as the one found byMurillo
et al25 (21.8%) for pregnant women cared for in public and
private healthcare institutions in Cali, Colombia.

With regards to the epidemiological information on the
prevalence of anemia among pregnant women in Brazil, the
literature review study performed by Côrtes et al26 demon-
strated that, since the 1970’s, a large portion of the national
surveyswere conducted in the state of São Paulo,with results
that classify the prevalence of anemia at moderate to severe
epidemiological levels. According to the authors of this study,
this situation could be even more worrying in socially and
economically less developed states, in which the population
has less access to healthcare services. In a certain manner,
this fact corroborates the differences encountered in the
prevalence of anemia for the different regions of Brazil.

Another aspect that has been discussed in the specific
literature that may be related to these differences refers to
different cut-off points for the diagnosis of anemia adopted
in this survey.4 In accordance with Bresani et al,4 the choice
of hematological parameters (Hb and/or ferritin) and the cut-
off points used for the diagnosis of anemia during pregnancy
could be underestimating the iron deficiency and/or over-
estimating the occurrence of anemia.

In this study, the prevalence of anemia was significantly
higher for pregnant women residing in households with
more than four people. The investigation conducted with
150 pregnant women in the semi-arid region of Alagoas,
Brazil, by Ferreira et al2 also identified this relationship.

The number of dwellers in the householdwas a variable of
the structural level (level 1, block I), in accordance with the
hierarchized conceptual model previously defined (►Fig. 1),
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Table 3 Effect of the determinants of anemia in pregnant women according to different models. Santo Antônio de Jesus, Bahia.
2014–2015

Variables Model A
(block I)þ

Model B
(blocks I, II)þ

Model C
(blocks I, II, III.a)þ

Model D
(blocks I, II, III.a)þ

Model E
(blocks I, II, III)þ

Level 1–Block I: Socioeconomic and environmental factors

Marital status

With partner 1 1 1

Without partner 1.88
(0.89–3.99)

1.95
(0.90–4.25)

0.71
(0.22–1.86)

0.86
(0.34–2.15)

0.78
(0.29–2.09)

Position in the labor market

Working 1 1 1

Unemployed 2.06
(1.04–4.05)

1.62
(0.80–3.28)

1.64
(0.79–3.42)

1.73
(0.83–3.58)

1.65
(0.77–3.53)

Number of residents in the household

< 4 1 1 1

� 4 1.83
(0.97–3.43)

1.93
(1.01–3.70)

2.31
(1.15–4.64)

2.25
(1.13–4.48)

1.97
(0.95–4.09)

Schooling (years)

8 or more 1 1 1

Up to 7 1.35
(0.69–2.63)

1.40
(0.70–2.80)

0.38
(0.12–1.14)

0.38
(0.12–1.16)

0.36
(0.11–1.15)

Level 2–Block II

Food insecurity

No 1 1

Yes 3.46
(1.78–6.75)

3.60
(1.78–7.28)

3.74
(1.86–7.54)

3.63
(1.77–7.45)�

Level 3–Block III

Block III.a. Prenatal care factors

Prenatal care

Yes 1

No 5.98
(1.74–20.52)

5.15
(1.52–17.36)

5.15
(1.43–18.50)�

Parity

Primipara 1

Multipara 1.89
(0.91–3.94)

2.27
(1.02–5.05)�

Use of medicinal iron supplementation

Yes 1

No 2.46
(1.10–5.48)

2.42
(1.09–5.35)

2.45
(1.04–5.76)�

Block III.b. Nutritional Factors

Received nutritional prenatal guidance

Yes 1

No 0.64
(0.31–1.33)
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which was important in the explication of anemia in preg-
nant women, as it could be observed in thefinal and adjusted
models. This is an important socio-environmental character-
istic in the determination of anemia during pregnancy. This
association was measured considering FI, and is explained,
in part, by the reduction in the availability of food, in terms
of quality and quantity, to the pregnant women, once the
food available in thehousehold is divided by a higher number
of people.

The effect of the variable “number of dwellers in the
household – more than four people” on the prevalence of
anemia among pregnant women was even higher in the
presence of factors related to prenatal care. This demonstrates
the importance of prenatal care, which, under the influence of
environmental factors, could contribute to family planning
(respecting the rightof thewomen tohave childrenor not) and
to a reduction in the occurrence of anemia during pregnancy.

In the present study, FI had a direct effect on the genesis of
anemia among pregnant women. We also observed that,
comparatively, the situation of FI represented a chance 2.63
times higher of the pregnant women developing anemia.
This finding was close to the finding by Park and Eicher-
Miller27 in a study conducted with pregnant women partici-
pating in the National Health and Nutrition Examination
Survey (NHANES), in the United States. They identified a
chance 3 times higher for the occurrence of anemia, mainly
due to iron deficiency, among pregnant women in situations
of FI, compared with those in situations of food security.

According to Fujimori et al,28 in developing countries,
eating habits do not adequately comply with the necessary
quantityof bioavailable iron thatmust be consumeddue to the
high cost of red meat, which is considered the best source of
heme iron, because it is better absorbed. The results of the

surveys conductedbySchlindweinandKassouf29 revealed that
the standard consumption of meat among the Brazilian popu-
lation isdeterminedby thelevel of incomeandschoolingof the
women, and by the composition of the family. Therefore,
pregnant women without spouses, who are unemployed,
have low schooling, and live in households with more than
four people and in situations of FI present greater chances of
developing anemia.

The situation of FI is an important indicator of the inequal-
ities created by the economic system. Poverty and social
inequality are the main determinants of FI, since they
compromise mainly the access to proper food in terms of
quantity and quality. Therefore, these factorsmay contribute,
in a complementary manner, to the diagnosis of FI in house-
holds with pregnant women.

In the present study, the prevalence rate of FI (28.16%)was
lower than the rates identified byMarano et al30 (37.78%) for
pregnant women in two municipalities in the state of Rio de
Janeiro, Brazil, and by Lôbo31 (59%) for mothers from the city
of João Pessoa, Brazil, and expressively higher than the
prevalence found for North-American pregnant women
(15.69%) in the study by Park and Eicher-Miller.27 When
compared with the data on the prevalence of FI produced by
the Brazilian National Survey of Demography and Health of
the Woman and Child (PNDS, in the Portuguese acronym),32

related to the year 2006, the prevalence of FI in this studywas
lower than the prevalence (38%) identified for women (in the
age group between 15 and 49 years of age) and their children
(under 5 years of age). In relation to the data estimated by the
2013 Brazilian National Household Sample Survey (PNAD, in
the Portuguese acronym),33 the prevalence rate found in the
present study was lower than the estimated value for the
Northeast region (38.1%) and for the state of Bahia (37.2%);

Table 3 (Continued)

Variables Model A
(block I)þ

Model B
(blocks I, II)þ

Model C
(blocks I, II, III.a)þ

Model D
(blocks I, II, III.a)þ

Model E
(blocks I, II, III)þ

Block III.c. Lifestyle and maternal factors

Alcohol consumption

No 1

Yes 1.89
(0.72–4.90)

Age (years)

< 18 0.64
(0.31–1.33)

18 to 30 1

> 30 0.38
(0.91–1.62)

AIC 253.46 242.08 231.21 232.22 234.53

Abbreviations: þOR (95%CI); 95%CI, 95% confidence interval; AIC, Akaike information criterion; OR, odds ratio.
Notes: In model B, the direct effect of the sociodemographic factors is observed (observe the change in OR in relation to model A) due to the
mediation of the food insecurity factor.� The same is observed in model E, with emphasis to the socioeconomic factors (marital status, with an
alteration from 1.95 [model B] to 0.78 [model E], and maternal schooling [from 1.40 to 0.36]). With the adjustment of models C and D in relation to
model E, it is observed that the mediation was due to prenatal care factors.� The total effect of each factor is underlined (models A, B and E).
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nevertheless, it was higher than the percentage for Brazil as a
whole (22.6%) and for other regions of the country, in which
the percentages were below 20%.

It should bementioned that, during the search for specific
Brazilian literature on the prevalence of FI during pregnancy
and its effects to the health and nutrition of the pregnant
women, only the investigations conducted by Marano et al30

and Lôbo31 were identified with this approach.
The present study is the first to evaluate the effect of FI on

anemia in pregnant women in Brazil as a whole. This reveals
that the approach of FI during pregnancy is recent and scarce in
Brazil, but some of the effects of its importance for thehealth of
womenhavealreadybeenevidencedinthepresentand inother
investigations;27,30,31 therefore, the results presented here,
along with those from other well-conducted studies, should
stimulate the development of further research in this direction.

In this study, the determinants related to prenatal care
were those exercising greater mediating effect on the socio-
economic and environmental factors related to the genesis of
anemia in pregnant women, with emphasis to marital status
without spouse and lower maternal schooling. Such results
are corroborated by those already found in other studies.28,34

If on the onehand thesefindings evidence that, apart from
the biological condition favoring the development of anemia
during pregnancy,11 it is not only reproduced, but also
influenced, by structural conditions (distal), such as envi-
ronmental conditions (number of dwellers in the household)
and socioeconomic (position in the labor market, marital
status and maternal schooling as variables of adjustment in
the final hierarchized model), and intermediary (food inse-
curity). On the other hand, the relevance of the factors related
to prenatal care is emphasized, which was considered, in the
present investigation, as hierarchically proximal in the de-
termination of anemia in pregnant women.

Among the prenatal care factors that integrate the concep-
tual model of the present study (►Fig. 1), the non-realization
of prenatal care, multiparity and the non-supplementation of
iron demonstrated statistically significant associations with
anemia in pregnant women.

Results from other studies with different models,7,35 never-
theless, also identified relationships between the non-realiza-
tion of prenatal care and a greater occurrence of anemia during
pregnancy. Ikeanyi and Ibrahim7andRezketal35encountereda
greater chance of developing anemia among pregnant women
who did not perform prenatal care; in their studies, the non-
realization of prenatal care increased, respectively, 130% (OR
¼ 2.30) and 25% (OR ¼ 1.25) the chances that the pregnant
women would develop anemia. In the study conducted by
Szarfac et al36 with pregnant women from São Paulo, the
authors observed that prenatal carewas associated to a higher
concentration of Hb and lower occurrence of anemia during
pregnancy.

The importance of prenatal care for the health of the
pregnantwomanand the fetus36,37 is scientifically recognized.
Thus, the Brazilian Ministry of Health recommends that
prenatal care should begin at an early stage, offering universal
coverage, and performed periodically and integrated with
other curative actions and health promotion actions for the

mother and the fetus, with at least six consultations.36,37

Clinical procedures that are essential for accompanying the
pregnancy, such as laboratory exams, vaccines, educational
activities and family planning,36,37 should also be included.

According to Rasia and Albernaz,37 notwithstanding the
advances in relation to the increase in the coverage of
prenatal care in Brazil, it is still possible to identify inequal-
ities in the prenatal care offered to the pregnant women.
Pregnant women with unfavorable socioeconomic situa-
tions, low schooling, and who reside in rural areas – factors
associated to worse health and nutritional conditions –

continue to be the ones that seek prenatal care the less,
which evidences the social and geographical inequality that
is reflected in the precarious access to health services such as
prenatal care, obeying the inverse care law.37

Apart from the epidemiological aspects, the influence of
other factors related to socio-anthropological impressions and
expressions toward not performing prenatal care by some
pregnant women should be taken into account. For this, it is
necessary to understand the meanings and social representa-
tions of pregnancy and the realization or not of the prenatal
care. In this sense, the review study performed by Silva et al38

revealed that the significance of prenatal care involved socio-
cultural, family and emotional aspects. For somemothers of the
mentioned study,38 gestation was not considered a happy or
special moment in their lives, and the failure to perform the
prenatal care was due to insecurity and fear of the unexpected
andofpunishment fromthehealthprofessionals, andthatmade
these women view prenatal care negatively. The importance of
the caregivers’ approach, integrating the familyand considering
the necessities of the women as a subject, their difficulties,
expectations and sentiments in relation to the pregnancy.38

In the present study, the higher the parity, the higher the
chance of developing anemia (OR ¼ 2.27). Results obtained
from other investigations28,34 demonstrated that the preva-
lence of anemia in women increased with subsequent ges-
tations due to the depletion of iron. It is valid to comment
that the occurrence of anemia due to the depletion of the
organic iron reserves can also be linked to a lower interval
between pregnancies and to social and economic conditions,
which determine the inadequate quality and quantity of food
and FI, and to the despoliations caused by intestinal parasit-
osis, which aremore frequent among pregnant women living
in households with precarious sanitation.28

The lack to perform the medicinal supplementation of
iron was another factor also related to prenatal care pre-
sented as a risk factor for anemia among the pregnant
women in this study; it increased the chances of developing
anemia to 145% (OR ¼ 2.45) among women who underwent
the supplementation compared with those who did not.
Results from other studies39,40 corroborate this finding.
According to the study performed by Wendt et al39 with
pregnant women from India, the authors identified chances
37% (OR ¼ 1.37) greater of developing anemia among preg-
nant women who did not undergo iron supplementation. In
another investigation, conducted by Ononge et al40 with
pregnant women from Uganda the chance of developing
anemia rose to 66% (OR ¼ 1.66). The results of the clinical
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trial by Rivot et al41 involving pregnant Spanish women did
not show the effects of iron supplementation in the reduc-
tion of anemia during pregnancy. In Brazil, a clinical trial42

performed in the city of Recife, with the aim of evaluating the
effectiveness of therapeutic regimens using ferrous sulfate in
pregnant womenwith anemia, revealed that daily treatment
was efficient in improving the serum concentrations of
hemoglobin and ferritin.

Even if some degree of dissension is identified in the
specific literature on the effectiveness of iron supplementa-
tion in pregnant women, well-conducted studies39–42 and
meta-analyses43 have demonstrated significant effects of
iron supplementation in improving the rates of anemia
among pregnant women and some impacts on the reduction
of:maternalmortality; the delay in intrauterine growth; low
birth weight; and low iron reserves of the newborn.

In this context, it is important to emphasize that, in 2005,
the Brazilian Ministry of Health implemented the National
IronSupplementationProgramwith thepurposeofpromoting
universal supplementation to children aged 6 to 18 months,
pregnant women as of the 20thweek, andwomen in the post-
partumperiod, in order to control the prevalence of anemia in
these groups.44

In the plan for the development of policies for the control
of anemia in Brazil, emphasis is given to the iron and folic
acid medicinal supplementation program, and the program
for the enrichment of wheat and corn flour with iron and
folic acid, implemented in 2004.5,44

Although the results of the study of national scope by
Fujimori et al,5 which evaluated the impact of wheat and corn
flour enrichedwith iron and folic acid in thehemoglobin serum
concentrations of pregnant women, demonstrated a significant
reduction in the prevalence of anemia from 25% to 20% in the
total sample (n ¼ 12,119), the prevalence is still high (in a
moderate level) in the Northeast (29%), Midwest (27.8%) and
North (25%) regions ofBrazil. These rates could be a reflectionof
the influence of socioeconomic, demographic and environmen-
tal factors that are distributed in a different manner among
these regions of the country in relation to the South and
Southeast regions, where prevalence rates were lower.5

It should be observed that one of the factors related to the
effectiveness of this strategy is the consumption of enriched
wheat and cornflour, namelyby pregnantwomen.44Thus, it is
possible that FI situations, which are closely associated with
socioeconomic (family income, the price of flour etc.), envi-
ronmental (number of dwellers in the household) and behav-
ioral aspects, compromise the access to and consumption of
these foods,17 as well as of other adequate foods in terms of
quality, quantityandsources of bioavailable iron, contributing,
in this manner, toward the increase in the prevalence of
anemia, especially due to iron deficiency, in pregnant women.

The importance of the development of strategies in
nutritional education is also emphasized in the context of
prenatal care, with the purpose of promoting healthy eating
practices among the pregnant women, prioritizing the
consumption of foods that are sources of iron and of
other nutrients related to the synthesis of hemoglobin
(vitamins A, B12, B9, among others).

From the methodological point of view, it should be
considered that even with the statistical adjustment of
the models of this study by different confounding factors,
investigations with cross-sectional designs present some
limitations. Among these is the limitation that hinders the
fulfillment of the assumption of temporality, which is
essentially important when it is not possible to determine
the temporal extension of the variables of exposure on the
outcome. Accordingly, the cross-sectional design does not
enable the establishment of a relationship of cause and
effect among the studied events, but identify associations
among these. Nevertheless, a more robust method of anal-
ysis was used, the hierarchical analysis, which is based on a
previously defined conceptual model that enabled a greater
control of the confounding factors and the measurement of
the breakdown of the total effect of their non-mediated
components (or direct) in the relationships investigated.

Conclusions

The hierarchical analysis used in the present study enabled
the identification of the determinants of anemia during preg-
nancy, collaborating to the identification of the confounding
factors, and to the interpretation of the results in the light of
socio-environmental, food safety and prenatal care aspects.

In this study, the chance of developing anemia among
pregnant women was significantly higher than in other stud-
ies, mainly among women in situations of FI, not performing
prenatal care, multipara and without iron supplementation.

We hope that these results will contribute to the develop-
ment of integrated and intersectorial strategies for the control
of anemia in pregnant women, considering, apart from the
biological determinants, other factors, such as socio-environ-
mental, food safety and prenatal care aspects, which can
directly or indirectly interfere in the occurrence of anemia.
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