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SUMMARY: The folate deficiency can
irreversible health damage, such as the neural tube defects.

result in
The aim of this article is to determine the folate intake of
pregnant women in Vale do Jequitinhonha, Minas Gerais
state, Brazil, one of the poorest regions in the world. A
descriptive, cross-sectional study was done in 2013 with 492
pregnant women attending the basic health units run by the
public health service (Sistema Unico de Saude, SUS) in 15
municipalities. A standard questionnaire was used to gather
the data, which included socioeconomic indicators and a
food frequency questionnaire. The data were analyzed and
compared statistically based on prevalence ratios and 95%
confidence intervals. The prevalence of inadequate folate
intake was associated with some socioeconomic factors:
it was higher amongst the low income and less educated
women, in younger women and those who had fewer meals
per day. The prevalence of inadequate folate intake in the
diet was 94.7% when the contribution of food fortification
was not considered, 49.2% taking into account fortified
foods, and 17.1% considering food folate, fortified foods,
and supplementation with folic acid. We conclude that
fortifying foods with folic acid at the current levels reduces
the inadequacy of folate intake in the diet, but not enough to
assure safe levels and to meet the nutritional requirements
of pregnant women in Brazil.
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RESUMO. Consumo de acido félico por gestantes
do Vale do Jequitinhonha, Brasil, e a contribuicio
dos alimentos fortificados. A deficiéncia de folato pode
acarretar prejuizos irreversiveis como os defeitos do tubo
neural. O objetivo deste artigo ¢ determinar o padrao de
consumo de folato por gestantes no Vale do Jequitinhonha,
Minas Gerais, Brasil, uma das regides mais pobres do mundo.
A pesquisa descritiva do tipo transversal foi realizada com
492 gestantes atendidas em Unidades Basicas de Saude do
SUS em 15 municipios do Vale do Jequitinhonha no ano de
2013. Para a coleta de dados foi utilizado um questionario
padronizado, que inclui um questiondrio socioecondémico
e inquérito de frequéncia alimentar. Os dados foram
analisados e comparados estatisticamente através de
razdo de prevaléncias e intervalo de confianga de 95%. A
prevaléncia de consumo insuficiente de folato mostrou-se
associada com alguns fatores socioecondmicos: foi maior
em gestantes com baixa renda, de baixa escolaridade e em
gestantes mais jovens e que realizavam menos refei¢cdes por
dia. Observou-se que a prevaléncia de consumo insuficiente
de folato na dieta foi de 94,7% desconsiderando a inclusdo
de alimentos fortificados, 49,2% considerando a dieta com
alimentos fortificados e 17,1% considerando a dieta, a
fortificagdo e a suplementagdo medicamentosa com acido
folico. Conclui-se que a fortificag@o de alimentos com acido
félico nos niveis atuais reduz a inadequacdo do consumo
na dieta, mas ndo ¢ suficiente para suprir as necessidade
e garantir os niveis seguros da oferta deste nutriente entre
gestantes brasileiras.

Palavras-chave: Acido folico, defeitos do tubo neural,
Brasil.

INTRODUCTION

Folate is an essential micronutrient necessary for
the normal metabolism of the organism. Its deficiency
canresult in irreversible health effects. The population
groups most prone to folate deficiency are pregnant
women, pre-school-age and school-age children,
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breastfeeding women and female adolescents. In these
groups there is an increased pace of cell growth and
development, resulting in higher folate requirement
(1, 2).

During pregnancy, folate is important for the
increased growth of red blood cells, the expansion
of the uterus, the growth of the placenta and the
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fetus, and the prevention of preterm births. Folate
deficiency could be associated with complications
during pregnancy, including hypertension syndrome,
hemorrhaging, miscarriages, and cardiovascular
diseases (3).

However, folate deficiency is most often cited
as the primary risk factor for neural tube defects
(NTDs). NTDs are among the most significant
congenital causes of morbidity and mortality,
occurring in 300,000 newborns each year worldwide
(4). They are caused by the abnormal closure of the
embryonic neural tube around the 22rd to 28th day
after conception. The resulting structural defects
occur anywhere along the neuraxis and often lead to
the exposure of neural tissue. Children with NTDs
may have paraplegia, neurogenic bladder, urinary
tract infections, renal failure, hydrocephalus and
kyphoscoliosis, to name just the most severe or
frequent manifestations (5).

Genetic factors are associated with the causes
of NTDs. These include simple gene mutations like
Meckel syndrome and chromosomal abnormalities
such as trisomy 13 and 18, and polymorphisms of
genes associated with folate metabolism, such as
the gene associated with methylenetetrahydrofolate
reductase (MTHFR) (6).

Folic acid prevents NTDs because it is a source
of carbon for nucleotide synthesis and a variety of
methylation reactions. Reduced levels in the organism
are associated with a build-up of homocysteine, which
in turn produces an enzymatic alteration in MTHFR,
causing NTDs (4, 7).

The serious nature of neural tube defects and
the associated morbidity and mortality makes it
even more important to assure adequate folic acid
intake by improving the diet, fortification and/or
supplementation with this vitamin. Studies show that
the extra intake of folic acid in the periconceptional
period reduces the risk of occurrence and recurrence
of NTDs by 60% to 70% (7).

Folic acid supplementation prior to pregnancy has
been recommended since 1992 (8, 9). The Institute
of Medicine’s daily recommended intake of 600 g
is often hard to achieve with a natural diet (without
fortified foods), which supplies around 250 pg/day
for a total daily energy intake of 2,200 Kcal (2). In
response, in 2002 the Brazilian Ministry of Health
established the mandatory fortification of wheat
and maize flour with iron and folic acid to prevent

the occurrence of anemia and neural tube defects,
through Anvisa resolution RDC 344. This resolution
determined that every 100 g of flour must contain
0.15 mg folic acid, and negotiated an 18 month
adaptation period with the industry, which expired in
June 2004 (10).

Little research has been done into the effect of
folate intake by Brazilian women during pregnancy.
The studies done in the 1990s and in the first decade
of this century show a prevalence of inadequate
folate intake by pregnant women around 60-80% (11-
13). A study into the food consumption of pregnant
adolescents by a prenatal center in Fortaleza found
that their diets were poor, containing less than 70%
the recommended folic acid intake, based on the
Institute of Medicine reference level (14).

However, most of these studies have been done
in the south-east of Brazil. Studies in poorer parts of
the country are scarce, and very few have been done
since wheat and maize flour fortification became
mandatory in 2004. This is why it is important to
ascertain whether the average intake is raised enough
by flour fortification with folic acid to effectively
increase the supply of folic acid and consequently
result in lower prevalence of neural tube defects.

This article aims to evaluate the intake of folate
by pregnant women from Vale do Jequitinhonha, one
of the poorest parts of the world, nine years after the
mandatory fortification of flour with folic acid was
introduced in Brazil. The aim is to ascertain whether
folate consumption levels are adequate and what are
the main sources of the folate consumed, as well as
its associated factors, providing inputs for public
policies designed to reduce NTDs in such vulnerable
population groups.

MATERIALS AND METHODS

This was a cross-sectional study of pregnant
women receiving prenatal care at basic health units
in 15 municipalities in Vale do Jequitinhonha, Minas
Gerais, Brazil. Vale do Jequitinhonha covers 14.5%
of the area of Minas Gerais state, and 29 of the 80
municipalities in the region record their deliveries in
the Hospital Information System run by the public
health service (Sistema Unico de Saude, SUS).

The sample size was calculated considering the
total of 12,500 deliveries registered in 2010 in Vale
do Jequitinhonha (15) and an expected prevalence
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of 30%, calculated from the average of three studies
done in Rio de Janeiro (1, 11, 12), a confidence limit
of 95%, and an acceptable error of 4 percentage
points. As such, the minimum sample size for this
study was calculated as 485 pregnant women.

The field study was done at basic health units
from 15 municipalities selected because they had
an average of one delivery a day, or 30 a month, in
2012. Together, these municipalities comprise 78%
of all the region’s deliveries. Two to nine health units
were selected randomly from each municipality for
inclusion in the study.

The inclusion criteria for the study were women
in the third trimester of pregnancy and residents in
one of the 80 municipalities in Vale do Jequitinhonha.
The exclusion criteria were pregnant women with
cognitive or auditory deficiency. All the women
were informed about the research, and were asked
to sign an informed consent form. At the health
clinics included in the study, the doctors were also
interviewed to find out whether they prescribed
medications and/or supplements that contained folic
acid, in cases where the women did not know. They
were also informed about the study and asked to sign
an informed consent form.

A questionnaire was used to gather
socioeconomic data and information about folic acid
supplementation, which had previously been tested
and adjusted after a pilot study. The questions were
asked by trained interviewers, who were supervised
by a field coordinator. Whenever possible, the women
were approached when they attended their prenatal
group visits, which took place every month at the
clinic, or by individual appointments.

Demographic and socioeconomic data were
collected, as well as information on the women’s
participation in social welfare programs. Data were
also gathered on the current pregnancy and the prenatal
care received, as well as the women’s familiarity
with and use of folic acid supplementation. To assess
their folate intake, we employed a food frequency
questionnaire (FFQ), adapted to the population group
and nutrient evaluated, which had already been used in
a previous research (16). It was used to obtain data on
habitual diet during pregnancy, and presented options
about the frequency of consumption of a number of
selected foods. The 76 food items on the list were
presented in standard portions, using household
measurements or individual units, to calculate the

quantities consumed. In order to estimate daily
intake, the stated frequencies of the foods consumed
were converted into their daily folate equivalent.

To determine the portions consumed or the size
of a household portion from the food frequency
questionnaire (FFQ) in grams (g) or milliliters (ml),
a table for evaluating food consumption in household
measurements was used (17). The quantity of folate in
pg was calculated for each of the 76 food items listed.
The food composition table published by Instituto
Brasileiro de Geografia e Estatistica (18) was used
to obtain the nutritional composition of the foods. A
second food composition table (19) was consulted
when one of the foods on the FFQ or some food
under investigation was not contained on the TCA/
IBGE table. Finally, the nutritional information on the
packaging of the foods consumed was consulted to fill
any remaining information gaps. Nutritional labelling
is mandatory in all manufactures foods in Brazil.

In order to verify the adequacy of folate intake
during pregnancy, the Institute of Medicine’s
recommended dietary allowance (RDA) of 600 ng
folate was used (9). We also adopted proposal of
classifying 60% of the recommended daily intake
as low and 61% to 100% as intermediate (20). Also,
drawing on the work of Fonseca and collaborators
(12), intake was divided into three categories: less
than 360 pg/day (<60% of RDA), 360 pg to 599 pg/
day (61% to 99% of RDA), and 600 pg/day or more
(100% or more of RDA). We also ascertained whether
the intake values obtained from food fortification
reached the tolerable upper intake level (UL). The
folic acid values from fortified foods and supplements
were converted into dietary folate equivalent (DFE),
since the bioavailability of folic acid is greater than
the folate from unfortified foods. As such, 1 DFE
was taken as corresponding to 0.6 pg folic acid from
fortified foods and/or supplements consumed with
food, and was the equivalent of 1 pg food folate (9).

The pregnant women’s use of vitamin supplements
was also checked. To estimate the quantity of folic
acid in the supplements, the method recommended by
of Fonseca and collaborators (12) was adopted, which
assumes a daily intake of 400 pg of folic acid, the
dose recommended for pregnant women and normally
found in vitamin supplements.

The data were subject to statistical analysis with
Epiinfo (2007) software package (21). In the case
of the continuous variables, such as age and food
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consumption, the means, medians and standard
deviation were calculated. When necessary, the
averages were compared using ANOVA with the
Origin 6.0 software package (Microcal Software
Inc.). For the categorical variables, the frequencies,
standard deviation and 95% confidence intervals
were calculated, and for the association tests, when
appropriate, the prevalence ratio (PR) was calculated,
considering a 95% confidence limit.

The project was submitted to the ethics committee
of'the State University of Montes Claros (Universidade
Estadual de Montes Claros, UNIMONTES) and
approved under protocol no. 3094.

RESULTS

Interviews were conducted with 492 pregnant
women in the last trimester of pregnancy who were
receiving prenatal care at the basic health units under
study, all run by the public health service (SUS), in 15
municipalities in Vale do Jequitinhonha, Brazil.

The average age of the pregnant women studied
was 25.3 (SD= 6.2 years); the youngest was 13 and
the oldest was 43; there were 20.3% of adolescent
mothers. Most of the women declared to have brown
or black skin (78.6%) and lived with a partner (72.3%);
32.7% of women reached only primary education.

The majority of the women had a household
income of up to one minimum wage (66.7%). The
mean household income was 1.44 times the minimum
wage. 45.7% of the women received the federal
government’s conditional cash transfer benefit, “Bolsa
Familia”, and the average length of participation in
this program was 3.7 years (Table 1).

It was the first pregnancy for 39.8% of the women
interviewed, and 66.1% of the women had had fewer
than six prenatal visits (Table 1). Most of the women
(92.7%) did not smoke before getting pregnant, and
96.1% were not smoking while they were pregnant.
74.3% of the women said they did not drink alcohol
before they got pregnant, and 96.5% said they did not
drink during pregnancy.

Concerning micronutrient supplementation, the
vast majority said they heard of folic acid supplements
from health professionals. However, only 4.8% started
supplementation before becoming pregnant, 34.3%
during the first month of pregnancy and 53.9% said
they started later (Table 1). The women mentioned
other supplements they used, which included ferrous

sulfate (67.1%) and multivitamins (2.6%).

Around 40.0% of the women (n=195) had received
nutritional guidance from health professionals, 150
(76.3%) of these during pregnancy, most (80.0%) with
the aim of ensuring a healthy pregnancy. The others
said they had received nutritional guidance in order
to help them lose (6.7%) or gain (7.7%) weight, or for
other motives (4.6%). Two of the women were unable
to answer these questions (1.0%).

According to the food frequency questionnaire
(FFQ), the pregnant women’s average folate intake
was 609.1 ug/DFE/day, with a standard deviation of
419.5 ng/DFE/day. As for the tolerable upper
intake level (UL) of folate, which is based on the
concentration of folic acid from food fortification
or supplements, it was found that 91 of the women
(18.4%) reached the UL for folic acid, which is
1,000 pg. However, the prevalence of insufficient
folate intake (below the RDA of 600 nug) was found
to be 94.7%, considering only food folate, without
fortification. This figure dropped to 49.2% after
inclusion of the fortified foods the women ingested,
and 17.1% when their diet as a whole was taken, plus
supplement use (Table 2).

Some socioeconomic and pregnancy factors
associated with a low folate intake (Table 2) were
lower educational level (PR=1.8 [CI95% 1.1-3.1]),
low household income (PR=2.0 [CI95% 1.3-3.0]),
teenage mothers (PR 1.7 [CI95% 1.1-2.4]) and few
meals per day (PR=1.3[CI95% 1.1-1.2]).

According to the FFQ, all the women in the
sample consumed foods containing wheat flour,
maize flour and their derivatives fortified with folic
acid. Table 3 shows the average folate consumed
per food source, both fortified and not. The most
widely consumed fortified foods were pasta (median
64.6 ug/DFE/day), “French bread” (white bread rolls)
and sliced bread (median 40.7 pg/DFE/day), savory
pastries (median 18.9 ng/DFE/day) and cake (median
7.1 ng/DFE/day). The most consumed unfortified
food sources of folate were beans (median 151.6 pg/
DFE/day), oranges (median 20.6 ng/DFE/day), milk
(median 12.5 pg/DFE/day) and fruit juice (median
9.6 ng/DFE/day).

DISCUSSION

The prevalence of inadequate folate intake
encountered in the study was 94.7%, considering only
the natural food sources of folate, without taking food
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TABLE 1: Characteristics of the pregnant women included in the study, who received healthcare at basic
health units run by the Brazilian public health service. Vale do Jequitinhonha, Brazil, 2013.

Characteristic Category No. of women  Percentage %
Maternal age * 10-19 100 20.3
(years) 2034 346 70.3
35-45 43 8.8
not informed 3 0.6
Ethnicity * brown or black 387 78.6
(self-declared skin color) white 86 17.5
yellow 19 39
Marital status ? with partner 356 72.3
without partner 135 27.4
not informed 1 0.2
Education * primary 161 32.7
secondary 294 59.7
higher 33 6.7
not informed 4 0.8
Household income * up to one 328 66.7
(minimum wage) between one and two 103 20,9
more than two 61 12,4
Receives cash benefit yes 225 45.7
(Bolsa Familia) no 267 54.3
Number of meals a day * up to three 138 28.0
more than three 354 72.0
Number of pregnancies * one 196 39.8
two 147 29.9
three 89 18.1
more than three 60 12.2
Number of prenatal visits * fewer than six 325 66.1
six or more 167 33.9
Pregnancy planning * yes, pregnancy planned 210 42.7
no, pregnancy not planned 279 56.7
not informed 3 0.6
Smoked before pregnancy * yes 36 7.3
no 456 92.7
Smoking during pregnancy * yes 19 3.9
no 473 96.1
Alcohol consumption yes 127 25.8
before pregnancy * no 365 74.2
Alcohol consumption yes 18 3.6
during pregnancy * no 474 96.4
Family history of yes 25 5.1
neural tube defects ? no 457 92.9
not informed 10 2.0
Familiarity with yes 440 89.4
folic acid ® no 52 10.6
Source of information health professionals 403 91.6
about folic acid ® media 20 4.5
friends 17 3.9
Start of folic acid before pregnancy 21 4.8
supplementation ° during the first month 151 343
after the first month 237 53.9
not informed 31 7.0
Received nutritional guidance  yes 195 39.6
during pregnancy * no 297 60.4

* Sample Size N= 492

b Sample Size N=440
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TABLE 2: Origin of folate consumed and prevalence of inadequate folate intake according to socioeconomic

and pregnancy-related factors. Vale do Jequitinhonha, 2013.

Origin of folate Folate Intake (DFE/day) *
<360 361-599 >600 Inadequacy PR® CI95%

Origin of folate consumed
diet 353 113 26 94.7% 5.5 4.6-6.7
diet + fortification 80 162 250 49.2% 2.9 2.3-3.6
diet + fortification + supplementation 23 61 408 17.1% 1

Socioeconomic and pregnancy factors Folate Intake (DFE/day) ®

<360 361-599 >600 Inadequacy PRD CI95%

Maternal age
10-19 16 57 31 69.0% 1.7 1.1-2.4
20-34 62 118 166 52..0% 1.2 0.9-1.3 (NS)
35-44 4 14 25 41.8% 1

Ethnicity (skin color)
white 14 27 45 47.6% 1.5 0.7-3.0 (NS)
black / brown 55 131 198 48.4% 1.5 0.8-3.0 (NS)
yellow 2 4 13 31.5% 1

Marital status
has a partner 57 127 172 51.6% 1 0.8-1.2 (NS)
does not have a partner 22 48 66 51.4% 1

Education
primary 17 72 72 55.3% 1.8 1.1-3.1
secondary 57 88 149 49.3% 1.3 0.8-2.2 (NS)
higher 3 7 23 30.3% 1

Household income (minimum wage)
up to one 62 120 146 55.5% 2.0 1.3-3.0
between one and two 24 33 46 55.3% 2.0 1.3-3.0
more than two 3 14 44 27.9% 1

Receives cash benefit (Bolsa Familia)
yes 36 93 96 57.3% 1.2 1.0-1.5 (NS)
no 42 81 144 46.0% 1

Number of meals a day
up to three 25 59 54 59.7% 1.3 1.1-1.2
more than three 58 101 195 44.9% 1

Number of pregnancies
one 37 79 80 59.1% 1.2 1.0-1.4 (NS)
more than one 43 100 153 48.3% 1

Number of prenatal visits
fewer than six 58 140 139 58.7% 1.2 1.0-1.5 (NS)
SiX or more 34 40 81 47.7% 1

Pregnancy planning
unplanned 60 95 124 55.5% 1.2 1.0 -1.5 (NS)
planned 30 64 116 44.7% 1

Familiarity with folic acid supplementation
no 13 21 18 65.3% 1.3 1.0-1.6 (NS)
yes 70 151 219 50.2% 1

Start of folic acid supplementation
after the first month 31 93 113 52.3% 1.1 0.9-1.4 (NS)
before pregnancy/ during first month 34 44 94 45.3% 1

* DFE (dietary folate equivalent) = 1pug food folate = 0.6 g folic acid from fortified foods
® PR= Prevalence Ratio (NS) = not significant
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fortification into account. A study in Rio de Janeiro
found a prevalence of 63.6% inadequate folate intake
(11). Two other Brazilian studies have reported
prevalence of inadequate folate intake of between
50% and 80% (12). The largest study published on the
consumption of folate by pregnant women in Brazil
involved 1,180 adolescents from the municipality of
Rio de Janeiro and the inadequacy reached 75.0%
(13).

The higher prevalence of insufficient folate intake
encountered in this study could be attributed to the
characteristics of the area under study, which has one
of the lowest socio-economic levels in the country.
One of the clear indicators of the degree of poverty
in the region is the fact that the most of the pregnant
women were living in households that had an income
of up to one minimum wage. This degree of economic
hardship is normally associated with greater difficulty
in maintaining a balanced diet (22). Another indicator
is the fact that almost half the women received the
federal government’s conditional cash transfer
benefit, “Bolsa Familia”, with most of them having
been on this benefit for an average of 3.7 years.

When the folate from fortified foods was
considered, the prevalence of inadequacy dropped
to 49.2% of the pregnant women. Similar results
were found by Pereira (16), who reported a 51.9%
prevalence of insufficient folate intake amongst
pregnant women, even taking into account their

consumption of foods fortified with folic acid. Finally,
the prevalence of inadequacy dropped to 17.1% when
folate intake was calculated by adding the folate from
food, from fortified foods and from supplements.

These results indicate there have been some
positive changes since the introduction of mandatory
fortification of wheat and maize flour with folic acid
in 2002 (10), in that the prevalence of inadequate
folate intake is lower than it would be, without the
consumption of fortified foods.

Adolescence was the age group found to have
the highest prevalence of insufficient folate intake:
twice higher than the women over 35 years of age. A
similar pattern was observed by Mezzomo et al. (1),
who found that young mothers (aged under 23) were
more susceptible to folate deficiency and therefore
presented a higher risk of neural tube defects. Despite
the higher folate requirement amongst this age group,
because of the pace of cell growth and development,
their eating habits are poor, and they do not consume
much in the way of fruit and vegetables (14).

Low income seems to be a risk factor for low
folate intake during pregnancy, as well as having
fewer meals a day. This could be explained by the
women’s limited financial means, making it hard for
them to buy food, so their diets are poor and their
access to the most basic means of subsistence at such
a delicate stage of life as pregnancy is restricted (22).

As for education, this study points to a higher

TABLE 3: Foods consumed by the pregnant women which contributed most to their folate intake.
Vale do Jequitinhonha, Brazil, 2013.

Folate intake

N° of pregnant Mean Median
Foods Consumed women (%) (ug/DFE/day)* + SD (ng/DFE/day)?
Fortified Foods
pasta 431(87.6%) 144.1 +226.8 64.6
white bread rolls and sliced bread 373 (75.8%) 96.2+171.4 40.7
savory pastries 351 (71.3%) 37.1+ 66.1 18.9
cake 380 (77.2%) 30.5+ 554 7.1
soup 238 (48.4%) 56.5+102.8 0.0
Unfortified Foods
beans 467 (94.9%) 122.4+82.3 151.6
oranges 416 (84.5%) 424+ 58.6 20.6
milk 404 (82.1%) 12.4+129 12.5
fruit juice 330 (67.1%) 21.4+34.0 9.6
tangerines 327 (66.5%) 11.4+22.6 2.6

* DFE (dietary folate equivalent) = 1pug food folate = 0.6 pg folic acid from fortified foods
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prevalence of folate intake below the RDA in pregnant
women with a lower educational primary level,
corroborating the findings of Lima et al. (11). Less
schooling implies less access to information, lower
income, and consequently more limited access to
food and fewer communication resources, hampering
access to health services. Education influences a
person’s understanding of food and nutrition, which
has an impact on their food preferences and their
habitual diet (14).

The prevalence of inadequate folate intake was
higher for the women who had not planned their
pregnancy and who said they had not heard of folic
acid. These data reinforce the importance of raising
awareness amongst pregnant women about the
importance of improving their diet before and during
the first weeks of pregnancy and getting periodic
check-ups.

In this study the vast majority of the pregnant
women took supplements that contained folic acid.
However, over half started this supplementation
after the recommended period, thereby limiting its
protective effect against neural tube defects caused
by the closing of the embryonic neural tube around
the 22nd to 28th day after conception (5). The small
percentage of the women who took periconceptional
folate was also significant: just 4.8% took the
supplement before pregnancy, which is similar to the
findings of a previous study by Mezzomo et al.(1),
who found this prevalence to be 4.3%. In developed
countries, studies indicate that around 40% of
pregnant women use periconceptional folic acid
supplements (23-24). This shows the importance of
adopting measures such as food fortification, which
increase folic acid intake not just before and during
pregnancy, but in women of childbearing age, serving
as a kind of universal supplementation.

This study findings indicate there is a strong
correlation between socio-economic factors and
insufficient folate intake. The fortified foods found to
contribute to the folate intake of the pregnant women
from Vale do Jequitinhonha were pasta, white bread
rolls and sliced bread. This shows that fortifying foods
with folic acid is an important measure for preventing
NTDs in Brazil, especially in poor regions like Vale
do Jequitinhonha.

CONCLUSIONS

We conclude that fortifying foods with folic acid
at the current levels reduces the inadequacy of folate
intake in the diet, but not enough to assure safe and
adequate levels and meet the nutritional requirements
of pregnant women in Brazil.
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