
Fortification of Corn Masa Flour With Folic Acid in the United States
Food fortification is an ef-

fective public health tool for

addressing micronutrient

deficiencies. The mandatory

fortification of enriched ce-

real grains (e.g., wheat flour)

with folic acid, which began

in the United States in 1998,

is an example of a success-

ful intervention that signifi-

cantly reduced the rate of

neural tube defects (NTDs).

However, despite the drop

in NTD rates across all

racial/ethnic groups after

fortification, Hispanics con-

tinue to have the highest

rates of this condition. One

possible way to reduce this

disparity is to fortify corn

masa flour to increase the

overall intake of folic acid

in Hispanic women.

We present the available

evidence in favor of this

approach, address possible

safety issues, and outline

next steps in the fortification

of corn masa flour with folic

acid in the United States. (Am

J Public Health. 2011;101:

1360–1364. doi:10.2105/

AJPH.2011.300135)
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NEURAL TUBE DEFECTS

(NTDs), one of the more common
birth defects, are estimated to af-
fect approximately 3000 US
pregnancies each year.1 NTDs are
also one of the most serious birth
defects. The 2 most common
types of NTDs are spina bifida
and anencephaly, which are
caused by the incomplete devel-
opment of the neural tube, a
sheath that closes during early
embryonic development to form
the brain and spinal cord. NTDs
are significant contributors to in-
fant mortality. Infants born with
anencephaly generally die within
days or weeks; infants with spina
bifida who survive usually have
serious long-term morbidity and
medical problems, including hy-
drocephalus, which is associated
with the Arnold-Chiari type II
malformation of the spinal cord
that accompanies spina bifida.2

The prevalence of NTDs varies
by race/ethnicity, with Hispanic
women having a higher prevalence
rate of births with NTDs com-
pared to non-Hispanic White
women and non-Hispanic Black
women.3 The development of the
neural tube is normally completed
within 28 days after conception4;
thus, in light of the fact that half
the pregnancies in the United
States are unplanned,5 NTDs can
develop before women know they
are pregnant. Randomized con-
trolled trials in the early 1990s
showed that up to 70% of NTDs
could be prevented if women
consumed adequate folic acid
around conception and in early
pregnancy.6,7 This discovery
led the US Public Health Service
and the Institute of Medicine to

recommend that women capable
of becoming pregnant should
consume 400 micrograms of folic
acid per day.8,9 To further im-
prove folic acid intake in women
of childbearing age, the US Food
and Drug Administration (FDA)
mandated in 1996 that by January
1, 1998, all enriched cereal-grain
products (e.g., wheat flour and re-
lated products, corn meal, and
rice) would be fortified with folic
acid at 140 micrograms per 100
grams of product.10

The mandatory folic acid forti-
fication of enriched cereal grains
in the United States has proven
to be a successful public health
intervention to reduce the rate of
NTDs. Various comparisons of
NTD prevalence before and after
fortification reveal a significant
decrease ranging from approxi-
mately 19% to 26%, with even
larger decreases found by studies
using data from state birth defects
surveillance systems that use
prenatal ascertainment.1,11---13 An-
other measure of the effectiveness
of fortification is the blood folate
status of the US population. The
National Health and Nutrition
Examination Survey (NHANES),
designed to assess the health and
nutritional status of the US popu-
lation, documents red blood cell
folate (which measures long-term
folate intake) and serum folate
(which measures short-term in-
take).14 Both the red blood cell
folate and serum folate concen-
trations in the overall US popula-
tion increased after fortification.14,15

Among women of childbearing
age (15---45 years), median red
blood cell folate levels increased
65% between the pre- and

postfortification periods, and the
prevalence of low red blood cell
folate ( < 140 ng/mL) declined
from 37.6% in 1988---1994 to
5.1% in 1999---2000 and to 4.5%
in 2005---2006.14 The median
serum folate levels among women
of childbearing age followed the
same pattern. Levels increased
from 4.8 nanograms per milliliter
in 1988---1994 to 13.0 nanograms
per milliliter in 1999---2000, and
the prevalence of low serum folate
( < 3 ng/mL) improved from
20.6% in 1988---1994 to 0.8%
in 1999---2000.14 Prevalance
of low serum folate stayed low
from that time through 2005---
2006.14

RACIAL/ETHNIC
DISPARITIES IN NEURAL
TUBE DEFECT RATES

Despite the initial success of
folic acid fortification in the United
States, it is not known whether all
NTDs that could be prevented by
folic acid are being prevented.16

A study evaluating the relationship
between NTDs and maternal folic
acid consumption in US women
who conceived at least six months
after mandatory folic acid fortifi-
cation began found no association
between maternal folic acid sup-
plement use or dietary intake and
NTD occurrence.17 This finding
may indicate that fortified foods
are most likely providing enough
folic acid to prevent folate-related
defects, but Hispanic women have
consistently had a higher preva-
lence rate for NTDs than have
non-Hispanic White women and
non-Hispanic Black women, both
before and after fortification,
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despite the overall decline in
prevalence rates across all racial/
ethnic groups.3 An analysis of data
from 21 population-based birth
defects surveillance systems in the
United States showed that al-
though there was a significant
decline in the prevalence rate
for both spina bifida and anen-
cephaly in Hispanic births after
fortification, the rate of NTDs
was higher in Hispanic births
than it was in any other ethnic
group.3 According to recent data
from the National Birth Defects
Prevention Network (2005---
2007), Hispanic women were
1.21 times more likely to have
an NTD than were non-Hispanic
White women (95% confidence
interval [CI] = 1.11,1.31; Figure1).18

Acculturation may also play
a role in the rate of NTDs within
the Hispanic population, with less
acculturated Hispanic women
being at highest risk of NTDs. For
example, one study found that
Hispanic mothers whose predom-
inant language at home was
Spanish were 1.87 times (95%
CI = 1.48, 2.35) more likely to
have a baby with spina bifida,
whereas those whose predominant
language at home was English
were only slightly more at risk
than was the reference group.19

Blood folate levels also vary by
race/ethnicity, and although the
median serum folate levels of
non-Hispanic White women were
significantly higher than those
of Mexican American women, the
median red blood cell folate
levels of non-Hispanic White
women were no different from
those of Mexican American
women.14 The reasons for this
disparity are unknown; there may
be a combination of genetic20 and
environmental factors such as ra-
cial/ethnic differences in folate
metabolism, maternal diabetes,
and obesity.3

These nonfolate factors may
help to explain the racial/ethnic
disparity in NTD rates and the
discrepancy between the high
rates of NTDs among Hispanics
and their seemingly sufficient red
blood cell folate levels. This phe-
nomenon merits further study.
The Hispanic population in the
United States has grown signifi-
cantly over the last 30 years and
is projected to be more than
24% of the total population by
2050.21 Hispanic women have
consistently had the highest fer-
tility rate among all racial/ethnic
groups, and they account for
about 24% of live births in the
United States.22 These data un-
derscore the importance of ad-
dressing the higher rates of NTDs
in the Hispanic population, as this
population will continue to grow
rapidly.

Although serum folate levels
have significantly increased in

women of childbearing age since
fortification, many nonpregnant
women of childbearing age in the
United States are still not con-
suming the recommended usual
daily intake (400 lg) of folic acid
through diet and supplements.23

Despite educational campaigns to
increase women’s consumption
of supplements containing folic
acid, including campaigns targeted
toward specific racial/ethnic
groups,24 evidence shows that
women of childbearing age are
still not consuming enough. One
study using NHANES data esti-
mated that from 2003 through
2006, approximately 75% of
nonpregnant US women of child-
bearing age did not consume the
recommended usual daily intake
of folic acid.25 Supplement use
was the strongest predictor of
adequate intake; women who
used a supplement that contained
folic acid had a prevalence of

recommended usual intake that
was 10 times that of women who
did not.25 Unfortunately, the
prevalence of self-reported daily
use of supplements that con-
tained folic acid was less than
40% from 1995 through 2008
according to a survey of a na-
tional sample of US women aged
18 to 45 years.26

Furthermore, Hispanic women
have lower intake of folic acid
overall than do non-Hispanic
White women. Studies have re-
vealed that a smaller percentage of
Hispanic women consumed at least
400 micrograms of folic acid from
supplements and fortified foods
than did non-Hispanic White
women.23,27

Because of the existing racial/
ethnic disparity of higher NTD
rates in Hispanic women, and
because consumer education
alone has not been sufficient to
increase consumption of folic acid

Note. Fortification refers to the 1996 US Food and Drug Administration mandate that by January 1, 1998, all enriched cereal-grain products

(e.g., wheat flour and related products, corn meal, and rice) would be fortified with folic acid at 140 lg per 100 g of product.10

Source. Centers for Disease Control and Prevention.18

FIGURE 1—Neural tube defect prevalence by race/ethnicity for 25 surveillance programs: National Birth

Defects Prevention Network, United States, 1995–2007.
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in all women of childbearing age,
additional targeted fortification is
needed to increase folic acid con-
sumption in the Hispanic popula-
tion. A key ingredient in most
Latin American diets is corn masa
flour, a flour made from specially
treated corn used to make corn
tortillas, tamales, and other dishes
common in Mexico and Central
America. Fortification of corn
masa flour has the potential to
reduce the disparity in NTD in-
cidence in the Hispanic population
by increasing the overall intake
of folic acid in Hispanic women.

CORN MASA FLOUR
FORTIFICATION IN THE
UNITED STATES

Some countries, such as Mexico
and several countries in Central
America (e.g., Costa Rica), have
voluntary or mandatory fortifica-
tion of corn masa flour and related
products (e.g., corn tortillas) with
folic acid.28 Although implementa-
tion has been successful in these
countries, there are currently no
population-based data to extrapo-
late the possible effects that fortifi-
cation of corn masa flour would
have on Hispanic women in the
United States. For example, Costa
Rica has seen a reduction of NTDs
at birth since fortification of both
wheat and corn flour, but the data
on Costa Rica do not show the
independent effect of corn flour
fortification alone.29

Therefore, Hamner et al. devel-
oped a mathematical model to test
the hypothesis that folic acid forti-
fication of corn masa flour in the
United States would increase folic
acid intake in Hispanic women,
specifically Mexican American
women, without substantially in-
creasing folic acid intake in the rest
of the population.30 They used
NHANES data to calculate the
potential effects of fortifying corn

masa flour with folic acid in the
United States. In the population
they analyzed, non-Hispanic White
women of childbearing age (15---44
years) were more likely to report
consuming a supplement contain-
ing folic acid than were both
Mexican American women and
non-Hispanic Black women. More
than a quarter (28%) of women
of childbearing age (15––44 years)
reported consuming corn masa
flour on day 1 or day 2 of the
survey. More Mexican American
women (60%) reported consuming
corn masa flour compared to non-
Hispanic White women (23%) or
non-Hispanic Black women (27%),
confirming that corn masa flour
constituted a more significant part
of the daily diet for Mexican
American women in this study
population than for women of
other races/ethnicities.

The analysis found that corn
masa flour fortification in the
United States would increase the
intake of total usual daily folic acid
in Mexican American women of
childbearing age (15---44 years) by
approximately 20%, compared
with approximately 4% to 5% in
the other two groups. In this
model, Mexican American women
would have median usual daily
intakes much closer to those
reported by non-Hispanic White
women, despite the higher per-
centage of supplement use among
non-Hispanic White women. In
addition, an estimated 7% more
Mexican American women would
consume 400 micrograms of folic
acid per day. This analysis pre-
dicted that the median usual daily
folic acid intake for Mexican
American women in the United
States would still be below the
recommended intake of 400 mi-
crograms per day, but fewer
Mexican American women would
be below the daily recommended
intake. According to this model,

the fortification of corn masa flour
would successfully target Mexican
American women and would
likely decrease the incidence of
NTDs in this population.

In the past, the process of fortify-
ing corn masa flour presented some
unique challenges. During the pro-
duction of corn masa, dried corn is
cooked in hot water with lime (a
process called nixtamalization),
which affects the pH of the masa and
decreases the stability of added vita-
mins. Modern production techniques
add the premixed vitamins to dry
corn flour after milling, resulting in
consistent and significant levels of
folic acid in the finished product.31---33

SAFETY AND POSSIBLE
RISKS

Because food fortification is
a public health intervention that
affects a large number of people
who consume a particular food,
there is always concern about any
possible adverse effects. Multiple
sources of folic acid exist, includ-
ing supplements and enriched
foods, so it is possible to exceed
the tolerable upper intake level set
by the Institute of Medicine.9

Fewer than 3% of US adults ex-
ceeded the upper intake level for
folic acid (1000 lg for adults
aged ‡19 years) from 2003
through 2006, and almost all of
these adults consumed an average of
more than 400 micrograms of folic
acid per day from supplements.34

A number of possible adverse
effects of folic acid have been
hypothesized, including cancer
and tumor promotion, epigenetic
hypermethylation, interference
with antifolate treatment, miscar-
riages, and multiple births. Two
reviews of relevant human studies
in each of these areas concluded
that no available evidence sup-
ported the conclusion that folic
acid intake, either through fortified

foods or through supplements,
causes adverse effects.35,36 A meta-
analysis of eight large randomized
studies to examine the effect of
high-dose folic acid supplementa-
tion on preventing cardiovascular
disease found no harmful effects
from taking folic acid, including
no significant adverse effects on
vascular events, cancer incidence,
cancer mortality, and overall
mortality.37 One Australian study
found an association between
maternal supplemental folic acid
in late pregnancy and childhood
asthma, but this association is
unconfirmed, and no association
was found with supplementation
before pregnancy or in early
pregnancy.38

Another potential adverse ef-
fect of folic acid is the masking of
vitamin B12 deficiency, particu-
larly in the elderly. Megaloblastic
(abnormally large red blood cell)
anemia caused by vitamin B12
deficiency is clinically identical to
megaloblastic anemia caused by
folic acid, so diagnosis of vitamin
B12 deficiency may be delayed in
individuals with increased folic
acid intake. In addition, the neu-
rological complications of vitamin
B12 deficiency do not respond to
folic acid, so masking vitamin B12
megaloblastic anemia with folic
acid may result in a delayed di-
agnosis and treatment of B12
deficiency and its neurological
symptoms.39 One study has spe-
cifically addressed this concern in
the postfortification era.40 Folic
acid exposure has increased, but
there is no evidence of an increase
in low vitamin B12 levels without
anemia (i.e., masking of the neu-
rological consequences of vitamin
B12 deficiency).40

Considerations related to the risk
of cancer, particularly colorectal
cancer, merit further discussion.
Several recent studies examining
a possible relationship between
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colorectal cancer and folic acid
have received some attention.
One double-blind randomized
controlled trial found that high-
dose folic acid supplements
(1000 lg/d) with or without aspi-
rin did not reduce the risk of
colorectal adenomas in people
with a recent history of colorectal
adenomas, and there was some
evidence of increased risk of mul-
tiple adenomas and advanced le-
sions in the folic acid group.41

Another epidemiological study
revealed that there was a brief
increase in the incidence of diag-
nosed colorectal cancer from
1996 to 1999 associated with the
initiation of folic acid fortification
in the United States and Canada.42

However, the improvement in
colorectal cancer screening was
considered as a possible explana-
tion for this increase. On the other
hand, two randomized controlled
trials investigating whether folic
acid could prevent recurrence of
colorectal adenomas found no in-
crease in the incidence of these
tumors attributed to folic acid
supplementation.43,44 In summary,
at the time of this writing evidence
from human studies does not
show increased cancer risk related
to folic acid supplementation, but
continued research in this area is
certainly warranted.

NEXT STEPS TOWARD
FORTIFICATION IN THE
UNITED STATES

In the United States, the FDA
regulates food fortification with
micronutrients such as folic
acid.45---47 There are currently no
federal regulations to permit folic
acid fortification of corn masa
flour. In general, there are two
ways to proceed, both of which
require a petition to the FDA. One
approach is to develop a new stan-
dard of identity45 for ‘‘enriched’’

corn masa flour products (corn
masa flour and any food prod-
ucts made from it, such as tortillas)
that would require manufacturers
selling these products as ‘‘en-
riched’’ to fortify with them with
folic acid. These mandatory stan-
dards define a given food product
and any specific nutrients and
amounts required in the manu-
facture of the food.47 The second
way is to amend the current FDA
food additive regulation for folic
acid48 to permit a manufacturer to
voluntarily add folic acid to corn
masa flour products. Some issues
that will need to be addressed by
a petition in this regulatory review
process include establishing a
documented need, addressing
safety (showing reasonable cer-
tainty that fortification would re-
sult in no harm to the general
public), and food technology and
manufacturing issues (e.g., amount
to be added, manufacturing pro-
cesses, stability of the additive
during processing, and issues of
taste, color, or texture that result
from fortification).

CONCLUSIONS

Despite success in reducing
NTD rates in the United States
through folic acid fortification
of enriched cereal grains, racial/
ethnic disparities in the prevalence
of NTDs persist. Hispanic women
continue to have the highest rates
of this serious birth defect. Al-
though the precise reason for this
disparity is not well understood,
it is imperative to address this
serious public health issue as
we continue to investigate the
other nonfolate risk factors that
may contribute to the disparity.
Fortification of corn masa flour
with folic acid in the United
States presents an opportunity to
affect this specific population
significantly.

There are no population-based
data from other countries that
have successfully fortified corn
masa flour with folic acid to show
a direct correlation between corn
masa flour fortification and de-
creased NTD rates. However, we
do have concrete evidence that
fortification of enriched cereal
grains in the United States has
decreased NTD rates and im-
proved the blood folate status
among women of childbearing
age. Fortifying corn masa flour
and related corn products should
have the same effect on those
women whose diet is primarily
based on corn products, and
a theoretical model has shown that
folic acid consumption would be
increased among the target His-
panic population as a result of
corn masa flour fortification. Al-
though fortified corn masa flour
might cause a small increase in the
overall median usual folic acid
intake of the US population, the
model has shown that this ap-
proach will not significantly in-
crease intake in non-Hispanic
populations and can reduce the
disparity in intake between
Mexican American women and
non-Hispanic White women. In
addition, it is highly unlikely that
corn masa flour fortification
would cause more people in the
United States to exceed the rec-
ommended upper limit of daily
folic acid intake.

The process of fortifying corn
masa flour has been accomplished
safely in other countries, and there
is sufficient evidence to support
the proposition that the fortifica-
tion of corn masa flour with folic
acid in the United States can re-
duce the racial/ethnic disparity in
folic acid status and decrease the
incidence of NTDs in the Hispanic
population without adversely af-
fecting the health of the general
population. We call upon key

stakeholders, including health
care professionals, food industry
leaders, and consumer advo-
cacy groups, to work together to
help prevent this serious birth
defect. j
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