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INTRODUCTION
The relationship between nutrition and health or
chronic disease is well-documented. As a modifiable
risk factor, diet can either contribute to or reduce
the likelihood of developing chronic conditions such
as obesity, metabolic syndrome, cardiovascular
disease, type 2 diabetes, and hypertension.
Prevalence of these chronic conditions remains
extremely high in the United States (US), with 60% of
adults having one or more diet-related disease.  The
most recent National Health and Nutrition
Examination Survey (NHANES; August 2021 – August
2023) found that obesity prevalence in US adults
was 40.3%.  Over the same period, total diabetes
prevalence was 15.8%, which is an increase from 9.7%
in 1999-2000.  Nearly half (47.7%) of adults have
high blood pressure, with prevalence increasing with
age.  Additionally, heart disease remains the leading
cause of death in the US,  with estimated costs of
$252.2 billion over 2019-2020 from health care
services, medications, and lost productivity due 
to death.

Simultaneously, diet quality remains poor in the US,
with Americans’ most recent Healthy Eating Index-
2020 (HEI-2020) score being 56 out of 100.  HEI
values have remained relatively stagnant over the
past two decades, with scores ranging from 56 to 60
for Americans 2 years and older.  Fiber has been
identified as a specific nutrient of public health
concern for the entirety of the population, with folate
and iron of concern for specific age/population
subgroups (folate: people who are pregnant; iron:
people who are pregnant and infants aged 6-11
months fed primarily human milk). Based on
consistent associations for reduced risk of several
chronic diseases, the 2020-2025 Dietary Guidelines
for Americans (DGA) defined the core elements of a
healthy dietary pattern as vegetables, fruits, grains
(at least half of which are whole), low-fat or non-fat
dairy, and lean protein with limited intake of added
sugars, saturated fat, and sodium.  

REFINED GRAINS IN THE CONTEXT
OF DIETARY GUIDELINES AND
PUBLIC HEALTH 
Within discussions about healthy dietary patterns
and strategies to improve the health of the general
population, refined grains are often highlighted as a
specific Grains subgroup that is over-consumed, with
recommendations to limit or reduce intake. For
instance, the 2010 Dietary Guidelines Advisory
Committee (DGAC) Report stated “Americans eat
too many calories and too much […] refined grains”.
As part of their main findings to be used in
developing the 2010 DGA, the Committee
recommended that “at least half” of all refined grains
should be replaced with whole grains to help reduce
excessive calorie intake and the prevalence of
overweight and obesity. 

Similarly, the 2015 DGAC Report recommended that
“to improve dietary quality, the US population should
replace most refined grains with whole grains”.   In
line with previous DGACs, the 2020 DGAC Report
reiterated previous statements that “a shift toward a
higher proportion of total Grains as whole grains and
a reduction in refined grains is needed” and that
“detrimental health outcomes were associated with
dietary patterns characterized by higher intake of red
and processed meats, sugar-sweetened foods and
beverages, and refined grains”. 
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In their discussion of food pattern modeling results
and diet quality, the Committee stated that when
“nutrient-poor but energy-rich foods, such as
refined grains” contribute a larger proportion of
energy intake, this increases the risk of
overweight/obesity and associated chronic diseases.
Concerns about refined grain intake were again
raised repeatedly in 2025 DGAC meetings, with
members going so far as to suggest that
enriching/fortifying whole grains should be
considered by future DGACs as a strategy to reduce
refined grain intake without creating nutrient
deficiencies. Ultimately, the 2025 DGAC Report
recommends that when consuming grains,
“encourage mostly whole grains and lower 
refined grains”. 

Contrary to these concerns, enriched and fortified
grain products are a key source of micronutrients in
the US diet, such as folic acid, B vitamins, and iron, as
well as fiber. Additionally, the refined grains category
spans a wide variety of products, from “staple” grain
foods that are enriched and fortified, with limited to
no saturated fat or added sugar (e.g., bread, cereal,
pasta), to “indulgent” grain foods that tend to have
higher fat and sugar content (e.g., cakes and other
bakery products).   Observational studies typically
do not distinguish between these types of grain
foods, nor do the DGA. However, most refined grains
consumed by Americans are “staple” grain foods,
with less than one-quarter as “indulgent” (flour-
based desserts – 9.6% of the subgroup;
stuffing/breading – 5.0%; quick bread – 3.9%; biscuit
– 2.0%; pie/pastry crusts – 1.9%; and croissant –
0.6%).  Furthermore, refined grains are often
misclassified and/or grouped with other foods (such
as red and processed meat, sugar-sweetened foods
and beverages, fried foods, and high-fat dairy
products) as part of an “unhealthy” or “Western”
dietary pattern in epidemiological studies reporting
adverse associations between refined grain intake
and health outcomes. 

Most refined grains consumed by Americans are “staple” grain foods,
with only 16% considered as “indulgent”.

When analyzed individually, refined grain intake was
not associated with increased risk of all-cause
mortality, type 2 diabetes, cardiovascular disease,
coronary heart disease, stroke, hypertension, or
cancer.

The history of the enrichment and fortification of
refined grains demonstrates their essential role in
responding to public health concerns and filling vital
nutrient gaps. In addition to reducing the prevalence
of micronutrient deficiency diseases and
micronutrient related health risks, enriched and
fortified grain products have proven to be an
affordable and effective means of increasing the
intake of underconsumed nutrients and improving
diet quality. Reducing the consumption of enriched
and fortified refined grains could have negative
consequences for both micronutrient intake and
associated public health outcomes. 

ENRICHMENT OF REFINED FLOUR
IN RESPONSE TO B-VITAMIN
DEFICIENCIES EFFECTIVELY
ELIMINATED PELLAGRA, BERIBERI,
AND RIBOFLAVIN DEFICIENCY IN
THE GENERAL US POPULATION
 

Enrichment is defined as replenishing nutrients
naturally found in the food that were lost or reduced
during processing – often in amounts greater than
that originally found in the food. The enrichment of
refined grains with B vitamins and iron was proposed
due to relatively high rates of B vitamin deficiency
diseases in the early 1900s, including pellagra (niacin
deficiency), beriberi (thiamin deficiency), and
riboflavin deficiency disease. Pellagra was prevalent
throughout the US in the early 1900s, but most
severe in southern states. Mortality statistics suggest
pellagra was potentially the most severe nutrient
deficiency disease in US history. 
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Deaths from pellagra far outnumbered those due to
any other nutritional deficiency, and at its height in
1928 and 1929, pellagra was the 8th or 9th cause of
death (excluding accidents) in many southern 
states.  Additionally, concerns had been raised about
low thiamin intake among the civilian population and
unfavorable implications for the strength of the
country’s recruits in case of war. Given these factors,
the American Medical Association’s Council of Foods
and Nutrition issued a statement in 1939 encouraging
the “restorative” addition of vitamins or minerals to
foods if doing so would benefit public health.

Initially, bakers began voluntarily adding high-vitamin
yeasts or synthetic vitamins to their breads in the
late 1930s.  By the end of 1940, the term “enriched”
had been officially adopted by the Food and Drug
Administration (FDA). Many bakers and millers were
interested in improving the nutritional quality of their
products and the American Bakers Association
undertook campaigns to educate bakers about
enrichment technology. Marketing efforts appealing
to patriotism and promotional campaigns by both
government and industry were also helpful in
increasing consumer demand. In 1941, the Food and
Nutrition Board officially adopted a resolution
encouraging enrichment of flour and bread, adding
further support for the initiative. 

Several factors are taken into consideration when identifying an appropriate food for enrichment and/or
fortification:

Consumption - The food must be regularly consumed, throughout the year, by a large proportion of the
population at risk for deficiency.

1.

Stability and Sensory Properties - Stability of the nutrient to degradation from heat, moisture, light, etc. and
potential changes in the organoleptic properties of the food (e.g., taste, smell, texture, appearance, etc.).

2.

Production - The role of the food sector is key as buy-in from industry groups and large-scale centralized
facilities are vital to efficient production and distribution.

3.

Cost - Implementation costs for equipment and trained operators, purchase of vitamin mixes, establishment
of quality control and monitoring programs, marketing/promotional campaigns, etc. 

4.

Refined grain products presented an ideal candidate food for enrichment as they were widely consumed
throughout the country, their sensory qualities were not altered by the addition of nutrients, and the food
industry was a highly involved and cooperative partner throughout the process.

Box 1. Identifying an Appropriate Food for Enrichment and/or Fortification

Despite these efforts, the percentage of the nation’s
flour that was enriched had only risen to ~40% by the
beginning of 1942.   Limitations of scale made it
unfeasible for smaller producers without large mills to
produce enriched flour in the absence of greater
consumer demand. In response to appeals from
nutritionists and growing awareness that the health of
their recruits depended on that of the civilian
population, the US Army decided they would
purchase only enriched flour, which helped to create
additional demand. However, nutritionists continued
to worry that low-income populations already at
greatest risk of deficiency and in most need of
enriched products would continue to buy less
expensive, unfortified products. Several states passed
legislation mandating exclusive production of
enriched flour and bread in the 1940s, but
inconsistencies persisted with the lack of federal
guidance. 

Eventually, in 1943, the War Foods Administration
issued a War Foods Order requiring the enrichment of
all bread and flour, effectively making enrichment
mandatory across the country. After World War II,
rather than mandate enrichment, the FDA created
two different standards of identity for “flour” and
“enriched flour”. 
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According to the standard of identity, enriched flour
contains 2.9 mg of thiamin, 1.8 mg of riboflavin, 24 mg
of niacin, and 20 mg of iron per pound.    While
unenriched flour is not prohibited given these
standards, refined grain products sold today are
almost exclusively enriched, ranging from pasta to
bread to ready-to-eat cereal.

From a public health perspective, the enrichment of
refined grains with B vitamins served to effectively
eliminate pellagra, beriberi, and riboflavin deficiency
disease among the general US population. Pellagra-
attributed mortality declined significantly in the
1940s and 1950s compared to peak levels in the late
1920s, with it being virtually eradicated in the US by
1960. Analyses of pellagra-attributed morbidity and
mortality trends have concluded that cereal grain
enrichment played a significant role in its eradication.
 
Pellagra is now only occasionally seen in the US,
usually in association with alcohol misuse, where
dietary intake and absorption are severely limited.
Similarly, beriberi is now considered extremely rare in
the US;   however, it can still occur in individuals with
compromised nutritional status, including: alcohol
misuse, individuals with genetic conditions that limit
nutrient absorption, individuals with severe eating
disorders, post-bariatric surgery (due to reduced
nutrient absorption), individuals with diabetes
(potentially due to increased clearance by the
kidneys), and during pregnancy with hyperemesis. 

Riboflavin deficiency disease is also now extremely
rare in the US,   though specific populations remain at
risk due to limited absorption and/or intake, including
individuals with alcohol misuse, women taking birth
control pills, vegans, pregnant and lactating
individuals, and individuals with rare genetic
conditions (i.e., riboflavin transporter deficiency).
Overall, clinically diagnosed vitamin deficiencies and
disorders are now rare in representative samples of
the US population.

FOLIC ACID FORTIFICATION OF
REFINED GRAIN PRODUCTS
SIGNIFICANTLY DECREASED THE
RATE OF NEURAL TUBE DEFECTS IN
THE UNITED STATES 

Whereas enrichment involves replenishing nutrients
lost during processing, fortification is the addition of
nutrients not naturally found in a food in order to
meet a specific health need.   The fortification of
refined grains with folic acid arose in response to a
growing understanding of the etiology and
prevalence of neural tube defects (NTDs) – severe
and debilitating birth defects of the brain and spine
that include both spina bifida and anencephaly – in
the 1980s and 1990s.
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Although a relationship between folate and NTDs had
been suggested as early as 1965,   randomized
controlled trials (RCTs) conducted in the early 1990s
established the role of folic acid in preventing both
the initial occurrence and recurrence of NTDs in at-
risk women. A study by the British Medical Research
Council first demonstrated that 4,000 micrograms
(µg) of folic acid per day reduced NTD recurrence by
72% in women with a previously affected pregnancy,
whereas the mixture of other vitamins tested
(vitamins A, D, B1, B2, B6, C, and nicotinamide) had no
protective effect.   A subsequent RCT demonstrated
that prenatal supplementation with 800 µg/d of folic
acid entirely prevented the occurrence of NTDs in the
study population. 

Based on these and similar findings, the Centers for
Disease Control and Prevention recommended that
women with a history of NTD-affected pregnancies
should consume 4,000 µg/d of folic acid when
planning a pregnancy. In 1992, the U.S. Public Health
Service recommended that all women of childbearing
age consume 400 µg/d of folic acid through
fortification, supplementation, and diet to prevent
NTDs. The Institute of Medicine issued a similar
recommendation in 1998 for all women capable of
becoming pregnant.

However, encouraging folate intake via a folic acid
supplement has limited utility and effectiveness. A
large percentage of pregnancies (~42% in 2019)   are
unplanned and neural tube closure occurs relatively
early in fetal development (~28 days after
conception).   Therefore, the critical period for folic
acid supplementation starts at least 1 month prior to
conception and continues through the first 2 to 3
months of pregnancy due to increased folate needs.
Unfortunately, educational campaigns and
recommendations for folic acid supplementation
have not been shown to increase folic acid
supplement use or improve NTD trends. 

Given the challenges associated with folic acid supplementation,
fortification of enriched grain products – a popular, commonly consumed
food – was identified as a solution to increase folic acid intake. 

Given the challenges associated with folic acid
supplementation, fortification of enriched grain
products – a popular, commonly consumed food –
was identified as a solution to increase folic acid
intake. In 1996, the FDA amended the standard of
identity for enriched grain products to include folic
acid, with mandatory folic acid fortification of
enriched cereal grain products fully implemented in
1998. Industry manufacturers now fortify cereal grain
products labeled as “enriched” with 140 µg of folic
acid per 100 grams of flour. This amount of
fortification was estimated to provide an additional
~100 µg of folic acid per day.   Analysis of NHANES
dietary records following fortification (2001-2002)
found an average increase of 128 µg/d of folic acid
intake from fortified foods among women of
reproductive age,   confirming the effectiveness of
the fortification program for the general population. 

Box 2. Dietary Folate Equivalents and
Folate Bioavailability

Dietary folate equivalents (DFE) were developed by
the Food and Nutrition Board to account for the
higher bioavailability of folic acid compared to
folate naturally occurring in foods. For folic acid, at
least 85% is estimated to be bioavailable when
consumed with food, while only ~50% of folate
naturally found in food is bioavailable. Based on
this, DFEs are defined as:

1 µg DFE = 1 µg food folate

1 µg DFE = 0.6 µg folic acid from fortified foods
or dietary supplements consumed with foods

1 µg DFE = 0.5 µg folic acid from dietary
supplements taken on an empty stomach
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The introduction of mandatory folic acid fortification
of refined grain products produced clear public
health benefit with a reduction in the incidence of
NTDs in the general population. Various studies have
reported decreases of 19–32% in NTD prevalence
since the fortification program was implemented in
1998,       with the largest declines occurring shortly
after implementation. For instance, the prevalence of
spina bifida was found to decrease by 31% from the
pre-fortification period (1995-1996) to the mandatory
fortification period (1998-1999) and the prevalence of
anencephaly decreased 16% over the same time
period.   The prevalence of anencephaly continued to
significantly decrease over time (20% reduction from
1999-2000 to 2003-2004) while the decline in spina
bifida remained stable.

More recent analyses indicate the decline in NTD
birth prevalence during the initial post-fortification
period has remained relatively stable, with an overall
28% reduction in prevalence. Annually, this is
approximately 1,326 births that would otherwise have
been affected by NTDs.   This translates to annual
savings in total direct costs of approximately $508
million from the NTD-affected births that were
prevented. In addition to the reduction in NTD
prevalence, the effectiveness of folic acid fortification
can be measured by blood folate concentrations,
which serve as a marker for NTD risk. Since
mandatory fortification, the prevalence of low serum
and red blood cell (RBC) folate (<10 nmol/L and <340
nmol/L, respectively) decreased from 24% and 3.5%
respectively to ≤1% in the post-fortification period
measured (1999-2010).

Remaining challenges and
opportunities for further public
health improvement
 
Although blood folate concentrations have increased
in the general population, folate remains a nutrient of
public health concern for women of childbearing age
due to greater needs during pregnancy and lactation,
and many women of childbearing age still do not
consume the recommended 400 µg/d.   The most
recent analyses of usual intake from What We Eat in
America (NHANES 2017-March 2020 Prepandemic)
indicate that among the entire population (1+ years),
approximately 16% remain below the estimated
average requirement (EAR) for folate. This
percentage is even greater among at-risk
populations (including females 14 – 50 years old),
where 24-34% have inadequate intakes. This is also
true among females 51 years and older, with 30%
below the EAR.   Analyses of the blood folate status
of women of child-bearing age (n = 3,861) have also
shown that nearly a quarter (22.8%) had
“suboptimal” RBC folate concentrations associated
with higher NTD prevalence. 

Differences were also found according to
race/ethnicity, with significantly lower RBC folate
concentrations in both Hispanic women and 
non-Hispanic Black women compared to non-
Hispanic white women.   While lower blood folate 
and lower daily folic acid intake has consistently
been reported in non-Hispanic Black women,   this
does not appear to translate to a higher risk of NTD-
affected pregnancies.    This contradiction has
potentially been attributed to a lack of genetic
susceptibility   and/or lower folate requirements due
to high vitamin B12 concentrations that allow for
more efficient folate use.  

Conversely, while NTDs have declined in all
race/ethnicity groups in the period post-fortification,
Hispanic women continue to have a higher
prevalence of NTDs, along with lower folic acid intake
and lower blood folate concentrations,    compared
to other race/ethnicity groups. 
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With regard to folic acid intake, Mexican Americans
consistently report lower total folic acid intake
compared to individuals who are white.   Additionally,
fewer Hispanic women (17%) report consuming the
recommended 400 µg of folic acid/d from both diet
and supplements compared to non-Hispanic white
women (30%).    This is particularly true for Mexican
American women with lower acculturation factors
(e.g., women who report speaking primarily 
Spanish).   In terms of NTD prevalence, the rate of
NTDs in the Hispanic population is approximately 
7 NTDs per 10,000 live births compared to 4 and 5
per 10,000 live births for non-Hispanic Black and
non-Hispanic white women, respectively. 

Differences in average daily folic acid intake may
have a variety of explanations. For instance, lower
folic acid supplement use by Mexican American
women (21%) compared to non-Hispanic white
women (37%)    may explain a portion of the
differences in intake. Additionally, a genetic
polymorphism (methylenetetrahydrofolate
reductase [MTHFR] 677CàT) that reduces enzyme
activity and is associated with lower blood folate
concentrations    is more common in the Hispanic
population and may increase susceptibility for folate
deficiency.    Cultural differences in the intake of
enriched and fortified white flour products in the
Hispanic population are also likely responsible.  

Folic acid fortification of corn masa flour (up to 140
µg per 100 g) was identified as a targeted strategy
to increase folic acid intake and blood folate
concentrations in the Hispanic population as this is a
frequently consumed ingredient in Latin American
foodways. As a result of a public-private partnership
between manufacturers, scientists, and members of
the affected population, voluntary fortification of
corn masa flour was approved by the FDA in 2016. 
In modeling analyses, fortification of corn masa flour
was predicted to increase the usual daily folic acid
intakes of Mexican Americans by 19.9%, bringing
them much closer to that reported by non-Hispanic
white women.

From a public health perspective, it was estimated
that corn masa flour fortification could prevent 30
Hispanic infants from having spina bifida and 10
infants from having anencephaly annually.    This
would represent a decrease in prevalence of 6% and
4%, respectively. However, since the voluntary
fortification program was implemented in 2017, no
significant effect on folate status has been identified.
Earlier analyses indicated an increase in RBC folate
concentrations in lesser acculturated groups who rely
primarily on fortified foods for folic acid (i.e., non-
supplement users), though there was no increase in
RBC folate in Hispanic women of reproductive age as
a whole.    Updated analyses have confirmed these
initial findings. Comparing pre-fortification (2011–
2016) to post-fortification (2017–March 2020), there
was no difference in modeled usual intakes of folic
acid nor a change in the proportion of Hispanic
women of reproductive age with usual intakes below
400 µg/d (86.1% vs 87.8%).    The proportion with RBC
folate below optimal concentrations (<748 nmol/L)
also did not change over this timeframe (16% vs 18.1%).
This may be due in part to the voluntary nature of the
fortification program and limited availability of
fortified corn masa flour products,        which has
limited the program’s potential impact. 

Lack of awareness in the Hispanic population about
fortification, the role of folic acid in preventing NTDs,
and the importance of choosing fortified products is
also likely a contributing factor.    For instance,
although awareness of folic acid increased from 2000
to 2005, Hispanic respondents consistently reported
lower awareness of folic acid compared to non-
Hispanic individuals.    This indicates the need for
additional, targeted consumer education initiatives to
improve public health outcomes for this population
as well as consideration of a mandatory fortification
program for corn masa flour.  
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THE ESSENTIAL ROLE OF
ENRICHED AND FORTIFIED
GRAIN PRODUCTS IN IMPROVING
MICRONUTRIENT INTAKES AND
DIET QUALITY IN THE US 
 

In addition to their public health benefits, enriched
and fortified refined grain products also play a key
role in improving diet quality and micronutrient
status of the US population. Using dietary intake
data from NHANES 2003-2006 (n = 16,110), Fulgoni
et al. evaluated the relative contribution of
micronutrients naturally occurring in foods and
micronutrients from enriched and/or fortified
products.   In this analysis, the percentage of the
population below the EAR for thiamin, riboflavin,
niacin, iron, and folate (as well as many other
nutrients) decreased substantially when accounting
for nutrients from enriched/fortified foods compared
to naturally occurring sources only (thiamin: % <EAR
decreased from 51% to 6%; riboflavin: % <EAR
decreased from 9% to 2%; niacin: % <EAR decreased
from 11% to 2%; iron: % <EAR decreased from 22% to
7%; and folate: % <EAR decreased from 88% to 11%). 

Enriched/fortified foods also provided a substantial
amount of the daily intake for each of these
micronutrients (thiamin: 45%; riboflavin: 25%; niacin:
28%; iron: 38%; and folate: 50%). These findings
effectively demonstrated the essential role of
enriched/fortified products in meeting
recommendations for thiamin, riboflavin, niacin, iron,
and folate in individuals 2 years and older and was
supported by an updated analysis of dietary intake
from NHANES 2009-2012 (n = 16,975).    This analysis
similarly found that the contribution of
enriched/fortified foods substantially reduced the
percentage of the general population (2 years and
older) with usual intakes below the EAR compared to
naturally occurring sources of micronutrients only
(thiamin: % <EAR decreased from 41% to 5%;
riboflavin: % <EAR decreased from 13% to 3%; 
niacin: % <EAR decreased from 9% to 1%; 
iron: % <EAR decreased from 14% to 2%; 
and folate: % <EAR decreased from 81% to 8%).  
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Enriched/fortified foods are also major contributors to
micronutrient intake in children and adolescents.
In a population of over 7,000 US children and
adolescents (2-18 years of age), a high percentage
had inadequate intakes of multiple micronutrients
when considering only intrinsic (i.e., naturally
occurring) food sources of these nutrients,
particularly older girls. For instance, among all age/sex
groups, when considering only intrinsic sources, the
percentage below the EAR for folate ranged from 58%
(children 2-8 years) to 99.7% (females 14-18 years).
Among females 14-18 years, when considering only
intrinsic sources, approximately 86% had inadequate
intake (<EAR) of thiamin, 23% were below the EAR for
riboflavin, 35% were below the EAR for niacin, and 52%
were below the EAR for iron. Particularly among this
age/sex group, thiamin, riboflavin, and niacin would
also be considered “shortfall nutrients” without the
contribution of enriched/fortified foods. Additionally,
ready-to-eat cereal and yeast breads/rolls, both of
which are enriched/fortified foods, were among the
top food sources for folate, thiamin, niacin, riboflavin,
and iron among this entire age group (2-18 years). 

In addition to these micronutrients, enriched and
fortified refined grain foods are also a primary source
of fiber, an underconsumed nutrient of public health
concern, and other shortfall nutrients in the US diet.
For instance, among adults 19 years and older
(NHANES 2009-2012; n = 10,697), the grains category
as a whole provided 23% of dietary fiber, 34% of
folate, 30% of iron, 13% of calcium, 14% of magnesium
and minimal amounts of nutrients to limit (calories,
sodium, saturated fat) in the daily diet.

9

59

60

61

62



This is also true of specific grain subcategories,
such as breads, rolls, and tortillas and ready-to-eat
cereals. Conversely, sweet bakery products (i.e.,
cakes, cookies, pies, etc.) provided meaningful
amounts of nutrients to limit (i.e., calories, saturated
fat, and total sugar) with a smaller contribution of
nutrients to encourage. This difference emphasizes
the importance of distinguishing between staple
grain foods that are nutrient-dense and indulgent
grain foods that should be consumed in moderation.  

Grain foods also contribute to the nutrient density of
the diet of older adults (51 years and older).    Among
the 15 main food groups analyzed (NHANES 2011-
2014; n = 4,522), grains were the highest contributor
of dietary fiber (providing 23%), iron (38%), and folate
(40%) while providing 14% of energy and only 5% of
saturated fat, 14% of sodium, and 9% of added sugar
in the daily diet. Although both studies considered
total grains rather than analyzing whole and refined
grains separately, the majority of total grains
consumed by Americans are enriched/fortified
refined grains.   In total, grain-based foods
contributed 54.5% of all dietary fiber (NHANES 2003-
2010),    which has consistently been identified as a
nutrient of public concern in multiple iterations of the
DGA. Within this, approximately 72% came from
refined grains, with ~39% of total dietary fiber being
provided by refined grains. Comparatively, all whole-
grain-containing foods contributed only 15.3% of total
dietary fiber. Thus, enriched and fortified refined
grain foods are not lacking in nutrient density and
provide meaningful contributions of dietary fiber and
other shortfall nutrients in the US diet. 

In addition to being a key contributor to shortfall
nutrients of public health concern, grain food
consumption is also associated with improved diet
quality across all life stages. 

When considering different grain food consumption
patterns (based on calories consumed from different
types of grain food products), children and
adolescents (2-18 years) in the “pasta, cooked
cereals, and rice”, “yeast breads and rolls”, “cereals”,
and “crackers and salty snacks” grain food patterns
had significantly higher diet quality (as measured by
the HEI-2010) compared to those with no
consumption of grains (50.6 ± 1.0, 46.1 ± 0.5, 48.5 ± 1.2,
and 46.0 ± 0.4, respectively compared to 42.7 ± 0.9 in
the no grains group; p < 0.05).    A similar relationship
between grain food consumption and diet quality
was also found in adults (19 years and older).    Those
consuming “cereals”, “pasta, cooked cereals, and
rice”, and “mixed grains” had significantly higher HEI-
2010 scores (54.7 ± 1.0, 54.4 ± 0.6, and 49.5 ± 0.3,
respectively) than those consuming no grain foods
(46.8 ± 0.9; p < 0.05). 

However, it is important to consider the type of grain
food consumed. For instance, children/adolescents in
the “cakes, cookies, and pies” pattern consumed
significantly more calories from solid fats and added
sugars compared to the no grains group. Similarly,
when considering the different types of grain foods,
adults in the “cakes, cookies, and pies” cluster
consumed a greater number of calories from solid
fats and added sugars. Individuals in this cluster also
had a lower HEI-2010 score (45.1 ± 0.65), although
this did not reach statistical significance compared
to the no grain consumption group (p = 0.08). This
further indicates differences between staple grain
foods and indulgent grain foods but also illustrates
that many grain foods consumption patterns are
associated with higher diet quality. 

Enriched and fortified grain foods provide meaningful contributions
of dietary fiber and other shortfall nutrients in the US diet.
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IMPLICATIONS OF REDUCING
ENRICHED AND FORTIFIED GRAIN
INTAKE – MICRONUTRIENTS, DIET
QUALITY, AND ACCESSIBILITY

As they are a staple, nutrient-dense food in the US
diet, a reduction in enriched and fortified refined grain
consumption could result in multiple negative
consequences. For example, modeling analyses of
dietary intake data from NHANES 2009-2016 found
that removal of specific enriched/fortified refined
grain foods (i.e., bread, ready-to-eat cereals, and all-
grained foods) would exacerbate nutrient
inadequacies and result in a larger percentage of
Americans not meeting recommendations for multiple
shortfall nutrients, including dietary fiber, folate, 
and iron.

At the time of this analysis, only 3.8% of adults (19-50
years old; total population n = 11,169) were above the
adequate intake (AI) for dietary fiber based on
current intakes. When just 25% of all enriched and
fortified grain products were removed, this fell to only
2.6% of the population, with even greater reductions
when 50% and 100% of grain products were removed
from modeled diets. Similarly, removal of 25% of all
enriched and fortified grain products increased the
percentage of the population below the EAR for both
folate and iron (from 11.0% to 14.6% and from 8.4% to
10.4%, respectively). The removal of 25% of all
enriched and fortified grain products from the diet
had similarly negative effects on other nutrients of
public health concern, including calcium, potassium,
vitamin D, and other shortfall nutrients, such as
magnesium. Although this was a modeling analysis
based on observational data and only considered
removal of refined grains from the diet (as opposed 
to their replacement with another food group), it
illustrates the nutritional value and importance of
enriched and fortified refined grain foods as part of 
an American diet. Other analyses of low carbohydrate
diets also found a lower mean intake of folic acid
among women with restricted carbohydrate intake
and a slightly higher risk of NTDs (adjusted odds ratio 
= 1.30, 95% CI: 1.02, 1.67). 
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This is also demonstrated by the modeling studies
done by multiple DGACs. For instance, the 2025 DGAC
concluded that inadequate intake of carbohydrate-
containing foods leads to nutrient deficiencies
(including thiamin, riboflavin, niacin, folate, and fiber),
which supports the inclusion of refined grains in the
diet due to their nutrient contribution. Similarly, the
2025 DGAC did not recommend interchangeability for
the Grains food group and Starchy Vegetables
subgroup, Starchy Red and Orange Vegetables
subgroup, and Beans, Peas, and Lentils subgroup or
low-carbohydrate eating patterns due to concerns
about nutrient shortfalls.  

Healthy equity and inclusivity of cultural practices and
preferences are primary themes throughout the 2025
DGAC Scientific Report, yet a reduction of
enriched/fortified refined grain intake is contradictory
to this message. For instance, white rice and corn or
wheat tortillas are staples of modern Asian and
Hispanic cultural foodways, respectively. The USDA
Economic Research Service’s report “The US Grain
Consumption Landscape” confirmed an overall national
preference for refined grains, but with variations among
race and ethnicity.   This report, which analyzed data
from the USDA’s Continuing Survey of Food Intakes by
Individuals (CSFII) conducted in 1995-96 and 1998,
found that Asian American individuals averaged the
lowest whole grain intake at 22% of the recommended
amount, compared to 25%, 36%, and 41% for Black,
white, and Hispanic individuals, respectively. Similarly,
Asian American individuals consumed the highest
amount of refined grains, at 7.11 ounces per day,
compared to 5.66 oz/d, 5.39 oz/d, and 5.17 oz/d for
white, Black, and Hispanic individuals, respectively. Data
from the Multiethnic Cohort (MEC), a cross-sectional
study of five different ethnic groups in Hawaii and Los
Angeles, CA conducted from 1993 to 1996 (n = 186,916),
also showed that refined grain foods were the highest
contributor to total grain intake for all ethnic-sex
groups, except African American women.    In particular,
Japanese American men had the highest refined grain
intake compared to all other ethnic-sex groups. White
rice was the most commonly consumed type of refined
grain food among all ethnic groups except for Latinos,
who primarily consumed corn tortillas/bread.  
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In more recent analyses of What We Eat in America
(WWEIA), the highest intakes of refined grains are
reported by Hispanic and non-Hispanic Asian
individuals (2 years and older; 5.81 oz-eq and 6.75 oz-
eq, respectively from NHANES 2015-2016).   However,
non-Hispanic Asian individuals also have the highest
whole grain intake at 1.21 oz-eq, with the next highest
being in non-Hispanic white individuals at 0.98 oz-eq.
A similar pattern is shown by WWEIA data from
NHANES 2017 – March 2020 Prepandemic,    with
refined grain intake remaining highest in non-Hispanic
Asian and Hispanic individuals, at 5.99 oz-eq and 6.73
oz-eq, respectively. In the 2025 DGAC’s Food Pattern
Modeling report,   refined grains are the largest
contributor to the Total Grains food group in Hispanic
individuals (ages 1 year and older) at 88.9% of the
food group while refined grain intake makes up the
smallest proportion of total Grains for non-Hispanic
Asian individuals at 79.7%. However, white rice intake
is highest among non-Hispanic Asian individuals (at
31.2% of the subgroup and 24.9% of total grains
intake) and brown rice represents a smaller
proportion of their grain intake (12.3% of whole grain
intake and 2.5% of total grain intake). 

Corn tortillas and wheat flour tortillas are the main
food sources of refined grains for Hispanic individuals,
at 18.6% and 19.9% of the subgroup. While this pattern
of higher refined grain intake may in part reflect a
level of acculturation, both Hispanic and non-Hispanic
Asian individuals have higher HEI scores than non-
Hispanic white and non-Hispanic Black individuals. 

In the 2020 DGA,  non-Hispanic Asian individuals and
Hispanic individuals scored 65.4 and 63.9 on the HEI-
2015 compared to scores of 59.0 and 55.6 for non-
Hispanic white and non-Hispanic Black individuals,
respectively. Similarly, in the 2025 DGAC Report, non-
Hispanic Asian adults have a HEI-2020 score of 64,
which is meaningfully higher than the total
population’s score of 56 and higher than all other
race/ethnicity groups. Therefore, a recommendation
to further reduce enriched/fortified refined grain
consumption would potentially be culturally
insensitive for population subgroups that currently
have better diet quality than the average American,
even with higher rates of refined grain intake. 

Additionally, there are socio-economic
considerations to recommending a reduction in
refined grain intake. Food cost is a primary
determinant of how and what people eat, and healthy
dietary patterns tend to be more expensive.
Socioeconomic status (SES) and its contributing
factors (e.g., occupation, education, and income
levels) have repeatedly been shown to be related to
diet quality.    Specifically, whole grains are more likely
to be consumed by groups with higher SES and the
consumption of refined grains is often associated
with lower SES. This is likely due to many factors,
including refined grain products being the lower cost
option and differences in nutritional knowledge. 
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Globally, it is estimated that more than 4 billion
people do not consume enough iron (65% of the
global population), riboflavin (55%), or folate (54%)
from food sources (excluding fortification and
dietary supplements).    While not accounting for
fortified foods and supplements may slightly
overestimate inadequate intakes, fortification of
foods with these nutrients is relatively uncommon
and/or limited in scope globally, particularly in South
Asia where these nutrient inadequacies are most
prevalent.    Modeling analyses based on biomarker
data estimated similarly high global prevalence of
deficiencies in core micronutrients (iron, zinc, and
vitamin A for children and iron, zinc, and folate for
women), equating to 372 million preschool-aged
children and 1.2 billion non-pregnant women of
reproductive age with at least one micronutrient
deficiency.   In this analysis, iron and folate
deficiency were highly prevalent among non-
pregnant women of reproductive age in most
countries and iron deficiency among preschool-
aged children was 20% or higher in datasets from 
13 of 22 countries (with limited data availability 
for folate).  

Thiamin deficiency and thiamin deficiency diseases
also remain common in many regions worldwide,
including Southeast Asia, South Asia, and West
Africa.   Pellagra also still occurs in many African
countries, India, and parts of China.   Riboflavin
deficiency primarily occurs in developing countries
such as Africa and Asia (e.g., India and Cambodia),
with rates as high as 92% in rural areas of Cambodia.
However, subclinical riboflavin deficiencies have also
been reported in Western countries, with 41% of men
and 31% of women having inadequate intakes. 

Overall, large-scale food
fortification is a safe, economical,
and effective method to improve
diet quality and the nutritional
status of populations.
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This pattern of diet quality and grain consumption
according to SES continues to hold true in the most
recent population data, with the 2025 DGAC reporting
that HEI-2020 scores ranged from 53 among adult
men with a poverty to income ratio (PIR) ≤ 1.85 to 60
among adult women with a PIR ≥ 1.85.

Similarly, the most recent WWEIA data (NHANES 2017
– March 2020 Prepandemic)    shows higher refined
grain intake in individuals (2 years and over) with
family income under 131% of poverty level (5.97 oz-eq)
compared to those at both 131-350% of poverty level
and over 350% of poverty level (5.73 oz-eq and 5.50
oz-eq, respectively). In addition to population level
dietary intake surveys (i.e., NHANES), an analysis of
household purchasing data also found that lower
income households with children purchased a
significantly higher proportion of products with
refined grain ingredients.   In contrast, the highest
income group purchased a significantly lower
proportion of products with refined grain ingredients
(28.6%) compared to the lowest income group
(33.4%) and the middle-income group (32.0%) 
(p < 0.0001). Other analyses have found household
income to be only indirectly related to grain
consumption, via use of nutrition labels, which are
more likely to be read during shopping as household
income rises.  
 

In terms of shortfall nutrients, grains have been shown
to be the least expensive source of iron for both
children and adults,   further demonstrating that
enrichment/fortification helps provide accessible,
affordable sources of shortfall nutrients. Overall, 
large-scale food fortification is a safe, economical,
and effective method    to improve diet quality and
the nutritional status of populations,   and a reduction
in the intake of enriched/fortified refined grain
products has the potential to disproportionately harm
at-risk populations who already have lower diet
quality and higher risk for many diet-related chronic
diseases.  

While they are rare in the US, micronutrient
deficiencies and associated diseases remain
prevalent in many other countries, many of which
do not have mandatory enrichment and 
fortification programs. 

8

75

76

69

77

   78

79

80

81

80

83

17

84

85

86

87



The prevalence of NTDs is also disproportionately
high in developing countries and/or regions that do
not have standardized folate fortification programs.
While the estimated global NTD prevalence is ~20
cases per 10,000 births, which translates to
approximately 214,000 – 322,000 affected
pregnancies annually worldwide,    this is driven
largely by prevalence rates in regions such as
Southern Asia (31.96), East Asia (19.44), North Africa
and Western Asia (17.45), and Sub-Saharan Africa
(15.27), whereas rates in Europe (8.63) and Latin
American and the Caribbean regions with folic acid
fortification (7.78) are much lower.

Systematic reviews analyzing the regional prevalence
of NTDs have also found lower rates in areas with
mandatory fortification programs. For instance, in a
meta-analysis of studies in English and French
published between 1985 and 2010 (n = 123 studies),
the prevalence of spina bifida in all pregnancy
outcomes (including live births, stillbirths, and
terminations) was lower when there was mandatory
folate fortification (3.5 cases per 10,000 births)
compared to when folate fortification was voluntary
or absent (5.2 cases per 10,000 births).    A more
recent systematic review reinforced this finding, with
mean NTD prevalence rates per 10,000 births of 4.19
(95% CI: 4.11 – 4.28), 7.61 (7.47 – 7.75), and 9.66 (9.52
– 9.81) in countries with mandatory, voluntary, and no
folic acid fortification.

CONCLUSION – THE NEED FOR
NUANCE WHEN RECOMMENDING
ENRICHED AND FORTIFIED
STAPLE REFINED GRAINS 

The enrichment and fortification of refined grain
products in the US occurred in response to a clear
public health need and resulted in numerous
beneficial outcomes. This includes improvements in
micronutrient intake (e.g., folate, B vitamins, and iron)
and associated diet quality, the near elimination of B
vitamin deficiency diseases in the US, and significant
reductions in the prevalence of NTDs. 

Moreover, enriched and fortified refined grain foods
have become a primary source of underconsumed 
dietary fiber. A reduction in refined grain consumption
could potentially pose greater harm by reducing the
intake of folate, thiamin, niacin, riboflavin, and iron
below the EAR for large percentages of the US
population – in addition to exacerbating already low
intakes of dietary fiber, worsening diet quality, and
reversing public health successes, such as increasing
the rate of NTDs and associated medical costs.  

Additionally, a key consideration voiced by the 2025
DGAC in the development and implementation of the
DGA is the theme of “meeting people where they are”
– in that small, iterative changes are more likely to be
implemented and improve public health than
recommendations that require individuals to make
drastic changes to their diet. Recommendations to
further reduce the intake of enriched and fortified
refined grains are contrary to this message. Refined
grains are an ideal carrier for micronutrients, in part,
because they are a staple food in the American diet
and are foundational to the foodways of many cultural
groups prevalent in the US. Even if the enrichment or
fortification of whole grains was technologically
feasible, the quantity and frequency of consumption
by most of the US population is insufficient to have
the same reach as enriched and fortified refined
grains. Refined grains can also serve as a vehicle for
underconsumed food groups, such as vegetables,
thereby further improving diet quality.  
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Empowering Americans with a clearer understanding of
refined grains is crucial. By distinguishing between
nutrient-dense staple grain foods and indulgent
options, dietary guidance can better support healthy
choices. Many enriched and fortified grain foods
consumed by Americans are positive contributors to
the American diet. Emphasizing the benefits of regularly
incorporating enriched and fortified staple grains, while
enjoying indulgent grains in moderation, can support
improved diet quality and overall well-being.
Recognizing the different contributions of staple and
indulgent grain foods in the American diet would
provide greater precision in assessing diet quality,
improving public health outcomes, and potentially
increasing dietary guidance adherence. 

While the public health benefits of enriching and
fortifying refined grains are clear, there are also
opportunities for improvement. 

15

Folate remains a nutrient of public health concern for
women of childbearing age, with serum folate
concentrations at “suboptimal” levels in ~25% of this
population. This is particularly concerning for
Hispanic populations, which continue to experience
disproportionate rates of NTDs, potentially due to
lower intakes of enriched/fortified grain foods and
the limited reach of voluntary fortification programs
for corn masa flour. In addition, fiber remains a
nutrient of public health concern for the general
population and diet quality (i.e., HEI scores), despite
small improvements since 2005, has remained
relatively stagnant over the past ~20 years.   The
opportunity exists – for both food manufacturers
and policy makers – to continue to investigate how
enrichment and fortification could address ongoing
issues like these.  Further, remembering the public
health successes that enrichment in the 1940s and
fortification in the 1990s brought illuminates the
essential nature of refined enriched and fortified
foods in the American diet.

2



History and Public Health Benefits of Enrichment and Fortification of Refined Grains
© 2025 Grain Foods Research Institute. Questions? Contact us at info@grainfoodsresearch.org 16

REFERENCES

1. Neuhouser ML. The importance of healthy dietary patterns in chronic disease prevention. Nutrition Research. 2019;70:3-6. doi:
10.1016/j.nutres.2018.06.002.

2. U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020-2025.
9th Edition. December 2020. https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-
2020-2025.pdf.

3. Emmerich SD, Fryar CD, Stierman B, Ogden CL. Obesity and severe obesity prevalence in adults: United States, August 2021–August
2023. NCHS Data Brief, no 508. Hyattsville, MD: National Center for Health Statistics. 2024. DOI: https://dx.doi.org/10.15620/cdc/159281.

4. Gwira JA, Fryar CD, Gu Q. Prevalence of total, diagnosed, and undiagnosed diabetes in adults: United States, August 2021–August
2023. NCHS Data Brief, no 516. Hyattsville, MD: National Center for Health Statistics. 2024. DOI: https://dx.doi.org/10.15620/cdc/165794.

5. Fryar CD, Kit B, Carroll MD, Afful J. Hypertension prevalence, awareness, treatment, and control among adults age 18 and older: United
States, August 2021–August 2023. NCHS Data Brief, no 511. Hyattsville, MD: National Center for Health Statistics. 2024. DOI:
https://dx.doi.org/10.15620/cdc/164016.

6. Centers for Disease Control. Heart Disease Facts. Published October 24,2024. https://www.cdc.gov/heart-disease/data-
research/facts-stats/index.html. Accessed January 14, 2025.

7. Martin SS, Aday AW, Almarzooq ZI, et al. 2024 Heart Disease and Stroke Statistics: A Report of US and Global Data From the American
Heart Association. Circulation. 2024;149(8). 2024;149(8). doi: 10.1161/cir.0000000000001209.

8. 2025 Dietary Guidelines Advisory Committee. Scientific Report of the 2025 Dietary Guidelines Advisory Committee: Advisory
Report to the Secretary of Health and Human Services and Secretary of Agriculture. U.S. Department of Health and Human Services.
https://doi.org/10.52570/DGAC2025

9. 2010 Dietary Guidelines Advisory Committee. Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for
Americans, 2010, to the Secretary of Agriculture and the Secretary of Health and Human Services. 2010. U.S. Department of Agriculture
and U.S. Department of Health and Human Services. https://www.dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-
camera-ready-Jan11-11.pdf.

10. 2015 Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory Committee: Advisory
Report to the Secretary of Health and Human Services and the Secretary of Agriculture. 2015. U.S. Department of Agriculture and U.S.
Department of Health and Human Services. https://odphp.health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-
Dietary-Guidelines-Advisory-Committee.pdf.

11. 2020 Dietary Guidelines Advisory Committee. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory
Report to the Secretary of Agriculture and the Secretary of Health and Human Services. 2020. U.S. Department of Agriculture and U.S.
Department of Health and Human Services. https://www.dietaryguidelines.gov/sites/default/files/2020-
07/ScientificReport_of_the_2020DietaryGuidelinesAdvisoryCommittee_first-print.pdf.
12. Gaesser GA. Refined Grains and Health: Genuine Risk, or Guilt by Association? Advances in Nutrition. 2019;10(3):361-371.
https://doi.org/10.1093/advances/nmy104.

13. Park YK, Sempos CT, Barton CN, Vanderveen JE, Yetley EA. Effectiveness of food fortification in the United States: the case of
pellagra. American Journal of Public Health. 2000;90(5):727-38. doi: 10.2105/ajph.90.5.727.

14. National Research Council. 1958. Cereal Enrichment in Perspective. Washington, DC: The National Academies Press.
https://doi.org/10.17226/18506. https://nap.nationalacademies.org/login.php?record_id=18506.

15. Dary O, Hurrell R. Guidelines on food fortification with micronutrients. World Health Organization, Food and Agricultural Organization
of the United Nations: Geneva, Switzerland. 2006;1-376.

16. Dwyer JT, Woteki C, Bailey R, et al. Fortification: new findings and implications. Nutrition Reviews. 2014;72(2):127-41. doi:
10.1111/nure.12086.

17. Whitfield KC, Bourassa MW, Adamolekun B, et al. Thiamine deficiency disorders: diagnosis, prevalence, and a roadmap for global
control programs. Annals of the New York Academy of Sciences. 2018;1430(1):3-43. doi: 10.1111/nyas.13919.

18. International Food Information Council (IFIC). A Brief History of Food Fortification in the U.S. Published April 28, 2023.
https://foodinsight.org/is-food-fortification-necessary-a-historical-perspective/. Accessed January 14, 2025.

19. Bishai D, Nalubola R. The history of food fortification in the United States: its relevance for current fortification efforts in developing
countries. Economic Development and Cultural Change. 2002;51(1):37-53. doi: 10.1086/345361.

20. Federal Drug Administration. 21 C.F.R Chapter 1, Subchapter B, Part 137.165 Enriched flour. https://www.ecfr.gov/current/title-
21/chapter-I/subchapter-B/part-137. Accessed January 17, 2025.

21. National Institutes of Health, Office of Dietary Supplements. Thiamin - Health Professional Fact Sheet. Published February 9, 2023.
https://ods.od.nih.gov/factsheets/Thiamin-HealthProfessional/. Accessed January 14, 2025.

22. Marrs C, Lonsdale D. Hiding in Plain Sight: Modern Thiamine Deficiency. Cells. 2021;10(10):2595. doi: 10.3390/cells10102595.

https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://dx.doi.org/10.15620/cdc/159281
https://dx.doi.org/10.15620/cdc/165794
https://dx.doi.org/10.15620/cdc/164016
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://doi.org/10.52570/DGAC2025
https://www.dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-camera-ready-Jan11-11.pdf
https://www.dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-camera-ready-Jan11-11.pdf
https://odphp.health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://odphp.health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-07/ScientificReport_of_the_2020DietaryGuidelinesAdvisoryCommittee_first-print.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-07/ScientificReport_of_the_2020DietaryGuidelinesAdvisoryCommittee_first-print.pdf
https://doi.org/10.1093/advances/nmy104
https://nap.nationalacademies.org/login.php?record_id=18506
https://foodinsight.org/is-food-fortification-necessary-a-historical-perspective/
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-137
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-137
https://ods.od.nih.gov/factsheets/Thiamin-HealthProfessional/


23. Mahabadi N, Bhusal A, Banks SW. Riboflavin Deficiency. Updated July 17, 2023. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK470460/. Accessed January 14, 2025. 

24. National Institutes of Health, Office of Dietary Supplements. Riboflavin - Health Professional Fact Sheet.
https://ods.od.nih.gov/factsheets/Riboflavin-HealthProfessional/#h8. Accessed January 15, 2025.

25. Knapik JJ, Farina EK, Fulgoni VL 3rd, Lieberman HR. Clinically-diagnosed vitamin deficiencies and disorders in the entire United
States military population, 1997-2015. Nutrition Journal. 2021;20(1):55. doi: 10.1186/s12937-021-00708-2.

26. Mejia LA. Fortification of foods: historical development and current practices. Food and Nutrition Bulletin. 1994;15(4):1-4.
https://doi.org/10.1177/156482659401500413

27. Crider KS, Bailey LB, Berry RJ. Folic acid food fortification-its history, effect, concerns, and future directions. Nutrients.
2011;3(3):370-84. doi: 10.3390/nu3030370.

28. Hibbard BM, Hibbard ED, Jeffcoate TN. Folic acid and reproduction. Acta Obstetricia et Gynecologica Scandinavica. 1965;44(3):375-
400. doi: 10.3109/00016346509155874.

29. MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical Research Council Vitamin Study.
Lancet. 1991;338(8760):131-7. doi: 10.1016/0140-6736(91)90133-a.

30. Czeizel AE, Dudás I. Prevention of the first occurrence of neural-tube defects by periconceptional vitamin supplementation. New
England Journal of Medicine. 1992;327(26):1832-5. doi: 10.1056/NEJM199212243272602. 

31. Rossen LM, Hamilton BE, Abma JC, Gregory ECW, Beresovsky V, Resendez AV, et al. Updated methodology to estimate overall and
unintended pregnancy rates in the United States. National Center for Health Statistics. Vital Health Stat 2(201). 2023. DOI:
https://dx.doi.org/10.15620/cdc:124395. 

32. Cavalli P. Prevention of Neural Tube Defects and proper folate periconceptional supplementation. Journal of Prenatal Medicine.
2008;2(4):40-1.

33. US Preventive Services Task Force. Folic Acid Supplementation for the Prevention of Neural Tube Defects: US Preventive Services
Task Force Recommendation Statement. Journal of the American Medical Association. 2017;317(2):183–189.
doi:10.1001/jama.2016.19438.

34. Yetley EA, Rader JI. Modeling the level of fortification and post-fortification assessments: US experience. Nutrition Reviews.
2004;62:S50-59. https://doi.org/10.1111/j.1753-4887.2004.tb00076.x.

35. Yang QH, Carter HK, Mulinare J, Berry RJ, Friedman JM, Erickson JD. Race-ethnicity differences in folic acid intake in women of
childbearing age in the United States after folic acid fortification: findings from the National Health and Nutrition Examination Survey,
2001-2002. American Journal of Clinical Nutrition. 2007;85(5):1409-16. doi: 10.1093/ajcn/85.5.1409. 

36. National Institutes of Health, Office of Dietary Supplements. Folate - Fact Sheet for Health Professionals.
https://ods.od.nih.gov/factsheets/Folate-HealthProfessional/#h1. Accessed January 15, 2025.

37. Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD, Wong LY. Impact of folic acid fortification of the US food supply on the occurrence
of neural tube defects. Journal of the American Medical Association. 2001;285(23):2981-6. doi: 10.1001/jama.285.23.2981. 

38. Williams LJ, Mai CT, Edmonds LD, et al. Prevalence of spina bifida and anencephaly during the transition to mandatory folic acid
fortification in the United States. Teratology. 2002;66(1):33-9. doi: 10.1002/tera.10060. 

39. Boulet SL, Yang Q, Mai C, et al Trends in the postfortification prevalence of spina bifida and anencephaly in the United States. Birth
Defects Research Part A: Clinical and Molecular Teratology. 2008;82(7):527-32. doi: 10.1002/bdra.20468.

40. Williams J, Mai CT, Mulinare J, Isenburg J, Flood TJ, Ethen M, Frohnert B, Kirby RS; Centers for Disease Control and Prevention.
Updated estimates of neural tube defects prevented by mandatory folic Acid fortification - United States, 1995-2011. Morbidity and
Mortality Weekly Report. 2015;64(1):1-5. https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6401a2.htm#fig.

41. Pfeiffer CM, Hughes JP, Lacher DA, et al. Estimation of trends in serum and RBC folate in the United States population from pre- to
post-fortification using assay-adjusted data from the NHANES 1988–2010. Journal of Nutrition. 2012;142(5):886–893. doi:
10.3945/jn.111.156919.

42. Bentley TG, Willett WC, Weinstein MC, Kuntz KM. Population-level changes in folate intake by age, gender, and race/ethnicity after
folic acid fortification. American Journal of Public Health. 2006;96(11):2040-7. doi: 10.2105/AJPH.2005.067371.

43. U.S. Department of Agriculture. What We Eat in America, NHANES 2017 - March 2020 Prepandemic. ”Usual Nutrient Intakes from
Food and Beverages by Age and Sex”. https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-
research-center/food-surveys-research-group/docs/wweia-usual-intake-data-tables/. Accessed January 17, 2025.

44. Tinker SC, Hamner HC, Qi YP, Crider KS. U.S. women of childbearing age who are at possible increased risk of a neural tube defect-
affected pregnancy due to suboptimal red blood cell folate concentrations, National Health and Nutrition Examination Survey 2007 to
2012. Birth Defects Research Part A: Clinical and Molecular Teratology. 2015;103(6):517-26. doi: 10.1002/bdra.23378.

45. Tinker SC, Cogswell ME, Devine O, Berry RJ. Folic acid intake among U.S. women aged 15-44 years, National Health and Nutrition
Examination Survey, 2003-2006. American Journal of Preventive Medicine. 2010;38(5):534-42. doi: 10.1016/j.amepre.2010.01.025.

History and Public Health Benefits of Enrichment and Fortification of Refined Grains
© 2025 Grain Foods Research Institute. Questions? Contact us at info@grainfoodsresearch.org 17

https://www.ncbi.nlm.nih.gov/books/NBK470460/
https://ods.od.nih.gov/factsheets/Riboflavin-HealthProfessional/#h8
https://doi.org/10.1177/156482659401500413
https://dx.doi.org/10.15620/cdc:124395
https://doi.org/10.1111/j.1753-4887.2004.tb00076.x
https://ods.od.nih.gov/factsheets/Folate-HealthProfessional/#h1
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6401a2.htm#fig
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-usual-intake-data-tables/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-usual-intake-data-tables/
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.ars.usda.gov_northeast-2Darea_beltsville-2Dmd-2Dbhnrc_beltsville-2Dhuman-2Dnutrition-2Dresearch-2Dcenter_food-2Dsurveys-2Dresearch-2Dgroup_docs_wweia-2Dusual-2Dintake-2Ddata-2Dtables_&d=DwMGaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=HPmde8lHPlNWai4O3wsPpj1EK9hfeDO7zdVd4Kf80EY&m=1wC_5sIFrSUxwx4bQR3rF-zUaHTHVk8Y1FyrBTK8_pu0puRVZexcJGyqxvpHi053&s=3972CkBLmWtn8eFsgthcfHvt0BtpztFUJ3iaqtJkfNM&e=


46. Yang QH, Botto LD, Gallagher M, et al. Prevalence and effects of gene-gene and gene-nutrient interactions on serum folate and
serum total homocysteine concentrations in the United States: findings from the third National Health and Nutrition Examination
Survey DNA Bank. American Journal of Clinical Nutrition. 2008;88(1):232-46. doi: 10.1093/ajcn/88.1.232.

47. Hamner HC, Cogswell ME, Johnson MA. Acculturation factors are associated with folate intakes among Mexican American women.
Journal of Nutrition. 2011;141(10):1889-97. doi: 10.3945/jn.111.143412.

48. Hamner HC, Mulinare J, Cogswell ME, et al. Predicted contribution of folic acid fortification of corn masa flour to the usual folic acid
intake for the US population: National Health and Nutrition Examination Survey 2001-2004. American Journal of Clinical Nutrition.
2009;89(1):305-15. doi: 10.3945/ajcn.2008.26331. 

49. Tsang BL, Devine OJ, Cordero AM, et al. Assessing the association between the methylenetetrahydrofolate reductase (MTHFR)
677C>T polymorphism and blood folate concentrations: a systematic review and meta-analysis of trials and observational studies.
American Journal of Clinical Nutrition. 2015;101(6):1286-94. doi: 10.3945/ajcn.114.099994.

50. Graydon JS, Claudio K, Baker S, et al. Ethnogeographic prevalence and implications of the 677C>T and 1298A>C MTHFR
polymorphisms in US primary care populations. Biomarkers in Medicine. 2019;13(8):649-661. doi: 10.2217/bmm-2018-0392.

51. Flores AL, Cordero AM, Dunn M, et al. Adding folic acid to corn Masa flour: Partnering to improve pregnancy outcomes and reduce
health disparities. Preventive Medicine. 2018;106:26-30. doi: 10.1016/j.ypmed.2017.11.003. 

52. Tinker SC, Devine O, Mai C, et al. Estimate of the potential impact of folic acid fortification of corn masa flour on the prevention of
neural tube defects. Birth Defects Research Part A: Clinical and Molecular Teratology. 2013;97(10):649-57.

53. Wang A, Fothergill A, Yeung LF, Crider KS, Williams JL. Update on the impact of voluntary folic acid fortification of corn masa flour
on red blood cell folate concentrations-National Health and Nutrition Examination Survey, 2011-March 2020. Birth Defects Research.
2024;116(3):e2321. doi: 10.1002/bdr2.2321. 

54. Wang A, Rose CE, Qi YP, Williams JL, Pfeiffer CM, Crider KS. Impact of Voluntary Folic Acid Fortification of Corn Masa Flour on RBC
Folate Concentrations in the U.S. (NHANES 2011-2018). Nutrients. 2021;13(4):1325. doi: 10.3390/nu13041325. 

55. Kancherla V, Averbach H, Oakley GP. Nation-wide failure of voluntary folic acid fortification of corn masa flour and tortillas with folic
acid. Birth Defects Research. 2019;111(11):672-675. doi: 10.1002/bdr2.1518.

56. Redpath B, Kancherla V, Oakley GP. Availability of Corn Masa Flour and Tortillas Fortified With Folic Acid in Atlanta After National
Regulations Allowing Voluntary Fortification. Journal of the American Medical Association. 2018;320(15):1600-1601. doi:
10.1001/jama.2018.11939.

57. Mirabal-Beltran R, Monogue-Rines K, Riva K, Dube N, Donohue P. Hispanic Women's Perceptions of Neural Tube Defects and Folic
Acid Supplementation: A Qualitative Study. Womens Health Issues. 2024;34(2):172-179. doi: 10.1016/j.whi.2023.08.006. 

58. Green-Raleigh K, Carter H, Mulinare J, Prue CE, Petrini J. Trends in Folic Acid Awareness and Behavior in the United States: The
Gallup Organization for the March of Dimes Foundation Surveys, 1995–2005. Maternal and Child Health Journal. 2006;10(S1):177-182.
doi: 10.1007/s10995-006-0104-0.

59. Fulgoni VL, Keast DR, Bailey RL, Dwyer J. Foods, fortificants, and supplements: Where do Americans get their nutrients? Journal of
Nutrition. 2011;141(10):1847-54. doi: 10.3945/jn.111.142257.

60. Newman JC, Malek AM, Hunt KJ, Marriott BP. Nutrients in the US Diet: Naturally Occurring or Enriched/Fortified Food and Beverage
Sources, Plus Dietary Supplements: NHANES 2009-2012. Journal of Nutrition. 2019;149(8):1404-1412. doi: 10.1093/jn/nxz066.

61. Berner LA, Keast DR, Bailey RL, Dwyer JT. Fortified foods are major contributors to nutrient intakes in diets of US children and
adolescents. Journal of the Academy of Nutrition and Dietetics. 2014;114(7):1009-1022.e8. doi: 10.1016/j.jand.2013.10.012.

62. Papanikolaou Y, Fulgoni VL. Grain Foods Are Contributors of Nutrient Density for American Adults and Help Close Nutrient
Recommendation Gaps: Data from the National Health and Nutrition Examination Survey, 2009-2012. Nutrients. 2017;9(8):873. doi:
10.3390/nu9080873.

63. Papanikolaou Y, Fulgoni VL. Grains Contribute Shortfall Nutrients and Nutrient Density to Older US Adults: Data from the National
Health and Nutrition Examination Survey, 2011⁻2014. Nutrients. 2018;10(5):534. doi: 10.3390/nu10050534.

64. Kranz S, Dodd KW, Juan WY, Johnson LK, Jahns L. Whole Grains Contribute Only a Small Proportion of Dietary Fiber to the U.S. Diet.
Nutrients. 2017;9(2):153. doi: 10.3390/nu9020153.

65. Papanikolaou Y, Jones JM, Fulgoni VL. Several grain dietary patterns are associated with better diet quality and improved shortfall
nutrient intakes in US children and adolescents: a study focusing on the 2015-2020 Dietary Guidelines for Americans. Nutrition
Journal. 2017;16(1):13. doi: 10.1186/s12937-017-0230-0.

66. Papanikolaou Y and Fulgoni VL2. Certain grain food patterns are associated with improved 2015 Dietary Guidelines shortfall
nutrient intakes, diet quality, and lower body weight in US adults: results from the National Health and Nutrition Examination Survey,
2005-2010. Food and Nutrition Sciences. 2016;7(9):772-781. doi: 10.4236/fns.2016.79078.

67. Papanikolaou Y, Fulgoni VL. The Role of Fortified and Enriched Refined Grains in the US Dietary Pattern: A NHANES 2009-2016
Modeling Analysis to Examine Nutrient Adequacy. Frontiers in Nutrition. 2021;8. doi: 10.3389/fnut.2021.655464. 

68. Desrosiers TA, Siega-Riz AM, Mosley BS, Meyer RE. Low carbohydrate diets may increase risk of neural tube defects. Birth Defects
Research. 2018;110(11):901-909. doi: 10.1002/bdr2.1198.

18History and Public Health Benefits of Enrichment and Fortification of Refined Grains
© 2025 Grain Foods Research Institute. Questions? Contact us at info@grainfoodsresearch.org



69. Lin BH and Yen ST. The Grain Consumption Landscape: Who eats grain, in what form, where, and how much? ERR-50. U.S.
Department of Agriculutre, Economic Research Service. November 2007.
https://ers.usda.gov/sites/default/files/_laserfiche/publications/45919/12228_err50_1_.pdf?v=95560.

70. Sharma S, Sheehy T, Kolonel LN. Ethnic differences in grains consumption and their contribution to intake of B-vitamins: results of
the Multiethnic Cohort Study. Nutrition Journal. 2013;12:65. doi: 10.1186/1475-2891-12-65.

71. U.S. Department of Agriculture. What We Eat in America, NHANES 2015-2016. ”Mean Amounts of Food Patterns Ounce Equivalents
Consumed per Individual, by Race/Ethnicity and Age”.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_2_FPED_RAC_1516.pdf.

72. U.S. Department of Agriculture. What We Eat in America, NHANES 2017-March 2020 Prepandemic. ”Mean Amounts of Food Patterns
Ounce Equivalents Consumed per Individual, by Race/Ethnicity and Age”.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_2_FPED_RAC_1720.pdf

73. Taylor CA, Talegawkar SA, Abrams SA, et al. What are the differences between nutrient profiles calculated using the dietary intakes
of the total U.S. population and population groups? Food Pattern Modeling Report. November 2024. U.S. Department of Agriculture,
Food and Nutrition Service, Center for Nutrition Policy and Promotion, Nutrition and Economic Analysis Branch.
https://doi.org/10.52570/DGAC2025.FPM02.

74. Darmon N, Drewnowski A. Does social class predict diet quality? American Journal of Clinical Nutrition. 2008;87(5):1107-17. doi:
10.1093/ajcn/87.5.1107.

75. U.S. Department of Agriculture. What We Eat in America, NHANES 2017-March 2020 Prepandemic. ”Mean Amounts of Food Patterns
Ounce Equivalents Consumed per Individual, by Family income as % of Poverty Level and Age”.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_4_FPED_POV_1720.pdf

76. Dunford EK, Miles DR, Popkin B, Ng SW. Whole Grain and Refined Grains: An Examination of US Household Grocery Store Purchases.
Journal of Nutrition. 2022;152(2):550-558. doi: 10.1093/jn/nxab382.

77. Hess JM, Cifelli CJ, Agarwal S, Fulgoni VL. Comparing the cost of essential nutrients from different food sources in the American diet
using NHANES 2011-2014. Nutrition Journal. 2019;18(1):68. doi: 10.1186/s12937-019-0496-5.

78. Olson R, Gavin-Smith B, Ferraboschi C, Kraemer K. Food Fortification: The Advantages, Disadvantages and Lessons from Sight and
Life Programs. Nutrients. 2021;13(4):1118. doi: 10.3390/nu13041118.

79. Martinez H, Benavides-Lara A, Arynchyna-Smith A, Ghotme KA, Arabi M, Arynchyn A. Global strategies for the prevention of neural
tube defects through the improvement of folate status in women of reproductive age. Childs Nervous System. 2023;39(7):1719-1736.
doi: 10.1007/s00381-023-05913-4.

80. Passarelli, Simone, Free CM, Shepon A, Beal T, Batis C, Golden CD. Global estimation of dietary micronutrient inadequacies: a
modelling analysis. Lancet Global Health. 2024;12(10): e1590-e1599. doi: 10.1016/S2214-109X(24)00276-6.

81. Rohner F, Wirth JP, Zeng W, et al. Global Coverage of Mandatory Large-Scale Food Fortification Programs: A Systematic Review and
Meta-Analysis. Advances in Nutrition. 2023;14(5):1197-1210. doi: 10.1016/j.advnut.2023.07.004.

82. World Food Program. "Understanding the Rice Value Chain in South and Southeast Asia: Opportunities, Challenges, Way Forward for
Rice Fortification". 2023. https://docs.wfp.org/api/documents/WFP-0000150174/download/

83. Stevens GA, Beal T, Mbuya MNN, Luo H, Neufeld LM; Global Micronutrient Deficiencies Research Group. Micronutrient deficiencies
among preschool-aged children and women of reproductive age worldwide: a pooled analysis of individual-level data from population-
representative surveys. Lancet Global Health. 2022;10(11): e1590-e1599. doi: 10.1016/S2214-109X(22)00367-9.

84. Redzic S, Hashmi MF, Gupta V. Niacin Deficiency. Updated July 25, 2023. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing. https://www.ncbi.nlm.nih.gov/books/NBK557728/. Accessed January 14, 2005.

85. Dricot CEMK, Erreygers I, Cauwenberghs E, et al. Riboflavin for women's health and emerging microbiome strategies. NPJ Biofilms
and Microbiomes. 2024;10(1):107. doi: 10.1038/s41522-024-00579-5.

86. Whitfield KC, Karakochuk CD, Liu Y, et al. Poor thiamin and riboflavin status is common among women of childbearing age in rural
and urban Cambodia. Journal of Nutrition. 2015;145(3):628-33. doi: 10.3945/jn.114.203604.

87. ter Borg S, Verlaan S, Hemsworth J, et al. Micronutrient intakes and potential inadequacies of community-dwelling older adults: a
systematic review. British Journal of Nutrition. 2015;113(8):1195-206. doi: 10.1017/S0007114515000203. 

88. Kancherla V. Neural tube defects: a review of global prevalence, causes, and primary prevention. Childs Nervous System.
2023;39(7):1703-1710. doi: 10.1007/s00381-023-05910-7. 

89. Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell B. Estimates of global and regional prevalence of neural tube defects for
2015: a systematic analysis. Annals of the New York Academy of Sciences. 2018;1414(1):31-46. doi: 10.1111/nyas.13548.

90. Atta CA, Fiest KM, Frolkis AD, et al. Global Birth Prevalence of Spina Bifida by Folic Acid Fortification Status: A Systematic Review
and Meta-Analysis. American Journal of Public Health. 2016;106(1):e24-34. doi: 10.2105/AJPH.2015.302902.

91. Quinn M, Halsey J, Sherliker P, et al. Global heterogeneity in folic acid fortification policies and implications for prevention of neural
tube defects and stroke: a systematic review. EClinicalMedicine. 2023;67:102366. doi: 10.1016/j.eclinm.2023.102366. 
 

History and Public Health Benefits of Enrichment and Fortification of Refined Grains
© 2025 Grain Foods Research Institute. Questions? Contact us at info@grainfoodsresearch.org 19

https://ers.usda.gov/sites/default/files/_laserfiche/publications/45919/12228_err50_1_.pdf?v=95560
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_2_FPED_RAC_1516.pdf.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_2_FPED_RAC_1720.pdf
https://doi.org/10.52570/DGAC2025.FPM02
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/Table_4_FPED_POV_1720.pdf
https://docs.wfp.org/api/documents/WFP-0000150174/download/
https://www.ncbi.nlm.nih.gov/books/NBK557728/


About the Grain Foods Research Institute

Acknowledgments
Lead Author: Chesney Richter, PhD

Contributors:
Erin Ball
Michelle Kijek
Shelley Maniscalco, RDN, MPH
Tricia Psota, PhD, RDN

The Grain Foods Research Institute (GFRI) is a
nonprofit organization committed to supporting
research to better understand the nutritional role of
grain foods in healthy lifestyles.

GFRI champions evidence-based research that
explores the importance of grain foods in a balanced
diet. By partnering with its sister organization, the
Grain Foods Foundation (GFF), GFRI aims to amplify
the understanding of how grain-based foods
contribute to overall health and wellness to
consumers, health professionals, policymakers and
industry stakeholders.

Contact
info@grainfoodsresearch.org
www.grainfoodsresearch.org

History and Public Health Benefits of Enrichment and Fortification of Refined Grains
© 2025 Grain Foods Research Institute. 

https://grainfoodsresearch.org/
https://grainfoodsfoundation.org/

