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ABSTRACT
Although dietary guidance recommends increasing consumption of whole grains and concurrently limiting consumption of refined and/or enriched
grain foods, emerging research suggests that certain refined grains may be part of a healthy dietary pattern. A scientific expert panel was
convened to review published data since the release of 2015 dietary guidance in defined areas of grain research, which included nutrient intakes,
diet quality, enrichment/fortification, and associations with weight-related outcomes. Based on a 1-d roundtable discussion, the expert panel
reached consensus that 1) whole grains and refined grains can make meaningful nutrient contributions to dietary patterns, 2) whole and refined
grain foods contribute nutrient density, 3) fortification and enrichment of grains remain vital in delivering nutrient adequacy in the American diet, 4)
there is inconclusive scientific evidence that refined grain foods are linked to overweight and obesity, and 5) gaps exist in the scientific literature
with regard to grain foods and health. Curr Dev Nutr 2020;4:nzaa125.
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Summary of the Expert Panel Meeting

Table 1 lists the consensus reached during the expert panel meeting fol-
lowing discussions and review of published, peer-reviewed, scientific
evidence. The expert panel also noted that gaps remain in the scien-
tific literature and encouraged continued research involving grain foods
within healthy dietary patterns. In addition, the expert panel noted an
explicit need for additional nutrition research that distinguishes be-
tween types of grains, beyond the classification of whole and refined
grains. The current grain type classification used by dietary guidance
that places all grains that are not “whole grains” into one category of
“refined grains” may need re-evaluation because many enriched grain
foods [i.e., ready-to-eat cereals (RTECs) and breads] that are labeled as
refined grains provide nutrient density to the American diet.

Introduction

The grain food group has been an integral part of eating patterns in
American dietary practices. Whether through enrichment (i.e., replac-

ing nutrients in the food lost during processing) and/or fortification
practices (i.e., adding nutrients to the food at higher concentrations
than naturally present), several grain food groups have been recognized
as important contributors of energy and nutrient density in the Amer-
ican diet. For example, when considering dietary patterns proposed
by the 2015–2020 Dietary Guidelines for Americans (DGA), both the
Healthy US- and Healthy Mediterranean-Style 2000 kilocalorie patterns
recommend 6 ounce equivalent (oz eq) servings of grains per day, with
half of those servings being whole grains, whereas the Healthy Vegetar-
ian eating pattern recommends 6.5 oz eq daily servings of grains, with
3.5 oz eq stemming from whole grains (1). However, the 2015–2020
DGA distinguishes between the nutritional relevance of whole grains
and refined grains by assigning emphasis on greater consumption of
whole grains and concurrently limiting consumption of refined grain
foods. The 2015–2020 DGA carried forward recommendations from
the 2010 DGA, which outlined a healthy dietary pattern being one that
increases whole grain consumption by replacing refined grains with
whole grains. The 2010 DGA further stated “limit the consumption of
refined grains, especially refined grains containing added sugar, sodium
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TABLE 1 Consensus statements derived from an expert panel roundtable event

1. Grain foods make meaningful nutrient contributions to US dietary patterns. In particular, both whole and refined grain foods can play a role in
helping deliver shortfall nutrients to the American population.

2. Grain foods are meaningful contributors of nutrient density in the American diet in both children and adults, with particular emphasis on
ready-to-eat cereals, breads, rolls, and tortillas.

3. Grain foods can contribute nutrient adequacy in the US diet of children and adults.
4. Currently with US typical dietary patterns, a large percentage of children and adults are not meeting recommendations set forth by authoritative

dietary guidance. Removing portions or all of certain whole and refined grain foods from the diet can further exacerbate nutrient inadequacies
in US children and adults.

5. Removing refined grains from the diet results in more children and adults falling below recommendations for shortfall nutrients as
identified by the 2015–2020 Dietary Guidelines for Americans.

6. Available scientific evidence from observational studies does not support the notion that refined grain consumption is linked to increased risk of
overweight and obesity.

7. Limiting consumption of indulgent refined grains, due to contributions of calories, added sugar, sodium, and saturated fat, is necessary within
dietary patterns.

8. Evolving dietary guidance needs to evaluate emerging grain research to address the nutritional relevance of certain refined grain foods within
dietary patterns.

9. The current categorization of refined grain foods may need further delineation, particularly because current evidence suggests differences in
nutrient contribution from breads and cereals in comparison to indulgent grain foods such as cakes, cookies, and pies.

10. Future research should consider distinguishing different types of refined grain foods with the goal of potentially creating an additional
classification of grains that goes beyond the terms “whole” and “refined”. For example, dietary pattern–focused research needs to separate
refined grains (i.e., breads and cereals from cakes, cookies, and pies) when assessing nutrient intake, diet quality, and health-related outcomes.

11. Future research should consider repeating currently available analyses with epidemiological-based databases other than NHANES. For
example, the expert panel recommends conducting analyses using large cohorts, including the Nurses’ Health Study and Health
Professional Follow-Up Study, in which refined grains are further distinguished (i.e., refined grain categories need to differentiate between
breads and cereals and cakes, cookies, pies, etc.).

DGA, Dietary Guidelines for Americans.

and solid fats” (2). Although certain grain foods may contain higher
concentrations of nutrients to limit, including added sugar, saturated
fat, and sodium, many grain foods, including whole and select refined
grains, can contribute positive nutrition to the American diet. More-
over, added sugars, sodium, and solid fats are not limited to refined
grains. Secondary analyses of NHANES 2005–2010 identified several
grain food patterns of consumption in US adults and reported an asso-
ciation between grain food consumption and nutrient intakes (3), such
that several grain food patterns were linked with greater nutrient in-
takes, including higher intake of shortfall nutrients and nutrients of
public health concern as identified by the 2015–2020 DGA (1). Simi-
larly, certain grain food patterns of consumption in children and ado-
lescents, including both whole and refined grains, were associated with
greater intakes of shortfall nutrients and/or nutrients of concern, in-
cluding iron, magnesium, vitamin D, dietary fiber, and folate, compared
with those of children and adolescents consuming nongrain dietary pat-
terns (4). Although previous NHANES analyses did not differentiate
between whole grain and refined grain consumption, and focused on
dietary patterns as consumed at the time of data collection, it can be
assumed that the majority of grain intake was attributable to refined
grain intake because <5% of Americans consume the minimum rec-
ommendation for whole grain consumption, with the average Ameri-
can consuming <1 oz eq of whole grains per day (2, 5). In addition, re-
cent NHANES analyses in both children and adults suggest that certain
grain foods within the refined grain food category contribute meaning-
ful amounts of nutrients to the American diet, whereas others do not.
Refined grain foods, including breads, rolls, tortillas, and RTECs, are
meaningful contributors (i.e., ≥10% in the diet) of dietary fiber, thi-
amin, folate, iron, zinc, and niacin to the total American diet. Similarly,
when assessing refined grain foods in children and adolescents, breads,
rolls, tortillas, and RTECs were major contributors of dietary fiber, thi-

amin, folate, iron, zinc, and niacin to the American diet of children and
adolescents. Likewise, breads, rolls, tortillas, and RTECs also provided
meaningful amounts of thiamin, niacin, dietary fiber, iron, and folate
to older American adults (6–10). Thus, previous evidence may indicate
that classifying all grains that are not whole grains into 1 category of
refined grains may not be a fair representation of the nutrient contribu-
tion provided by many nutrient-dense enriched grain foods, including
breads, rolls, cooked cereals, and RTECs.

Emerging observational research suggests that certain grain foods,
as part of a healthy dietary pattern that include a selection of enriched
and fortified grains, may improve overall nutrient intakes and minimize
gaps in shortfall nutrient intakes. Thus, the goal of the current state-of-
the-art review was to conduct an evidence-based session to gauge an
expert panel’s scientific input on defined areas involving grains, nutri-
tion, and health. The scientific expert panel reached agreement on grain
areas of research to discuss prior to an in-person meeting based on sci-
entific and policy messaging from the 2010 and the 2015–2020 DGA
(1, 2). The in-person meeting was convened on October 18, 2018, in
Washington, DC, and the defined areas reviewed were meant to deter-
mine whether scientific consensus could be achieved with regard to the
following questions involving grains:

1. Can fortified and enriched refined grain foods, as part of a dietary
pattern, add nutritional value to the American diet?

2. Do refined grains provide meaningful contributions to nutrient
adequacy in the American dietary pattern?

3. Is refined grain food consumption a contributing factor in over-
weight and obesity?

4. Are there gaps in the current scientific literature pertaining to
grain foods and health?
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Part 1 Expert Panel Discussion: Can Fortified and Enriched
Refined Grain Foods, as Part of a Dietary Patten, Add
Nutritional Value to the American Diet?

Role of grain foods in helping deliver shortfall nutrients
Irrespective of the substantial contributions made by fortified and en-
riched refined grains (3–10) to North American diets, such grains are
not recommended as foods to increase, with previous and current di-
etary guidance recommending reduced refined grain consumption in
all age groups (1). An analysis in 7250 participants aged 2–18 y from
NHANES 2003–2006 found that without enrichment and fortification
practices currently in place in the United States, a substantial percentage
of all children and adolescents would have inadequate intakes of numer-
ous micronutrients, with the most concerning nutrient inadequacies af-
fecting older adolescent females (11). When evaluating both genders of
all ages and considering only intrinsic nutrient intake from foods, re-
sults showed that 25–100% had inadequate intakes of dietary folate, cal-
cium, and vitamins A, D, and E. For adolescent females, the researchers
reported that 23–92% had inadequate intakes of thiamin, riboflavin,
niacin, phosphorus, magnesium, iron, zinc, and vitamins B-6 and C.
Further analyses showed that when nutrient intakes contributed from
fortification were considered, nutrient intake inadequacies were mean-
ingfully reduced for vitamins A, D, B-6, C, zinc, thiamin, riboflavin,
niacin, and folic acid. The researchers concluded that enrichment and
fortification added meaningful intake levels to numerous shortfall nu-
trients, without leading to overconsumption for most vitamins and min-
erals. Furthermore, the researchers argued that without added nutrients
in foods, thiamin, riboflavin, niacin, vitamin B-6, and zinc would also be
considered shortfall nutrients, with particular emphasis on older ado-
lescent females (11).

DGA spanning nearly 2 decades have continuously reported on sev-
eral shortfall nutrients for individuals aged ≥2 y (1, 2, 12, 13). Indeed,
the most recent DGA have highlighted both shortfall nutrients and nu-
trients of public health concern. Specifically, the 2015–2020 DGA policy
report (1) stated,

Several nutrients are under-consumed relative to requirement
levels set by the Institute of Medicine and the Committee charac-
terized these as shortfall nutrients: vitamin A, vitamin D, vitamin
E, vitamin C, folate, calcium, magnesium, fiber, and potassium.
For adolescent and premenopausal females, iron also is a shortfall
nutrient. Of the shortfall nutrients, calcium, vitamin D, fiber, and
potassium also are classified as nutrients of public health concern
because their under-consumption has been linked in the scien-
tific literature to adverse health outcomes.

The 2015–2020 DGA policy report further highlights that a healthy
dietary pattern incorporates increased consumption of fruits, vegeta-
bles, whole grains, low- and nonfat dairy, seafood, legumes, and nuts;
moderate intake of alcohol for adults; and reduced consumption of red
and processed meat, sugar-sweetened foods and beverages, and refined
grains (1). Although dietary guidance routinely recommends restrict-
ing intake of refined grains, a large selection of refined grain foods, par-
ticularly RTECs and breads, are sources for several shortfall nutrients
identified by the 2015–2020 DGA, including folate, iron, magnesium,
and dietary fiber. In addition, with the 1998 mandatory folic acid for-
tification initiative launched by the FDA (14), numerous refined grains
have been recognized as leading contributors for dietary folate. In fact,

breads, rolls, and crackers are the greatest contributor of total folate to
the US diet, providing ∼16% of total intake, which exceeds the contri-
bution of folate from vegetables (15). Similarly, analyses from NHANES
2003–2006 have documented that fortification practices significantly
contribute nutrient adequacy in American children and adolescents, de-
void of excessive intakes for most vitamins and minerals (11). Whereas
4 of the top 10 ranking foods for energy (i.e., calorie) contribution to
the total diet were grain foods in adults, the top 10 ranking food sources
of dietary fiber included 5 grain-based foods. For example, yeast breads
and rolls ranked as the top source of dietary fiber to the diet of US adults,
contributing 10.9% of total dietary fiber (16). Similarly, researchers have
demonstrated that 5 of the top 10 greatest contributors of energy intake
also contribute ≥10% of the total dietary fiber and micronutrients to the
US diet. Indeed, whereas 3 of the top 10 sources of energy provided no
nutritional value, the remaining sources of energy, including milk, beef,
poultry, cheese, and grain-based baked goods, were significant contrib-
utors of nutrients of concern and other essential nutrients; thus, elimi-
nating these foods from food patterns may potentially have inadvertent
effects on diet quality in the US population (17).

Grain patterns of consumption and associations with
nutrient intakes and diet quality
Limited data are available to assess grain patterns of consumption and
associations to nutrient intakes and diet quality in the American pop-
ulation. For adults, a recent analysis using data from What We Eat in
America (WWEIA), 2005–2010, the dietary component of NHANES,
identified commonly consumed grain food patterns in US adults and
compared nutrient intakes, diet quality, and health parameters of those
consuming various grain food patterns to those not consuming main
grain foods. Although the analysis did not differentiate between whole
and refined grain consumption, it has been established that very few
adults meet whole grain consumption recommendations. Specifically, it
has been previously reported that <8% of US adults consume at least
the recommended 3 whole grain oz eq per day, whereas ∼50% of adults
consume >0 and <3 whole grain oz eq per day, and nearly 42% re-
ported not consuming any whole grains (18). Likewise, data stemming
from WWEIA 2007–2010 showed that the estimated percentage of the
US population consuming below established whole grain recommenda-
tions is >95% in all children and adults (19). As a result, it is reasonable
to assume that a major portion of grain consumption in the US diet is
composed of refined grain foods. Using data from WWEIA 2005–2010
for all adults aged ≥19 y, cluster analysis identified 8 unique grain food
patterns that focused on breads/rolls, quick breads, cereals, pasta/rice,
crackers/salty snacks, cakes/cookies/pies, mixed grains (i.e., defined as
50% of grains coming from yeast bread/rolls), and no grain foods. When
examining 2015–2020 DGA’s 4 nutrients of concern—dietary fiber, cal-
cium, potassium, and vitamin D—calcium intake was greater in adults
consuming cereals compared with those not consuming grain foods (3).
Dietary fiber was also higher in adults consuming cereals, pasta, cooked
cereals and rice, and quick breads, ranging from 3.1 to 4.5 g/d of in-
creased fiber consumption compared with those in the no grains group.
Vitamin D was greater in those consuming cereals, pasta, cooked cere-
als and rice, and mixed grains, whereas potassium was lower in adults
consuming crackers and salty snacks and cakes, cookies, and pies com-
pared with adults not consuming grain food products. The analysis
also examined nutrients added to grain foods, via either enrichment or
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fortification practices, and found beneficial outcomes related to grain
consumption. Iron intake was higher in adults in all grain food patterns
examined except for those consuming indulgent grain foods (i.e., grains
foods with higher added sugars and/or saturated fat and/or sodium,
including cakes, cookies, and pies), whereas adults consuming yeast
breads and rolls, cereals, pasta, cooked cereals and rice, and mixed
grains had significantly greater intake of thiamin and riboflavin com-
pared with adults avoiding grain foods. Likewise, dietary folate was
higher in those in all grain food clusters, except crackers and salty snacks
and cakes, cookies, and pies, whereas zinc intake was higher only in
adults consuming cereals compared with adults in the no grains clus-
ter. Magnesium intakes were significantly greater in adults consuming
cereals and pasta, cooked cereals, and rice patterns relative to the no
grains group. Diet quality, as measured by the USDA’s Healthy Eating
Index–2010, showed that .adults in several grain-based dietary clusters
(whole and refined grains) had significantly higher scores (i.e., better
diet quality) relative to the no grains food pattern (3).

A similar analysis using NHANES 2005–2010 was completed in chil-
dren to identify the most commonly consumed grain food patterns and
compare nutrient intakes and diet quality in comparison to those chil-
dren engaging in grain avoidance (4). Dietary fiber intake was signif-
icantly greater in 5 of the 8 patterns, ranging from 1.8 to 2.8 g more
per day, compared with those consuming no grain foods. Iron intake
was greater across all 7 grain clusters examined, showing the contri-
bution of enriched grain foods to the diet. Vitamin D was signifi-
cantly greater in those consuming cereals, and potassium was higher
in children consuming pasta, cooked cereals, and rice compared with
those not consuming grain food products. Intakes of thiamin and ri-
boflavin were significantly higher for children and adolescents con-
suming all grain clusters, except for cakes, cookies, and pies, compared
with those not consuming grain foods. Similarly, folate was signifi-
cantly higher in those in all grain food clusters, except cakes, cook-
ies, and pies, compared with the no grains cluster. Zinc intake was
higher only in children and adolescents consuming yeast breads and
rolls, cereals, and quick breads and lower in those consuming cakes,
cookies, and pies compared with those in the no grains cluster. Mag-
nesium intakes were significantly greater in those consuming all clus-
ters except those in the cakes, cookies, and pies and the pancakes, waf-
fles, French toast, and other grains clusters compared with the no grains
group. Saturated fat intake was lower in all grain patterns examined
compared with those not consuming grain foods, with the difference
in saturated fat ranging from 1.5 to 4.8 g less per day. Sodium intake
was lower (−350 mg/d) in children and adolescents consuming cakes,
cookies, and pies and greater in children and adolescents consuming
pasta, cooked cereals, and rice compared with the no grains cluster pat-
tern. There were no significant differences in total and added sugar in-
take across all grain clusters compared with the no grain cluster. Rela-
tive to children in the no grain dietary pattern, those in several grain
food patterns of consumption, including bread/rolls, pasta/cereals/
rice, and crackers/salty snacks, had a significantly higher diet
quality (4).

Thus, based on the 2 available observational studies (3, 4) examining
grain patterns of consumption, evidence in children and adults supports
that a variety of grain food patterns, including those recommended by
dietary guidance and those that focus on enriched and fortified grain
staples, are associated with greater nutrient intakes, including higher

consumption of shortfall nutrients and nutrients of public health con-
cern as identified by the 2015–2020 DGA (1), compared with patterns
that use no grain foods.

Grain foods as sources of energy and nutrients
US dietary guidance has consistently encouraged placing limits on
added sugar, saturated fat, and sodium, and in many instances there
have been recommendations to monitor total sugar and fat intake (1,
2, 12, 13, 19, 20). Although both whole and refined grain food products
can contribute meaningful amounts of these nutrients, many whole and
refined grain foods can provide meaningful nutrient contributions to
the diet, including dietary fiber, iron, magnesium, and B vitamins. Re-
cently, 3 analyses (6–8) have been completed that demonstrate mean-
ingful nutrient density contribution levels of grain foods and subcate-
gories of grain foods in the American diet.

Grain food sources of energy and nutrients in US children and
adolescents.
Observational data from NHANES 2009–2012 found that all grain
foods (i.e., whole and refined grain foods combined) provided approxi-
mately 14% of total daily calories, 8% of total fat, 5% of saturated fat, 8%
of total sugar, and 16% of sodium in the American diet of children and
adolescents. In addition, all grain foods contributed approximately 25%
of daily fiber, 35% of iron, 14% of magnesium, 39% of folate, and 16% of
vitamin A in the total diet (6). When examining subgroups of the grain
food category, breads, rolls, and tortillas and RTECs were meaningful
contributors of several nutrients to encourage. Specifically, breads, rolls,
and tortillas contributed 7% of total daily calories, 8% of sodium, 2%
of total sugar, 3% of total fat, and 2% of saturated fat in exchange for
14% of total folate, 12% of fiber, 12% of iron, and of 7% magnesium
and calcium in the total diet. All whole and refined grain RTECs pro-
vided 18% of folate, 17% of iron, 13% of vitamin B-12 and niacin, 12%
of vitamin A, 10% of zinc, and 7% of fiber and vitamin D in the to-
tal diet, in addition to contributing <5% of total daily calories, total
sugar, sodium, and total and saturated fat in the diet of US children and
adolescents (6).

Grain food sources of energy and nutrients in US adults.
Comparable to data published in children and adolescents, a recent
NHANES analysis evaluated sources of energy and nutrients derived
from the grain food category in adults (7). For 14% of all calories in
the diet, whole and refined grain foods combined contributed 15% of
sodium, 8% of total sugar, 7% of total fat, and 5% of saturated fat. In ad-
dition, grain foods provided 25% of all total dietary fiber and substan-
tial amounts of vitamins (34% of folate, 30% of thiamin, 21% of niacin,
16% of riboflavin, 16% of vitamin B-6, 11% of vitamin A, and 11% of
vitamin B-12) and minerals (30% of iron, 15% of zinc, 14% of magne-
sium, 13% of phosphorus, and 13% of calcium) per day; dietary fiber, fo-
late, vitamin A, iron, magnesium, and calcium are all 2015–2020 DGA
designated shortfall nutrients. Therefore, grain foods in the American
diet deliver nutrient density while simultaneously providing meaning-
ful amounts of several 2015–2020 DGA shortfall nutrients (7).

Further analyses have examined subcategories of grain foods, with
particular focus on refined grain products, as sources of energy and nu-
trients by gender (7). Using data from NHANES 2009–2012, it has been
documented that breads, rolls, and tortillas contribute approximately
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FIGURE 1 Percentage of adults above the AI for dietary fiber when select grain foods are removed from the current diet. Data are for
adults aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults above the AI for dietary fiber (8.9%). AI,
Adequate Intake; RTEC, ready-to-eat cereals.

8% of sodium, 3% of total sugar, 4% of total fat, and 3% of saturated
fat, for ∼8% of total energy in the daily diet of adult women. In ad-
dition, when considering 2015–2020 DGA shortfall nutrients, breads,
rolls, and tortillas contribute approximately 12% of total dietary fiber,
15% of folate, 13% of iron, 8% of calcium, and 7% of magnesium on a
daily basis, Breads, rolls, and tortillas also contribute approximately 16%
of thiamin, 11% of niacin, 7% of riboflavin, and 6% of zinc daily. Simi-
lar findings were seen in adult men: 8% of sodium, 4% of total sugar, 3%
of total fat, 3% of saturated fat, and 8% of total energy in the daily diet
were provided by breads, rolls, and tortillas. For shortfall nutrients iden-
tified by the 2015–2020 DGA, breads, rolls, and tortillas contributed ap-
proximately 14% of total dietary fiber, 16% of folate, 13% of iron, 9% of

calcium, and 8% of magnesium. Breads, rolls, and tortillas further con-
tributed approximately 17% of thiamin, 10% of niacin, 7% of riboflavin,
and 6% of zinc per day (7).

Results further showed that as a grain category, RTECs provide ap-
proximately 2% of total calories, 2% of sodium, 3% of total sugar, 1%
of total fat, and 1% of saturated fat in the American adult woman’s
diet. RTECs were also an important source for shortfall nutrients in the
American diet, with approximately 5% of total dietary fiber, 11% of fo-
late, 11% of iron, and 5% of vitamin D contributed daily. In addition,
RTECs contributed 9% of vitamin B-12, 9% of vitamin B-6, 8% of thi-
amin, 7% of niacin, 7% of vitamin A, 6% of riboflavin, and 6% of zinc
per day. Similar findings were reported in US adult men, such that all
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FIGURE 2 Percentage of adults below the EAR for dietary folate when select grain foods are removed from the current diet. Data are for
adults aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for dietary folate (12.2%).
DFE, dietary folate equivalents; EAR, estimated average requirement; RTEC, ready-to-eat cereals.
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FIGURE 3 Percentage of children/adolescents below the EAR for dietary folate when select grain foods are removed from the current
diet. Data are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the
EAR for dietary folate (3.6%). DFE, dietary folate equivalents; EAR, estimated average requirement; RTEC, ready-to-eat cereals.

RTECs provided approximately 2% of sodium, 3% of total sugar, and
1% of total fat and saturated fat in the daily diet, in exchange for 2% of
total calories. When considering shortfall nutrients, RTECs contributed
approximately 14% of total dietary fiber, 16% of folate, 13% of iron, 9%
of calcium, 8% of magnesium, 17% of thiamin, 10% of niacin, 7% of
riboflavin, and 6% of zinc per day (7).

Expert Panel Consensus

1. Grain foods make meaningful nutrient contributions to US di-
etary patterns. In particular, both whole and refined grain foods
can play a role in helping deliver shortfall nutrients to the Amer-
ican population.

2. Grain foods are meaningful contributors of nutrient density in the
American diet in both children and adults, with particular em-
phasis on RTECs, breads, rolls, and tortillas.

Part 2 Expert Panel Discussion: Do Refined Grains Provide
Meaningful Contributions to Nutrient Adequacy in the
American Dietary Pattern?

Current nutrition trends have questioned and at times negatively por-
trayed the roles of grains and carbohydrates in the diet and the con-
tribution to overall health (20–22). In fact, in the current nutrition
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aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for iron (5.1%). EAR, estimated
average requirement; RTEC, ready-to-eat cereals.

CURRENT DEVELOPMENTS IN NUTRITION



Refined grains: perspectives from an expert panel 7

2.7 3.1 3.72.9
4.2

5.8
3.4

9

17.8

0

5

10

15

20

Bread Bread + RTEC All Grains

%
 B

el
ow

 E
AR

% of Food Removed from Diet

Iron

25% Removal 50% Removal 100% Removal

FIGURE 5 Percentage of children/adolescents below the EAR for iron when select grain foods are removed from the current diet. Data
are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for iron
(2.5%). EAR, estimated average requirement; RTEC, ready-to-eat cereals.

environment, the perception of breads and other grain products is that
most, if not all, grain foods have little or no nutrient and/or nutrition
contribution to the overall diet and thus no influence with regard to
overall public health. Moreover, consumers and health care professional
alike may not understand and/or appreciate the rationale as to how forti-
fication and enrichment factor into the American diet and public health.
Although in 2011 the CDC highlighted folate fortification as 1 of the top
10 public health achievements of the century (23), there was little fan-
fare and/or promotion of the scientific accomplishment. As such, a key
discussion point within the expert panel was the current gap in the pub-
lished scientific literature on the role of grains and nutrient adequacy in
the American diet. Therefore, the expert panel agreed that a necessary

next step was to conduct a modeling analysis using data from NHANES
2009–2016 in children/adolescents and adults to determine the role of
grains, breads, and RTECs and nutrient adequacy in the diet. The study
objectives included the following:

1. Determining nutrient adequacy outcomes when removing 25%,
50%, and 100% of all breads consumed in the American diet

2. Determining nutrient adequacy outcomes when removing 25%,
50%, and 100% of all breads and RTECs in the American diet

3. Determining nutrient adequacy outcomes when removing 25%,
50%, and 100% of all grains (i.e., that are either enriched or forti-
fied) in the American diet

FIGURE 6 Percentage of adults below the EAR for thiamin when select grain foods are removed from the current diet. Data are for adults
aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for thiamin (6.5%). EAR, estimated
average requirement; RTEC, ready-to-eat cereals.
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FIGURE 7 Percentage of children/adolescents below the EAR for thiamin when select grain foods are removed from the current diet.
Data are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR
for thiamin (1.2%). EAR, estimated average requirement; RTEC, ready-to-eat cereals.

Methods
NHANES is a nationally representative, cross-sectional survey of US
noninstitutionalized, civilian residents. Data are collected by the Na-
tional Center for Health Statistics of the CDC. Written informed con-
sent has been previously obtained for all participants or proxies, and the
survey protocol has been approved by the Research Ethics Review Board
at the National Center for Health Statistics. Data from the NHANES
2009–2016 data set were used to complete the analyses in children and
adults aged ≥19 y. Nutrient intake data for NHANES 2009–2016 are
from the USDA Food and Nutrient Database for Dietary Studies 2013–
2014 (FNDDS) (24). FNDDS provides the nutrient values for foods
and beverages reported in WWEIA, the dietary intake component of
NHANES for each data release. The WWEIA Food Categories provide

an application to analyze food and beverages as consumed in the Amer-
ican diet. The classification scheme includes 150 unique categories, and
there are 15 main food groups and 46 subcategories of foods. WWEIA
food categories have been previously published by the USDA (25).

In the current nutrient adequacy analyses, the modeling represented
theoretical removal of select grain foods (i.e., breads and RTECs) and all
grain foods from dietary patterns. The modeling exercise was meant to
amplify how removal of enriched and/or fortified foods such as grains
can impact nutrient adequacy in Americans.

The NHANES data set sample included 13,799 men and women par-
ticipants aged ≥19 y for whom there were reliable and complete 24-
h dietary intake data from WWEIA. Trained individuals complete the
24-h dietary recalls using USDA’s dietary data collection instrument, the
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FIGURE 8 Percentage of adults below the EAR for magnesium when select grain foods are removed from the current diet. Data are for
adults aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for magnesium (52.4%). EAR,
estimated average requirement; RTEC, ready-to-eat cereals.
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FIGURE 9 Percentage of children/adolescents below the EAR for magnesium when select grain foods are removed from the current diet.
Data are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR
for magnesium (34.5%). EAR, estimated average requirement; RTEC, ready-to-eat cereals.

Automated Multiple-Pass Method, which includes detailed descriptions
of all food and amounts consumed by subjects (26).

Two days of 24-h dietary recalls were used to determine usual in-
takes with the National Cancer Institute method (27, 28). Usual in-
take means, percentiles, and percentages meeting National Academy of
Medicine DRI cutoffs [i.e., estimated average requirement (EAR) and
Adequate Intake (AI)] were estimated using version 2.1 of the National
Cancer Institute method and were used to evaluate the impact of grain
removal. The percentage of the population below the EAR or above the
AI were assessed using the cut-point method, except for iron, which
was assessed using the probability method (29). Covariates used in the
analysis were day sequence, weekend, DRI age groups, and gender. The
removal modeling scenarios were as follows: 1) “as is” dietary intake to
represent the current nutrient intake; 2) 25%, 50%, and 100% removal

of breads [WWEIA category 4202 (yeast breads)]; 3) 25%, 50%, and
100% removal of yeast breads and RTECs (WWEIA category 4202 or
subgroup 46); and 4) 25%, 50%, and 100% removal of all grain foods
(WWEIA main group 4; fortified and/or enriched grains).

All statistical analyses were performed using SAS software version
9.2 (SAS Institute). While NHANES makes available nutrients from di-
etary supplements, the present analysis did not include dietary sup-
plements in the analysis to focus on nutrients solely from food and
beverages.

Results
Nutrient adequacy results in children and adults following the removal
of breads, bread and RTECs, and all grains are shown in Figures 1–13
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FIGURE 10 Percentage of adults below the EAR for calcium when select grain foods are removed from the current diet. Data are for
adults aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for calcium (42.1%). EAR,
estimated average requirement; RTEC, ready-to-eat cereals.
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FIGURE 11 Percentage of children/adolescents below the EAR for calcium when select grain foods are removed from the current diet.
Data are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR
for calcium (43.8%). EAR, estimated average requirement; RTEC, ready-to-eat cereals.

(note: data for dietary fiber intake in children are not shown as current
dietary patterns show that <1% of children are above the AI for fiber
intake). NHANES 2009–2016 data show that large percentages of the
American population are not meeting recommendations set forth by
authoritative guidelines. In addition, the current analysis demonstrates
that the grain food category is an integral component of nutrient
adequacy in both children and adults. Indeed, reducing the percentage
of breads and RTECs consumed in the diet resulted in more children
and adults not meeting recommendations for several nutrients, thus
increasing nutrient inadequacy in the American population. Similarly,
removing all grain foods from the diet resulted in more children and
adults falling below recommendations for several nutrients, including
shortfall nutrients as identified by 2015–2020 DGA.

The current modeling analysis to remove grain foods from the
American diet aligns with findings in several published studies consid-

ering enriched grain foods. Previous data outline the critical nutritional
component of the inclusion of enrichment and fortification practices in
dietary patterns. Specifically, previous modeling shows that for dietary
patterns that do not include enrichment and fortification of foods, the
percentage of American children and adults not meeting recommen-
dations for calcium, iron, folate, vitamin A, vitamin C, vitamin E, vi-
tamin D, and thiamin substantially increases. Modeling evidence also
supports decreases in inadequate intakes of iron, folate, and vitamins
A and D when nutrients are added via enrichment and fortification
methods (30). Grain food studies, using data from NHANES, further
support the functional benefits of enrichment and fortification prac-
tices. Fortified RTEC has been shown to be a key facilitator in helping
Americans meet recommended nutrient intakes. Indeed, RTEC con-
sumption in children resulted in significant increases in iron, zinc, vi-
tamin A, vitamin B-6, vitamin E, vitamin D, thiamin, niacin, and fo-
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FIGURE 12 Percentage of adults below the EAR for zinc when select grain foods are removed from the current diet. Data are for adults
aged ≥19 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for zinc (16.0%). EAR, estimated
average requirement; RTEC, ready-to-eat cereals.
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FIGURE 13 Percentage of children/adolescents below the EAR for zinc when select grain foods are removed from the current diet. Data
are for children/adolescents aged 2–18 y; NHANES: 2009–2016. The black line represents the percentage of adults below the EAR for zinc
(8.6%). EAR, estimated average requirement; RTEC, ready-to-eat cereals.

late intake. Likewise, consumption of RTECs resulted in significant in-
creases in iron, zinc, niacin, riboflavin, thiamin, and vitamins A, B-
6, B-12, and E (31). When considering all Americans (i.e., aged ≥2
y), recent data from NHANES also show that enriched and fortified
grain foods are a major source of numerous vitamins and minerals in
the overall diet, thus lending additional evidence to support the notion
that enrichment and fortification help reduce nutrient intake shortfalls
in the US diet (11). Earlier NHANES data (2003–2006) demonstrated
that fortified grain products contribute meaningful nutrient adequacy
for vitamins and minerals in American children, without attaining ex-
cessive intakes (32). Others have suggested that approximately half of
the American population would present inadequate intakes for thiamin
without current enrichment and fortification policies compared with
current policies that demonstrate only 5% of the population exhibit
inadequate intakes. Likewise, without mandated fortification of folic

acid in grain foods, ∼9 out of 10 Americans would exhibit inadequate
intake compared with 10% with consumption of fortified grain foods
(33).

Although the current analysis demonstrates the important con-
tributions that enriched and fortified grain foods provide to di-
etary patterns, there are limitations that can be further explored
in future studies. For example, the current analysis did not inves-
tigate the removal of indulgent grain foods (i.e., cakes, cookies,
pies, etc.) from the American diet. In addition, the it did not con-
sider modeling outcomes for added sugar, sodium, and saturated fat
when specific grain foods are removed from the diet. Because the
2015–2020 DGA has reported that grain foods can be a substantial
source for added sugar, sodium, and saturated fat (1), the assump-
tion is that removal of breads and cereals in the diet will coincide
with reductions in these nutrients. Nonetheless, reductions in added

P < 0.0001 P < 0.0001 P < 0.0001

FIGURE 14 BMI trends from 1988 to 2016 in US adults. NHANES (1988–2016): N for men = 21,731; N for women = 21,537.
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P < 0.0001 P < 0.0001 P < 0.0001

FIGURE 15 Waist circumference trends from 1988 to 2016 in US adults. NHANES (1988–2016): N for men = 21,731; N for
women = 21,537.

sugar, sodium, and saturated fat by grain food manufacturers will
likely have an impact on intakes and should be monitored in future
research.

Expert Panel Consensus

1. Grain foods make meaningful contributions to nutrient adequacy
in the diet of US children and adults.

2. Currently with US typical dietary patterns, a large percentage
of children and adults are not meeting recommendations set
forth by authoritative dietary guidance. Removing portions or
all of certain whole and refined grain foods from the diet can
further exacerbate nutrient inadequacies in US children and
adults.

3. Similarly, removing refined grains from the diet results in more
children and adults falling below recommendations for shortfall
nutrients as identified by 2015–2020 DGA.

Part 3 Expert Panel Discussion: Is Refined Grain Food
Consumption a Contributing Factor in Overweight and
Obesity?

Numerous prospective cohort studies have documented the health ben-
efits linked to whole grain consumption (34–44), with limited data avail-
able to ascertain the health implications of refined grain consumption.
A recent review by Gaesser (45) summarized evidence linking increased
whole grain consumption with reduced risk for several disease out-
comes, including type 2 diabetes, cardiovascular disease, and all-cause
mortality. The review further acknowledges that in order to “achieve
the recommended balance of whole and refined grain intake, it would
require increasing whole grain intake while simultaneously decreas-
ing intake of refined grains” (45). The 2015 Dietary Guidelines Ad-
visory Committee (DGAC) scientific report encouraged reduction of
refined grain consumption based on evidence that a dietary pattern with
lower refined grain foods is linked with reduced risk for cardiovascu-

P = 0.016 P = 0.10 P = 0.007

FIGURE 16 Whole grain intake (oz eq) trends from 1988 to 2016 in US adults. NHANES (1988–2016): N for men = 21,731; N for
women = 21,537.
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P = 0.84 P = 0.32 P = 0.07

FIGURE 17 Refined grain intake (oz eq) trends from 1988 to 2016 in US adults. NHANES (1988–2016): N for men = 21,731; N for
women = 21,537.

lar disease, type 2 diabetes, and obesity (19). The expert panel discus-
sion remained focused on the latter and asked the following question:
Is there evidence to support that refined grain consumption negatively
contributes to weight-related outcomes? Gaesser (45) reviewed the lit-
erature focusing on refined grain consumption and weight-related out-
comes and reported the following:

1. No meta-analyses on the association between refined grain intake
and measures of body weight or body fat have been conducted.

2. Three systematic reviews reported no consistent relation between
refined grain intake and BMI or measures of adiposity (46–48).

3. Several cohort studies show no association between refined grain
consumption and BMI (35, 39, 40, 43, 49–53).

4. Although several studies have demonstrated a positive association
between refined grain intake and BMI (50, 54–59) or body fat (60),
the magnitude of the difference between extremes of refined grain
intake is typically very small and, thus, clinical relevance of the
findings remains to be determined.

As a result of these data being presented to the expert panel and, con-
currently, recognizing that limited data are available that consider whole

grain, refined grain, and bread intakes in relation to weight parameters,
the expert panel focused discussion around conducting trend analyses
to address this gap in the literature. Thus, several trend analyses were
conducted using data from NHANES III (1988–1994) and NHANES
1999–2016. Adults (aged ≥18 y, n = 43,268) were included in the anal-
yses following exclusions for unreliable data and pregnant or lactating
women.

Results support significant elevations in BMI and waist circumfer-
ence in all American adults from 1988 through 2016 (Figures 14 and 15).
However, although whole grain intake (Figure 16) has only modestly
increased in women, and not men, refined grain consumption (Figure
17) has not significantly increased. Coinciding with these results, bread
intake has significantly decreased in American adults during the same
time period (Figure 18). The temporal dissociation between increases in
BMI and waist circumference and no change in refined grain intake and
decreases in bread consumption are not consistent with the perception
that refined grains and bread contributed to increased obesity preva-
lence between 1988 and 2016. The current NHANES trend analyses fur-
ther lend support to the discussion and questions raised by Gaesser (45),
such that refined grains are 1 food component of the unhealthy West-

P < 0.0001 P < 0.0001 P < 0.0001

FIGURE 18 Bread intake (g) trends from 1988 to 2016 in US adults. NHANES (1988–2016): N for men = 21,731; N for women = 21,537.
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ern dietary pattern—an eating pattern associated with increased obesity
risk. Consequently, it is justified to ask whether each food group in this
dietary pattern independently contributes to increased risk of obesity,
as has been described by DGAC (19), or whether it is possible that the
higher risk is not due to refined grain intake but instead is a consequence
of “guilt by association” with other foods in the dietary pattern.

Previous work examining grain food patterns of consumption by
US adults reported that although all grain food patterns were asso-
ciated with higher daily calories, no significant associations were ob-
served with weight-related outcomes, including BMI and waist circum-
ference, compared with adults not consuming grain foods (3). Nonethe-
less, adults consuming a grain pattern predominantly composed of
pasta, cooked cereals, and rice had significantly lower body weights
and smaller waist circumferences compared with adults not consuming
grain foods. Furthermore, these adults had a 27% reduced risk of being
overweight or obese and a 31% reduced risk of having an increased waist
size (3). A similar analysis that examined associations between grain
patterns of consumption and weight-related parameters in children and
adolescents also revealed that energy intake was significantly higher for
children in several grain patterns. However, children and adolescents
consuming several grain food patterns predominantly composed of re-
fined grains had a significantly lower risk of being overweight or obese
compared with those consuming no grain foods. In addition, compared
with children and adolescents not consuming grains, those consuming
several grain foods had lower BMI z scores (4).

Expert Panel Consensus

1. Available scientific evidence does not support the notion that re-
fined grain consumption is linked to increased risk of overweight
and obesity.

2. Limiting consumption of indulgent refined grains, due to contri-
butions of calories, added sugar, sodium, and saturated fat, may
be necessary within dietary patterns.

3. Evolving dietary guidance needs to evaluate emerging grain re-
search to address the nutritional relevance of certain refined grain
foods within dietary patterns.

Part 4 Expert Panel Discussion: Are There Gaps in the
Current Scientific Literature Pertaining to Grain Foods and
Health?

As previously discussed, recommendations to increase whole grains are
supported by numerous epidemiological studies that have linked greater
whole grain intake to several nutrition and health-related benefits. The
2015–2020 DGA (1) has been explicit in guidance to increase consump-
tion of whole grains while concurrently limiting consumption of re-
fined grain foods. However, although 2015–2020 DGA has suggested
that at least half of all recommended servings be consumed as whole
grains, rationale has also been provided for the inclusion of refined
grains within dietary patterns. Specifically, 2015–2020 DGA stated that
modeling analyses demonstrate that without the inclusion of refined
grain in dietary patterns, many Americans would fall short of recom-
mendations for several nutrients (1). Thus, based on the available ev-
idence, the expert panel was in agreement to continue support of di-

etary guidance to increase whole grain consumption in the American
diet. However, the expert panel further initiated discussions regarding
whether current categorization of grain foods should go beyond whole
and refined grains. Data published in the past decade have begun to call
into question whether all grains not classified as “whole” fall into the
“refined grain” categorization. Indeed, classifying all grains that are not
“whole grains” into the 1 category of refined grains may not be a justi-
fied nor a nutritionally valid representation of the nutrient contribution
provided by many nutrient-dense enriched grain foods that are deemed
to be refined grains, including breads, rolls, cooked cereals, and RTECs.
Previous surveys have reported that only 5% of Americans consume
the minimum recommended amount of whole grains, with the average
American consuming <1 oz eq of whole grains per day (2, 5). It can be
assumed that the predominant type of grains consumed by Americans,
based on NHANES data, is refined and/or enriched grains. Recent anal-
yses using NHANES 2009–2012 demonstrated that grain foods are con-
tributors of the 2015–2020 DGA underconsumed nutrients and nutri-
ents of public health concern (6–8), including dietary fiber, folate, mag-
nesium, calcium, and iron. When considering subcategories of grain
foods, breads, rolls, tortillas, and RTECs were meaningful contributors
(i.e., ≥10% in the diet) of dietary fiber, thiamin, folate, iron, zinc, and
niacin to the American diet of children and adolescents.

Expert Panel Consensus

1. The current categorization of refined grain foods may need fur-
ther delineation, particularly because current evidence suggests
differences in nutrient contribution from breads and cereals com-
pared with indulgent grain foods such as cakes, cookies, and pies.

2. Future research should consider distinguishing different types of
refined grain foods with the goal of potentially creating an addi-
tional classification of grains that goes beyond whole and refined.
For example, dietary pattern–focused research needs to separate
refined grains (i.e., breads and cereals from cakes, cookies, and
pies) when assessing nutrient intake, diet quality, and health-
related outcomes.

3. Future research needs to repeat currently available analyses with
epidemiological-based databases other than NHANES. For exam-
ple, the expert panel recommends conducting analyses using large
cohorts, including the Nurses’ Health Study and Health Profes-
sional Follow-Up Study, in which refined grains are further dis-
tinguished (i.e., refined grain categories need to differentiate be-
tween breads and cereals and cakes, cookies, and pies, etc.).
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