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BSTRACT
ackground The consumption of whole grains and its as-
ociation with nutrient intake has not been assessed in a
ecent nationally representative population.
bjective To examine the association of consumption of
hole grains, using the new whole-grain definition, with
iet quality and nutrient intake in a recent, nationally
epresentative sample of adults.
esign Secondary analysis of cross-sectional data from
999-2004 National Health and Nutrition Examination
urvey.
articipants and methods Adults aged 19 to 50 years
n�7,039) and aged 51 years and older (n�6,237).
ain outcome measures Participants were divided into four
hole-grain consumption groups: �0 to �0.6, �0.6 to
1.5, �1.5 to �3.0, and �3.0 servings (ounce equiva-

ents)/day. Macro- and micronutrient intakes and diet
uality, using the Healthy Eating Index, were deter-
ined for each group.

tatistical analyses Sample weights were applied. The per-
entages of adults in whole-grain consumption groups
ere calculated. The covariates used were energy, ethnic-

ty, sex, and age. Least-square means were calculated.
for linear trend analysis was determined using whole-

rain intake as a linear covariate. A P value of �0.05 was
onsidered significant.
esults Adults aged 19 to 50 and 51� years consumed a
ean of 0.63 and 0.77 servings of whole grains per day,

espectively. For both age groups, diet quality and intake

. E. O’Neil is Class of 1941 alumni professor, and M.
anovec is a research associate, Louisiana State Univer-
ity Agricultural Center, School of Human Ecology, Baton
ouge, LA. T. A. Nicklas is a professor, Department of
ediatrics, USDA/ARS Children’s Nutrition Research
enter at Baylor College of Medicine, Houston, TX.
. Cho is a statistician, NutraSource, Clarksville, MD.
Address correspondence to: Carol E. O’Neil, PhD,
PH, RD, LDN, Louisiana State University AgCenter,
chool of Human Ecology, Baton Rouge, LA 70803.
-mail: coneil1@lsu.edu
Manuscript accepted: April 19, 2010.
Copyright © 2010 by the American Dietetic

ssociation.
0002-8223/$36.00
pdoi: 10.1016/j.jada.2010.07.012

2010 by the American Dietetic Association
f energy, fiber, and polyunsaturated fatty acids were
ignificantly higher in those consuming the most servings
f whole grains. Intake of total sugars (19 to 50 year age
roup only), added sugars, saturated fatty acids, mono-
nsaturated fatty acids, and cholesterol was significantly

ower in those consuming the most servings of whole
rains. Intake of all micronutrients, except vitamin B-12
nd sodium, was higher among individuals who con-
umed the most servings of whole grains.
onclusions Overall consumption of whole grains in the US
opulation was low using the recently updated whole-
rain definition. Adults who consumed the most servings
f whole grains had better diet quality and nutrient
ntakes.

Am Diet Assoc. 2010;110:1461-1468.

n the United States, wheat, oats, rice, maize, and bar-
ley are the most commonly consumed whole grains,
with wheat comprising 66% to 75% of the total (1). The

ajority of grains consumed in the United States are
efined grains (2-6) rather than whole grains. Whole
rains include cereal grains that consist of the intact, or
round, cracked, or flaked fruit of the grains whose prin-
ipal components are present in the same proportions as
hey exist in the intact grain (7,8). Whole grains are
utrient-dense foods composed of starch; nonstarch poly-
accharides; protein; lipids; B vitamins, including thia-
in, niacin, riboflavin, and panthothenic acid; vitamin E;
inerals, including calcium, magnesium, potassium,

hosphorus, iron, and sodium; and flavonoids and other
hytochemicals (1,9,10).
Consumption of whole grains, unlike consumption of re-

ned grains, has been associated with a lower risk of car-
iovascular disease and stroke (11,12), hypertension (5,11),
nsulin sensitivity (13), type 2 diabetes mellitus (14), meta-
olic syndrome (15), obesity (16), and some types of cancer
17). The mechanisms of these beneficial effects are not
lear, and components of whole grains may work alone or
ynergistically to provide health benefits (1,18).

The 2005 Dietary Guidelines Advisory Committee rec-
mmended that at least three servings of whole grains
er day be consumed by healthy individuals (19). The
asis of this recommendation was that consumption of
hree or more servings of whole grain was associated with
0% to 30% reduced risk of coronary heart disease
12,20). This is in agreement with the recommendation

romulgated by Healthy People 2010 to “increase the
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roportion of persons aged 2 years and older who con-
ume at least six daily servings of grain products, with at
east three being whole grains.” (21). The US Food and
rug Administration allows health claims for whole-
rain foods that contain �51% whole-grain ingredient(s)
y weight per reference amount customarily consumed
22). Determining whole-grain intake has been difficult;
ntil recently, there was no consistent definition of whole
rains, and studies quantifying intake or assessing
ealth effects have used different definitions (7,23,24).
acobs and colleagues (25) recommended a definition of
hole-grain foods as those with 25% or more whole grain
r bran content by weight. Several epidemiologic studies
ave used this definition (11,26); however, the amount of
hole grains in each serving can vary considerably, and

his method did not separate bran content added during
rocessing. Jensen and colleagues (27) calculated whole-
rain intake by determining the whole-grain content of
ll grain foods according to the dry weight of whole-grain
ngredients; in that study whole-grain intake was calcu-
ated with and without bran and germ. A new definition
f whole grain, recently applied to the MyPyramid Equiv-
lents Database (MPED), excludes added bran and
earled barley; most published studies have not used this
ewer definition.
The problem of quantifying whole-grain intake, and

he subsequent health effects, has also been compli-
ated by the use of different diet assessment instru-
ents (11,16,26) used in observational studies and some-

imes by participants’ understanding of whole grains
hen dietary intake data were collected. The US Depart-
ent of Agriculture’s (USDA) Pyramid Servings Data-

ase provides quantified measures of whole-grain foods
28), and this database now provides information with
nd without added bran and pearled barley.
Historically, consumption of whole grains has been low.
sing data from the Continuing Survey of Food Intake by

ndividuals, Cleveland and colleagues (2) showed that
merican adults consumed an average of 6.7 servings of
rain products per day; however, only 1.0 serving was
rom whole grain. In that study, only 8% of individuals
onsumed at least three servings of whole grain per day.
ow intake of whole grains has been shown for all ethnic
nd income groups (4). More recently, using data from the
999-2000 National Health and Nutrition Examination
urvey (NHANES), it was shown that only 6% of women
onsumed three or more servings of whole grain and that
0% of the final sample consumed no whole grains at all
n the day of the recall (16). Data from 2001-2002
HANES also showed that �10% of grain products con-

umed were whole grains (29).
Studies looking at nutrient intake related to whole

rains are limited, either in the population used or in the
umber of nutrients examined and they have used an
lder definition of whole grains (24); however, the studies
ave suggested there is improved overall nutrient intake
hen whole grains are a part of the diet when compared

o refined grains (3,5,15,27,30). The purpose of this study
as to examine the relationship between whole-grains

onsumption, using the new definition for whole grain,
nd diet quality and nutrient intake in a recent, nation-

lly representative sample of adults. g

462 October 2010 Volume 110 Number 10
ARTICIPANTS AND METHODS
ata Collection
he continuous NHANES is a cross-sectional survey that
ollects data about the nutrition and health status of the
S population using a complex, multi-stage, probability

ampling design. Data are released in 2-year increments;
nd as recommended by NHANES, the data sets from
999-2000, 2001-2002, and 2003-2004 were combined
31) and analyzed.

For data collection years 1999-2002, a single multiple-
ass 24-hour dietary recall was conducted during the
nterview using computer-assisted software to record di-
tary intake data from participants (32). In 2003-2004, 2
ays of intake were collected; however, for this study,
nly the data from the interview administered recall (first
ecall) was used to ensure consistency of intake method-
logy for this study. Detailed descriptions of the dietary
nterview methods are provided in the NHANES Dietary
nterviewer’s Training Manual, which includes pictures
f the Computer-Assisted Dietary Interview system
creens, measurement guides, and charts used to collect
ietary information (33).

articipants and Whole-Grain Consumption Categories
he NHANES data collected during 1999-2004 were used

n a secondary analysis to examine the relationship be-
ween whole-grain consumption and diet quality and nu-
rient intake in adults 19 to 50 years of age (n�7,039) and
1 years of age and older (51�) (n�6,237). These age
roups were selected based on the Dietary Reference In-
ake (DRI) age groupings (34-36). Pregnant and lactating
omen (n�993) were excluded from the analyses. In ad-
ition, there were six foods that were introduced in 2003
hat could contain whole grains; however, there was no
nformation to calculate the whole-grain content of these
oods. The foods included Milk n’ Cereal bar (General

ills, Minneapolis, MN), several character cereals, Berry
urst Cheerios (General Mills), Fruit Harvest cereal

Kellogg, Battle Creek, MI), and Optimum Nature’s Path
Nature Path’s Foods, Richmond, BC, Canada). The 31
dults who consumed at least one of these six products
ere excluded from the sample. Due to the nature of the
nalysis (secondary data analysis), and the lack of per-
onal identifiers, this study was deemed exempt by the
nstitutional Review Board of the Louisiana State Uni-
ersity AgCenter.
Participations were categorized into one of four whole-

rain consumption groups: �0 to �0.6 servings, �0.6 to
1.5 servings, �1.5 to �3.0 servings, and �3.0 servings/
ay (ounce equivalents). The cutoffs and number of
roupings were based on enough groupings so that effects
ere relatively constant within each group, groupings

hat contained larger numbers of observations to allow
etection of differences, and groupings that covered dis-
inct ranges that can be seen relative to common eating
abits and recommendations.
Whole-grain intake was calculated using the new defi-

ition for whole grains (excluding added bran and pearled
arley) as outlined by the USDA Pyramid servings data-
ase (28). An ounce equivalent is a comparable amount of
arious foods used as a standard of comparison within the

rain food group (28). An ounce equivalent (one serving)
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f grains is the amount of food considered equivalent to 1⁄2
cooked rice, pasta, or cooked cereal; 1 oz dry pasta or

ice; one slice bread; one small muffin (1 oz); and, 1 c
eady-to-eat cereal flakes.

The MPED for USDA Survey Food Codes, versions 1
24) and 2 (38), were used in NHANES 1999-2002 and
003-2004, respectively, to calculate whole-grain intake.
he MPED is currently the only database available that
rovides quantified measures of whole-grain foods with
eparate tables based on the old and new (without bran
nd pearled barley) definitions for whole grain. The
PED food data files contain the number of servings (or

unce equivalents) per 100 g food by 32 MyPyramid food
roups, three of which include whole grain, non–whole
rain, and total grain.

utrient Analysis
he USDA Food and Nutrient Database for Dietary Stud-

es, version 1 and version 2, were used in NHANES,
001-2002 and 2003-2004, respectively. The USDA
994-98 Survey Nutrient Database was used to process
he dietary interview data in NHANES, 1999-2000. In
he original release of NHANES, 1999-2000, data on vi-
amin E intake data were only available in milligrams
-tocopherol equivalents and only total folate intake data
ere available. Currently, DRIs for vitamin A, vitamin E,
nd folate are expressed as micrograms retinol activity
quivalents, milligrams �-tocopherol, and dietary folate
quivalents, respectively (34-36). The special database
eleased by USDA to determine vitamin E as milligrams
-tocopherol (37) was used. The Food and Nutrient Da-
abase for Dietary Studies was used to append the in-
akes of folate and total sugars to the NHANES, 1999-
000, database. Added sugars food composition data were
btained from the Pyramid Servings Database for USDA
urvey Food Codes, version 2.0 (38). Added sugars were
efined by the USDA as white sugar, brown sugar, raw
ugar, corn syrup, corn syrup solids, high fructose corn
yrup, malt syrup, maple syrup, pancake syrup, fructose
weetener, liquid fructose, honey, molasses, anhydrous
extrose, crystal dextrose, and dextrin that are eaten
eparately or used as ingredients in processed or pre-
ared foods.
The Healthy Eating Index (HEI) was calculated using a

tatistical Analysis Software (SAS) template (39). To calcu-
ate HEI, “discretionary solid fat” and “discretionary oil” are
eeded. The MPED (version 2), which was used to calculate
he new definition of whole grain, only provides “Total Dis-
retionary Fats” as a single group. To overcome this issue, a
atio of “Discretionary Oil to Discretionary Solid Fat” was
reated for each food using the MPED (version 1), which has
hese fats separated.

tatistical Analysis
ample-weighted data were used in all statistical analy-
es, and all analyses were performed using SUDAAN
release 9.0.1, 2005, Research Triangle Institute, Re-
earch Triangle Park, NC) using a modified 6-year weight
ample (40). A 6-year weight variable was created by
ssigning two thirds of the 4-year weight for 1999-2002 if

he person was sampled in 1999-2002 or assigning one w
hird of the 2-year weight for 2003-2004 if the person was
ampled in 2003-2004 (40). The covariates used were
nergy, sex, ethnicity, and age, which were obtained di-
ectly from the NHANES datasets. The sample-weighted
ercentages (and standard error of the percentages) of
dults in whole-grain consumption groups were calcu-
ated using PROC CROSSTAB of SUDAAN. Unadjusted

eans and standard errors were also calculated using
ROC DESCRIPT of SUDAAN. Least-square means and
tandard errors were calculated using PROC REGRESS
f SUDAAN. P for trend was calculated by using
UDAAN with whole-grain intake as a linear covariate.
P value of �0.05 was considered significant.

ESULTS
ervings of Whole Grains Consumed
able 1 shows the mean number of whole grains con-
umed by the two age groups. Adults aged 19 to 50 years
onsumed an average of 0.63 servings of whole grains per
ay, whereas adults 51� years consumed an average of
.77 servings of whole grains per day. Only 4.8% and
.6% of individuals in these age groups, respectively,
onsumed the recommended number of servings (three or
ore) daily. Adults aged 19 to 50 years and 51 years and

lder, 72.1% and 70.1%, respectively, consumed 0.6 serv-
ngs of whole grain or less.

ean HEI and Nutrient Intakes
or adults aged 19 to 50 years and 51 years and older,
ean HEI scores were significantly higher in those with

igher consumption of whole grains than in those con-
uming fewer servings (Tables 2 and 3). Intakes of en-
rgy, carbohydrates, and fiber were all significantly
igher when more servings of whole grains were con-
umed. Intake of added sugars, saturated fatty acids,
onounsaturated fatty acids, and cholesterol showed a

ignificant decreasing trend with an increased number of
ervings of whole grains consumed. For adults aged 19 to
0 years and 51� years, intakes of the micronutrients,
xcept vitamin B-12 and sodium, were higher when more
ervings of whole grains were consumed (Tables 2 and 3).

ISCUSSION
hese data indicate that although overall consumption of

Table 1. The number of servings of whole grain consumed by
adults, according to data from the 1999-2004 National Health and
Nutrition Examination Survey

Servings of
Whole Grain

Age (y)

19-50 (n�7,039) 51� (n�6,237)

0.63 0.77

Mean n % n %

�3.0 341 4.8 413 6.6
�1.5 to �3.0 678 9.6 761 12.2
�0.6 to �1.5 943 13.4 691 11.0
�0 to �0.6 5,077 72.1 4,372 70.1
hole grain in the US population is low, consumption of
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hole grains is associated with improved diet quality and
utrient intake. The number of servings of whole grains
onsumed was very low in both age groups examined.
ore than 70% of adults failed to consume the mean

umber of servings of whole grains. In adults aged 19 to
0 years, the percentage consuming three or more serv-
ngs of whole grain was �5%. This intake is lower than
everal recent studies (4,11), but was similar to another
tudy (41). This is likely the result of the change in the
efinition of whole grains or the database used.
A wide variety of reasons for consumers not choosing
hole grains have been put forward, and include a lack of
nderstanding of the health benefits, an inability to iden-
ify or purchase whole grains, an inability to incorporate
hole grains into the family lifestyle, a lack of familiarity
ith preparation methods, the higher price of some
hole-grain products, and the reported poor taste or tex-

ure (6,42-45). Evidence suggests that whole grains are

Table 2. Diet quality and adjusteda nutrient intake of adults aged 1
1999-2004 National Health and Nutrition Examination Survey

Nutrient

Total Population >0 to <0.6

n�7,039 n�5,077

LSMb LSSEc LSM LSS

Macronutrient
Whole-grain servings 0.71 0.02 0.09 0.
Healthy Eating Index 49.19 0.19 46.49 0.
Energyd (kcal) 2,413.02 14.07 2,340.46 17.
Protein (g) 87.79 0.41 88.01 0.
Carbohydrate (gm) 297.59 1.06 292.37 1.
Fiber (g) 15.67 0.13 13.85 0.
Total sugar (g) 145.16 1.07 146.72 1.
Added sugar (g) 25.86 0.27 27.09 0.
Total fat (g) 89.17 0.38 89.42 0.
Saturated fatty acids (g) 29.58 0.16 29.82 0.
Monounsaturated fatty acids (g) 33.65 0.16 33.80 0.
Polyunsaturated fatty acids (g) 18.12 0.13 17.93 0.
Cholesterol (mg) 302.77 3.00 318.93 3.
Micronutrient
Vitamin A (retinol equivalents) 690.09 12.63 644.95 15.
Vitamin C (mg) 92.12 1.43 88.09 1.
Vitamin E (mg �-tocopherol) 7.94 0.09 7.58 0.
Vitamin B-6 (mg) 1.93 0.01 1.81 0.
Vitamin B-12 (�g) 5.34 0.11 5.25 0.
Folate (�g dietary folate

equivalents) 411.15 3.07 380.72 3.
Calcium (mg) 908.90 7.72 863.31 8.
Magnesium (mg) 291.94 1.64 271.28 1.
Potassium (mg) 2,779.40 14.09 2,733.68 17.
Phosphorus (mg) 1,408.31 6.01 1,365.03 7.
Iron (mg) 16.10 0.11 14.81 0.
Sodium (mg) 3,702.82 19.01 3,680.43 23.

aCovariates used were energy, sex, ethnicity, and age.
bLSM�least square mean.
cLSSE�least square standard error.
dFor energy only, covariates used were sex, ethnicity, and age.
ess available in foodservice operations than in the home w

464 October 2010 Volume 110 Number 10
46). Because of these problems, it is important for health
rofessionals, industry, government, and public health
ampaigns to promote the consumption of whole grains
ore vigorously (10). Registered dietitians should play a

ey role in the promotion of consumption of whole grains;
owever, some lack general knowledge about whole
rains and ways to promote them (47,48). Health claims
n Nutrition Facts panels are another way to help in-
rease whole-grain consumption (46); however, consum-
rs may be confused by nutrition labels and misunder-
tand the meaning (49,50). What is lacking is a national
hole-grain campaign, such as the 5-A-Day campaign

hat promotes intake of fruit and vegetables (51,52).
In this study, it was found that consumption of whole

rains was associated with energy intake. Other studies
ave also shown this (3,5,16,26). Most of these studies
3,16,26) showed that whole-grain consumption was also
ssociated with decreased body mass index. Given that

0 y by whole-grain consumption group, according to data from the

No. of Servings

P for
trend

>0.6 to <1.5 >1.5 to <3.0 >3.0

n�943 n�678 n�341

LSM LSSE LSM LSSE LSM LSSE

1.01 0.01 2.12 0.02 4.65 0.11 —
53.04 0.48 55.45 0.56 59.23 0.89 �0.0001

2,468.56 36.78 2,609.04 41.75 2,753.48 56.92 �0.0001
88.52 1.01 86.69 1.32 85.33 1.73 0.1162

302.28 2.61 307.04 3.12 329.43 4.46 �0.0001
16.89 0.30 20.33 0.51 25.11 0.69 �0.0001

144.29 2.70 139.15 3.00 140.54 4.25 0.0090
24.71 0.66 22.25 0.70 21.20 1.05 �0.0001
89.96 0.95 88.21 1.26 85.97 1.71 0.0525
30.08 0.41 29.00 0.52 26.63 0.69 �0.0001
34.30 0.41 33.05 0.53 31.37 0.72 0.0011
17.76 0.29 18.52 0.42 20.56 0.64 �0.0001

294.08 7.22 261.37 8.25 213.00 10.28 �0.0001

748.55 31.70 787.65 40.37 888.13 49.15 0.0000
97.00 3.76 98.00 4.40 116.21 9.24 0.0021
8.21 0.19 9.18 0.48 9.21 0.39 �0.0001
2.12 0.04 2.20 0.06 2.27 0.10 �0.0001
5.62 0.25 5.85 0.32 4.68 0.28 0.9783

467.18 9.11 482.54 12.47 490.82 18.80 �0.0001
974.95 17.11 1045.61 34.89 1015.89 34.63 �0.0001
305.90 3.47 343.59 7.11 401.82 8.67 �0.0001

2,835.11 35.04 2,881.73 43.68 2,982.19 73.68 �0.0001
1,464.26 14.45 1,505.59 21.87 1,591.16 29.61 �0.0001

17.61 0.27 19.77 0.53 20.40 0.72 �0.0001
3,800.92 51.49 3,718.55 59.11 3,687.14 83.84 0.4054
9 to 5

E

00
21
26
53
39
13
42
36
48
20
21
16
90

61
66
09
02
15

05
88
71
55
28
11
73
hole-grain foods are rich sources of dietary fiber, more
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tudies are needed to separate out the protective effect of
hole grains on body weight independent of fiber intake.
ang and colleagues (5) showed that there was no differ-

nce in body mass index across whole-grain consumption
uintiles. What is not clear from these studies is whether
he additional energy intake came from grains or from
ther food sources. In general, those consuming more
hole grains had a healthier lifestyle (5,16,26), including

ncreased physical activity, reduced smoking, and con-
umed other foods generally thought to be healthy. This
as not shown by Newby and colleagues (3), so further

tudy would provide additional information to help un-
erstand the relationship of energy intake, weight, and
onsumption of whole grains.

Consumption of whole grains improved diet quality as
ndicated by the HEI score (53) across the grain consump-
ion groups. This was underscored by the improvement in
ntake in virtually all macro- and micronutrients exam-

Table 3. Diet quality and adjusteda nutrient intake of adults aged 51
the 1999-2004 National Health and Nutrition Examination Survey

Nutrient

Total Population >0 to <0.6

n�6,237 n�4,372

LSMb LSSEc LSM LSS

Macronutrient
Whole-grain servings 0.84 0.02 0.11 0.
Healthy Eating Index 55.37 0.22 51.60 0.
Energyd (kcal) 1,905.97 12.79 1,834.91 16.
Protein (g) 73.75 0.37 73.40 0.
Carbohydrates (g) 232.63 0.99 223.98 1.
Fiber (g) 15.73 0.14 13.31 0.
Total sugar (g) 106.85 0.90 105.63 1.
Added sugar (g) 15.43 0.22 16.26 0.
Total fat (g) 73.44 0.35 75.67 0.
Saturated fatty acids (g) 23.51 0.14 24.45 0.
Monounsaturated fatty acids (g) 27.22 0.15 28.18 0.
Polyunsaturated fatty acids (g) 15.76 0.13 15.88 0.
Cholesterol (mg) 268.96 3.29 291.24 4.
Micronutrient
Vitamin A (retinol equivalents) 749.02 13.43 690.70 17.
Vitamin C (mg) 93.05 1.37 87.28 1.
Vitamin E (mg �-tocopherol) 7.45 0.09 7.04 0.
Vitamin B-6 (mg) 1.77 0.01 1.61 0.
Vitamin B-12 (�g) 5.01 0.12 4.71 0.
Folate (�g dietary folate

equivalents) 376.74 3.00 345.89 3.
Calcium (mg) 772.48 6.95 728.84 8.
Magnesium (mg) 270.09 1.54 244.57 1.
Potassium (mg) 2,702.30 14.09 2,606.96 18.
Phosphorus (mg) 1,199.30 5.70 1,139.48 7.
Iron (mg) 14.81 0.12 13.21 0.
Sodium (mg) 3,083.46 18.00 3,098.55 24.

aCovariates used were energy, sex, ethnicity, and age.
bLSM�least square means.
cLSSE�lease square standard error.
dFor energy only, covariates used were sex, ethnicity, and age.
ned, except vitamin B-12 and sodium. This was not un- c
xpected since vitamin B-12 is found in foods from animal
ources and whole grains are low in sodium. The focus in
his discussion will be on the majority of the shortfall
utrients in the diets of adults (fiber; vitamins A, C, and
; calcium; magnesium; and potassium), as identified by

he Dietary Guidelines Advisory Committee (19). The
hortfall nutrients are found naturally in whole grains
1,23). Whole grains are not a good source of vitamins A or
; however, intake of both these vitamins increased in
oth age groups with increased consumption of whole
rains, suggesting that those individuals consuming
ore servings of whole grains may have an overall

ealthier diet than those consuming fewer servings. This
as demonstrated in this study where adults who con-

umed the most servings of whole grains had better over-
ll diet quality. More research is needed to examine
hether individuals who consume whole grains also con-

ume more of the other food groups, exercise more, and/or

d older by whole-grain consumption group, according to data from

No. of Servings

P for
Trend

>0.6 to <1.5 >1.5 to <3.0 >3.0

n�691 n�761 n�413

SM LSSE LSM LSSE LSM LSSE

1.00 0.01 2.07 0.02 4.62 0.10 —
60.00 0.53 62.15 0.60 65.17 0.78 �0.0001

,907.78 28.67 2,029.84 32.88 2,298.78 59.74 �0.0001
75.46 0.84 73.59 0.95 73.17 1.43 0.9332

238.08 2.06 247.51 2.62 268.56 3.77 �0.0001
17.07 0.28 19.90 0.38 26.22 0.75 �0.0001

109.04 1.90 111.90 2.37 103.04 3.45 0.7390
14.75 0.43 14.62 0.55 11.18 0.84 �0.0001
71.42 0.74 69.91 0.94 65.08 1.45 �0.0001
22.50 0.28 22.04 0.40 20.21 0.64 �0.0001
26.50 0.33 25.68 0.40 23.30 0.58 �0.0001
15.50 0.30 15.64 0.35 15.59 0.53 0.8213

250.71 7.41 230.75 7.98 185.89 12.62 �0.0001

801.84 29.35 828.29 30.39 994.19 68.12 0.0000
102.28 3.26 101.28 4.07 107.28 6.54 0.0003

7.65 0.21 8.64 0.40 8.31 0.42 �0.0001
1.94 0.03 2.06 0.05 2.24 0.09 �0.0001
5.95 0.51 5.29 0.23 4.88 0.34 0.1256

416.12 7.13 431.34 10.31 455.66 16.85 �0.0001
825.77 18.71 870.65 20.03 849.94 29.13 �0.0001
285.51 3.04 313.50 4.40 378.71 8.17 �0.0001
,825.41 31.04 2,860.17 42.03 2,963.55 63.74 �0.0001
,263.25 14.49 1,298.69 14.74 1,393.65 25.15 �0.0001

16.11 0.28 17.80 0.42 20.30 0.66 �0.0001
,067.82 43.98 3,034.79 46.15 3,078.13 64.54 0.6112
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onsume less added fats and added sugars.
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Fiber intake is associated with improved weight sta-
us, serum cholesterol levels, blood pressure, blood
ugar control, and laxation (54). The overwhelming
ajority of adults in the United States do not meet

heir fiber requirement (54,55). The DRI for men aged
9 to 50 years and 51� years is 38 g/day and 30 g/day,
espectively, and for women of those ages is 25 g/day
nd 21 g/day, respectively. As seen in this study, other
tudies have shown that increased whole grain con-
umption is associated with increased fiber intake
16,27). This study showed that on average those aged
9 to 50 years who consumed three or more servings of
hole grains approached the fiber requirement and

hose aged 51 years and older met the fiber require-
ent (data from men and women assessed separately,

ut not shown separately).
Epidemiologic evidence suggests that vitamin E intake

s associated with a reduced incidence of all cause and
ause-specific mortality (56). Less than 10% of the popu-
ation meets the Estimated Average Requirement for vi-
amin E from food alone (56). Vitamin E is found in whole
rains; however, only 5% (11) to 21% (57) of vitamin E is
etained as wheat is processed and it is not among the
utrients added in the enriching process. Although vita-
in E intake was improved in the study participants with

ncreased consumption of whole grains, the mean intake
id not approach the DRI of 15 mg/day for adults. Koh-
anerjee and colleagues (58) also showed an increased

ntake of vitamin E with increased intake of whole grains;
owever, that study included dietary supplements in the
utrient analysis. Results from this study suggest that
ther sources of vitamin E, such as vegetable oils, nuts,
eafy green vegetables, and fortified cereals should be
dded to a whole-grain-rich diet to help improve vitamin
intake.
Magnesium is an essential cofactor for more than 300
etabolic reactions; high intake is associated with an

nverse risk of type 2 diabetes (59) and metabolic syn-
rome (60). The relationship between magnesium intake
nd development of cardiovascular risk factors and hy-
ertension is less clear. Ford and Mokdad (61) showed in

nationally representative population of adults that
ost Americans do not meet the recommendations for
agnesium intake. On average in this study, those con-

uming three or more servings of whole grain met the
RI for magnesium (350 mg/day).
Potassium is the most abundant intracellular cation

nd plays an important role in membrane transport, en-
rgy metabolism, fluid balance, and cell functioning; po-
assium derangements can cause deterioration in cardiac
nd neurological functioning. Dietary potassium is also
nversely related to a risk of hypertension and stroke.

ean potassium intake in adults does not meet recom-
endations (62). This study showed that consumption of
hole grains was associated with increased potassium

ntake; however, even at the highest intake of more than
hree servings per day, mean intake fell short of the
ecommendation of 4,700 mg/day (63) by approximately
,700 mg/day. Other good sources of potassium, including
airy foods, fruit, and vegetables should be included in a

hole-grain–rich diet.
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imitations
his study had several limitations. NHANES is a cross-
ectional study; thus, causal inferences cannot be drawn.
he results may not reflect current intake and changes in
hole-grain consumption that may be a result of recent

hanges in food intake patterns, new food products, and
ontemporary diet trends. Participants relied on their
emory to self-report dietary intakes and, therefore, data
ere subject to nonsampling errors, such as underreport-

ng of energy and examiner effects. Further, 24-hour di-
tary recalls may not accurately reflect the usual dietary
ntake patterns of participants. Overall, however, the
ery large sample sizes, such as those available through
HANES, 24-hour recalls produce reasonably accurate
roup estimates of nutrient intake.

ONCLUSIONS
verall consumption of whole grains in the population

emains low using a recently updated definition; how-
ver, diet quality and nutrient profiles could be improved
ith greater consumption of whole grains. Whole-grain

onsumption should be encouraged by health profession-
ls, especially registered dietitians. Nutrition education
rograms that increase awareness, health benefits, and
onsumption of whole grains should be designed. Future
esearch needs include quantifying the effect that whole-
rain consumption has on diet quality in children, and,
ssessing the effect that whole-grain consumption has on
ealth status.
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