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Introduction: Since 2005, the federal government’s Dietary Guidelines for Americans have recom-
mended at least half of total grain intake be whole grains. Beginning with the 2012−2013 school
year, the U.S. Department of Agriculture updated school meal regulations to align with this
recommendation.

Methods: Nationally representative food consumption survey data spanning 1994−2014 were ana-
lyzed in 2018 to construct a sample of 17,016 schoolchildren aged 5−19 years. Regression models
were used to examine changes in whole grain/total grain intake by food source. For school-obtained
foods, changes in whole grain intake are decomposed into changes in propensity (proportion of
students consuming whole grains) and intensity (amount consumed by whole grain consumers).

Results: The whole grain/total grain ratio from all sources fell from 9.67% (1994−1998) to
7.6% (2005−2006) before climbing to 13.48% (2013−2014). Home-prepared foods topped the
whole grain/total grain ratio among all sources until surpassed by school foods in 2013−2014
(17.16% vs 21.48%). The whole grain/total grain ratio from school rose from 4.02% to 21.48%
during 1994−2014. Among those consuming school foods, increased intensity contributed
more than propensity to increases in whole grain intake from school between 2005−2010 and
2011−2012; the opposite occurred between 2011−2012 and 2013−2014 because of increasing
propensity, from one in four to one in two students consuming whole grains.

Conclusions: During 1994−2006, the whole grain/total grain ratio of schoolchildren’s diets
declined, contrary to expert advice. Following the 2012 U.S. Department of Agriculture school meal
regulations, both the propensity and the intensity of whole grain consumption from school rose
considerably, demonstrating the important role school meals may play in improving children’s
diets.
Am J Prev Med 2019;57(1):57−67. Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine.
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The Dietary Guidelines for Americans (DGAs)
provide advice to Americans on what to eat
for a healthy diet and are a central source of

guidance for federal nutrition policies including die-
tary standards for federal food assistance programs,
public nutrition information campaigns, and nutri-
tion labeling of foods.1−3 First issued in 1980, the
DGAs are updated every 5 years to ensure consis-
tency with up-to-date scientific knowledge. Although
previous editions of the DGAs encouraged whole
grain consumption, the 2005 and subsequent editions
have given more emphasis and specificity by recom-
mending at least half of total grain intake be whole
grains.1−3 This recommendation is based on consistent
/10.1016/j.amepre.2019.01.010
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evidence that, in addition to being a good source of die-
tary fiber and several micronutrients, whole grain con-
sumption is associated with reduced risk of obesity,
type 2 diabetes, cardiovascular diseases, and certain
cancers.4−7

The DGAs could affect whole grain consumption by
influencing consumer behavior in favor of whole grains
by spurring a supply response with new and reformu-
lated whole grain products and by prompting more
restaurants to offer whole grain options.8−10 Likewise,
the DGAs could affect consumption via federal food
program regulations. In 2010, Congress mandated that
the U.S. Department of Agriculture (USDA) update
school meal regulations to conform to the 2005 DGAs.11

Implementation of the updated regulations began in
the 2012−2013 school year, requiring that at least one
half of all grain offerings in school lunches be whole
grain−rich (i.e., at least 50% whole grains). Breakfasts
were required to meet this standard in 2013−2014, and
beginning 2014−2015, both meals were expected to
serve only whole grain−rich grains. School foods are a
leading source of calories for schoolchildren, averaging
26% of calories on a given school day,12 and they
improve the quality of students’ diets, especially among
the most disadvantaged.13

Given that on a typical school day approximately
30 million and 14 million children consume USDA
school lunches and breakfasts, respectively,14 the new
school meal standards could have widespread impacts
on children’s diets. Several local-level studies have
found the new school meal regulations have positive
impacts on diet quality.15−20 Cullen et al.21 found that
after implementation of the new standards, the per-
centage of school-lunch consuming students eating
whole grains from school increased from 5% to 72%,
while the mean amount of whole grains consumed
from school did not increase. Although these results
are encouraging, they are small, local studies, and were
conducted over a limited time span.
This study examines whole grain consumption

trends among schoolchildren between 1994 and 2014
and how those trends differ by source obtained—
home-prepared, school, restaurant, and other food
away from home (FAFH). It examines two contribu-
tors to changes in whole grain consumption from
school: the consumption propensity (the percentage
of children eating whole grains on a given day) and
the consumption intensity (amounts consumed by
those who eat whole grains). Although these analyses
cannot establish a causal effect of the DGAs or school
meal standards, they provide information on changes
in whole grain consumption since publication of the
2005 DGAs and the 2012 school meal standards.
METHODS

Study Population
The sample is drawn from seven nationally representative food
intake surveys spanning 1994−2014: the USDA’s 1994−1996
and 1998 Continuing Survey of Food Intakes by Individuals
(1994−1998) and the continuous waves of What We Eat in
America (WWEIA)/National Health and Nutrition Examina-
tion Survey (NHANES) conducted by USDA and HHS over
2003−2014.22,23 The study sample consisted of children aged
5 to 19 years who reported attending school at the time when
they participated in the survey. Sample sizes and descriptive
statistics for each survey wave are provided in Table 1. Analyses
were conducted in 2018.
Measures
All surveys collected 2 days of dietary intake data by employing a
multi-pass method found to yield valid intake data.24−26 The
first day was collected using in-person dietary recalls; the second
day was a telephone interview. Respondents described foods and
amounts consumed, where each food was obtained, and whether
it was eaten at home. USDA’s food group equivalent data-
bases27,28 were used to calculate ounces of total grains and whole
grains in each food. As documented by USDA, these databases
use recipes found in USDA’s Food and Nutrient Database for
Dietary Studies and assign each ingredient to an appropriate
food pattern component (e.g., whole grains).29

There are two main categories of food sources: food at home
(FAH) and food away from home (FAFH), with the latter sepa-
rated into three subcategories: school, full-service/fast-service res-
taurant, and other FAFH (Appendix Table 1). These groupings
were chosen to allow exploration of how federal dietary guidelines
and federally mandated changes in school offerings correlate with
changes in whole grain consumption. Foods obtained at school
are primarily those served through the USDA school lunch and
breakfast programs but may also include foods sold outside of the
USDA programs. Full-service and fast-food establishments, also
important food sources for schoolchildren,30 are combined into a
single group “restaurant” due to sample size limitations. Other
FAFH sources are diverse (Appendix Table 1).
Statistical Analysis
Descriptive and regression analyses were conducted using the Sur-
veymeans and Surveyreg procedures in SAS, version 9.4 to incor-
porate complex survey design and sample weights.31 Descriptive
analyses provide trends in average intakes of total grains and
whole grains by food source. The first regression analysis exam-
ined changes in the whole grain/total grain ratio over time by
food source among all schoolchildren while controlling for demo-
graphic characteristics.

Changes in average consumption could come from changes in
consumption propensity (the decision to eat whole grains at all),
from changes in consumption intensity (amounts consumed by
those who consume), and their interaction effect (Appendix
Text). To decompose changes in whole grain consumption from
school, two separate regressions were required. Among those who
ate school foods, propensity was estimated by a logistic regression,
and intensity was estimated by a regression conditional on posi-
tive whole grain consumption (ounces/day). The relative impact
www.ajpmonline.org



Table 1. Descriptive Statistics of the Sample and Grain Consumption Among U.S. Schoolchildren: 1994−2014

Survey years

Demographics and
grain consumption 1994−1998 2003−2004 2005−2006 2007−2008 2009−2010 2011−2012 2013−2014
Sample size 3,617 2,540 2,641 2,016 2,118 2,035 2,049

Demographics

Male, % 51.71
(49.72, 53.71)

52.39
(49.38, 55.39)

52.15
(48.00, 56.29)

49.11
(45.03, 53.19)

49.20
(45.75, 52.66)

49.40
(45.33, 53.46)

52.52
(48.84, 56.19)

Age, years, %

5−10 45.37
(43.28, 47.46)

44.39
(39.12, 49.65)

43.80
(39.89, 47.70)

41.44
(36.83, 46.05)

43.36
(40.93, 45.79)

44.62
(41.60, 47.63)

42.85
(38.90, 46.81)

11−14 32.20
(29.88, 34.52)

30.76
(28.28, 33.23)

29.85
(27.46, 32.25)

31.24
(27.24, 35.23)

29.67
(27.06, 32.28)

29.92
(25.62, 34.22)

29.01
(26.04, 31.97)

15−19 22.43
(20.56, 24.29)

24.86
(20.02, 29.70)

26.35
(22.83, 29.87)

27.32
(24.05, 30.60)

26.97
(24.14, 29.80)

25.46
(21.51, 29.41)

28.14
(24.21, 32.07)

Race and ethnicity, %

Non-Hispanic white 66.16
(61.37, 70.95)

62.37
(53.26, 71.48)

61.73
(52.73, 70.72)

59.72
(51.94, 67.51)

57.67
(48.81, 66.54)

55.59
(44.31, 66.86)

53.10
(41.09, 65.10)

Non-Hispanic black 15.67
(12.87, 18.48)

15.37
(10.13, 20.60)

14.54
(8.52, 20.55)

15.22
(10.08, 20.36)

14.20
(11.56, 16.83)

13.63
(7.24, 20.02)

14.40
(9.14, 19.66)

Hispanic 13.56
(9.32, 17.80)

15.82
(9.15, 22.49)

16.08
(12.52, 19.63)

19.94
(13.11, 26.76)

21.54
(13.03, 30.04)

22.65
(15.46, 29.85)

23.14
(14.64, 31.64)

Other race/ethnicity 4.60
(3.42, 5.78)

6.44
(3.58, 9.30)

7.66
(4.27, 11.05)

5.12
(2.98, 7.26)

6.59
(4.47, 8.72)

8.13
(5.30, 10.96)

9.37
(6.73, 12.00)

Household income, %
federal poverty guideline

<185% 38.50
(35.10, 41.91)

41.03
(35.44, 46.63)

36.15
(29.88, 42.42)

43.26
(36.48, 50.04)

45.70
(39.97, 51.43)

49.17
(39.85, 58.50)

45.78
(36.30, 55.26)

185%−300% 21.11
(18.51, 23.71)

20.76
(16.60, 24.92)

21.17
(17.13, 25.21)

17.27
(13.12, 21.42)

15.86
(12.86, 18.85)

18.27
(13.17, 23.38)

16.81
(12.89, 20.72)

>300% 40.39
(36.81, 43.96)

38.20
(31.65, 44.75)

42.68
(34.75, 50.61)

39.47
(32.00, 46.94)

38.45
(32.71, 44.18)

32.56
(26.31, 38.80)

37.41
(26.96, 47.87)

Weekend, % 28.66
(25.76, 31.56)

28.91
(24.41, 33.42)

29.08
(25.71, 32.45)

30.01
(25.92, 34.19)

30.25
(25.31, 35.18)

30.53
(27.90, 33.15)

29.77
(26.65, 32.88)

Household head
education, %

Less than high school 10.44
(8.14, 12.75)

15.45
(11.49, 19.41)

15.10
(11.44, 18.76)

14.90
(11.96, 17.84)

16.19
(11.95, 20.43)

19.54
(16.07, 23.01)

14.26
(10.73, 17.80)

High school 29.54
(26.91, 32.17)

22.29
(18.74, 25.85)

19.05
(15.36, 22.74)

20.46
(16.73, 24.20)

20.44
(15.78, 25.10)

16.82
(12.43, 21.21)

18.52
(13.84, 23.19)

Some college 25.84
(22.60, 29.07)

37.16
(32.46, 41.87)

32.62
(26.77, 38.47)

32.56
(27.33, 37.79)

28.82
(25.49, 32.15)

30.08
(24.84, 35.32)

29.83
(25.61, 34.06)
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Table 1. Descriptive Statistics of the Sample and Grain Consumption Among U.S. Schoolchildren: 1994−2014 (continued)

Survey years

Demographics and
grain consumption 1994−1998 2003−2004 2005−2006 2007−2008 2009−2010 2011−2012 2013−2014

College 34.18
(29.71, 38.64)

25.09
(19.77, 30.41)

33.23
(25.28, 41.18)

32.08
(24.87, 39.29)

34.56
(28.27, 40.85)

33.56
(26.11, 41.01)

37.39
(28.78, 46.01)

Daily intake of total grains by source (oz/day)

All sources 7.09
(6.90, 7.29)

7.45a,b

(7.16, 7.75)
7.25

(6.93, 7.56)
6.67a

(6.36, 6.98)
7.01

(6.64, 7.38)
7.07

(6.75, 7.39)
6.98

(6.70, 7.26)
FAH 4.82b

(4.60, 5.04)
4.64

(4.28, 5.01)
4.60

(4.22, 4.97)
4.33a

(4.02, 4.64)
4.71

(4.42, 5.00)
4.26a

(4.08, 4.45)
4.36a

(4.10, 4.63)

FAFH 2.28b

(2.15, 2.40)
2.81a

(2.57, 3.06)
2.65a

(2.39, 2.91)
2.34b

(2.20, 2.48)
2.30

(2.01, 2.60)
2.81a

(2.55, 3.07)
2.62a

(2.40, 2.84)
Restaurant/Fast food 1.14b

(1.05, 1.24)
1.92a,b

(1.71, 2.12)
1.69a,b

(1.44, 1.94)
1.35a

(1.23, 1.46)
1.29

(1.10, 1.49)
1.58a

(1.41, 1.75)
1.41a

(1.23, 1.58)

School 0.63
(0.57, 0.69)

0.62
(0.46, 0.78)

0.50a,b

(0.39, 0.60)
0.61

(0.45, 0.76)
0.65

(0.47, 0.83)
0.71

(0.57, 0.86)
0.80

(0.63, 0.97)
Daily intake of whole grains by source (oz/day)

All sources 0.66b

(0.59, 0.73)
0.49a,b

(0.43, 0.56)
0.51a,b

(0.41, 0.60)
0.52a,b

(0.44, 0.59)
0.59b

(0.55, 0.63)
0.74b

(0.68, 0.80)
0.86a

(0.76, 0.96)
FAH 0.58

(0.52, 0.65)
0.42a,b

(0.35, 0.49)
0.44a,b

(0.35, 0.53)
0.46a,b

(0.38, 0.53)
0.53

(0.48, 0.57)
0.62

(0.56, 0.67)
0.61

(0.50, 0.72)

FAFH 0.08b

(0.06, 0.09)
0.07b

(0.05, 0.10)
0.07b

(0.05, 0.09)
0.06b

(0.05, 0.07)
0.06b

(0.04, 0.08)
0.13a,b

(0.09, 0.16)
0.25a

(0.21, 0.30)
Restaurant/Fast food 0.02b

(0.01, 0.02)
0.03

(0.01, 0.06)
0.02b

(0.02, 0.03)
0.02b

(0.01, 0.03)
0.02b

(0.01, 0.03)
0.03b

(0.01, 0.04)
0.06a

(0.03, 0.08)

School 0.02b

(0.02, 0.03)
0.02b

(0.01, 0.03)
0.02b

(0.01, 0.03)
0.02b

(0.01, 0.04)
0.03b

(0.02, 0.05)
0.06a,b

(0.04, 0.08)
0.18a

(0.13, 0.22)
Whole grain share of total grain, %

All sources 9.67b

(8.81, 10.52)
7.45a,b

(6.65, 8.24)
7.60a,b

(6.15, 9.05)
8.67b

(7.07, 10.27)
9.34b

(8.73, 9.95)
11.43a

(10.10, 12.77)
13.48a

(11.69, 15.27)
FAH 3.08b

(1.84, 14.32)
11.38b

(9.62, 13.13)
11.61b

(9.41, 13.80)
12.29b

(10.08, 14.50)
13.69b

(12.34, 15.04)
16.72a

(14.29, 19.14)
17.16a

(14.14, 20.17)

FAFH 4.01b

(3.25, 4.76)
3.88b

(2.44, 5.32)
3.57b

(2.50, 4.63)
3.66b

(2.93, 4.38)
3.56b

(2.87, 4.25)
5.75a,b

(4.33, 7.17)
10.72a

(8.55, 12.90)
Restaurant/Fast food 1.59b

(1.02, 2.17)
2.43b

(0.48, 4.37)
2.41b

(1.30, 3.52)
2.55b

(1.34, 3.77)
3.01b

(1.27, 4.74)
2.95b

(1.43, 4.47)
5.17a

(3.83, 6.50)

School 4.02b

(2.84, 5.20)
4.35b

(1.35, 7.35)
4.51b

(2.11, 6.91)
4.82b

(3.69, 5.95)
5.65b

(3.61, 7.69)
8.63a,b

(6.43, 10.84)
21.48a

(18.51, 24.45)

Note: Data are shown as mean (95% CI). Differences in grain consumption and shares were tested by using both variance and covariance. Boldface indicates statistical significance at p<0.05. This
study tested only the differences between the 1994−1998 data and the 2013−2014 data, the beginning and ending surveys covered in the study. “Weekend” indicates intake occurred on Saturday or
Sunday.
aValues are different from those for 1994−1998, p<0.05.
bValues are different from those for 2013−2014, p<0.05.
FAH, food at home; FAFH, food away from home.
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of each effect between 2005−2010 and 2011−2012 and between
2011−2012 and 2013−2014 was assessed.

All regressions examine how outcomes vary across survey
years, controlling for sex, age group (5−10 years vs 11−14 years,
and 15−19 years), race/ethnicity (non-Hispanic whites, non-His-
panic blacks, Hispanics, and other), household income (low
income, middle income, and high income), and educational
attainment of the household head (below high school, high school,
attended college without a degree, and college degree).32−34
RESULTS

During 1994−2014, total grain intake was relatively stable
as compared with whole grain intake among all school-
children (Table 1). Consequently, the ratio of whole
grains to total grains in children’s diets changed signifi-
cantly over survey periods (p<0.05, F-test). Whole grain
consumption at home fell significantly from 1994−1998
to 2003−2008 (p<0.05) but then recovered to a level
comparable to 1994−1998 for the remaining years. Con-
sumption of whole grains from restaurants and school
remained constant during 1994−2008, then mirrored
the trend in FAH consumption, and rose significantly in
2013−2014 (p<0.05). For example, the average whole
grain consumption at school among all schoolchildren tri-
pled from 0.06 ounces/day in 2011−2012 to 0.18 ounces/
day in 2013−2014. Consequently, the ratio of whole grain
to total grain consumption from school foods rose sharply
from 4.35% in 2003−2004 to 8.60% in 2011−2012 before
reaching 21.48% in 2013−2014. Among all sources, FAH
was the richest in whole grains during 1994−2012 before
giving way to school foods in 2013−2014 (17.16% vs
21.48%), when the 2012 school meal standards became
effective (Table 1).
Regression results (Table 2) confirm that although

schoolchildren’s diets are far from meeting recommen-
dations, the whole grain/total grain ratio significantly
increased from 8.71% in 1994−1998 to 12.55% in 2013
−2014. This increase was mainly due to whole grain
intake from school, which increased from 0.02 ounces/-
day in 1994−1998 to 0.18 ounces/day in 2013−2014
(Table 1).
Consumption of whole grains varies by age, race and

ethnicity, and the educational achievement of the house-
hold head but not by household income (Table 2).
Focusing on children who ate school foods, older school-
children aged 11−14 and 15−19 years had diets less
whole-grain dense than their younger counterparts.
Schoolchildren had the most whole-grain dense diet for
FAH when the household head was college educated.
Compared with individuals of other race/ethnicity, diets
of non-Hispanic white children were denser in whole
grains for FAH but less dense in whole grains from
school foods.
July 2019
The logistic regression results (Table 3) were used to
calculate the propensity to consume whole grains,
among those who ate school meals using the mean val-
ues of their demographic characteristics (Appendix
Table 2). Results show that leading up to the change in
school meal standards, there was no significant change
in the propensity to consume whole grains from school
during 1994−2010, with propensities ranging from
0.142 to 0.200 (Figure 1A). However, in 2013−2014 stu-
dents became more than twice as likely to consume
whole grains from school as in any previous survey
period with a propensity of 0.494—almost one in every
two students eating school foods ate whole grains.
Table 3 also shows the propensity to consume whole
grains from school was lower among older children as
compared with those aged 5−10 years (p<0.05), and by
non-Hispanic white children as compared with non-His-
panic black and Hispanic children (p<0.05).
The intensity regression results (Table 3) are used to

calculate the average consumption intensity among
those who consumed whole grains from school in
Figure 1B, again using the mean values of their demo-
graphic characteristics (Appendix Table 2). The average
intake remained relatively stable over 1994−2010 (0.46
to 0.54 ounces/day) before significantly (p<0.05)
increasing to 0.74 ounces/day in 2011−2012 and to
1.07 ounces/day in 2013−2014 (Figure 1B). Table 3 also
shows for those who ate whole grains as a part of school-
prepared foods, compared with their respective counter-
parts, a larger average amount was consumed among
males, those aged 11−14 years, and those from high-
income households. Non-Hispanic white schoolchildren
consumed a smaller amount of whole grains from school
foods than other children.
Because the whole grain recommendation first

appeared in the 2005 DGAs, the decomposition analysis
compared 2005−2010 vs 2011−2012, and then com-
pared 2011−2012 vs 2013−2014. The idea was to disen-
tangle the effects of propensity (Figure 1A), intensity
(Figure 1B), and their interaction on the increasing trend
of whole grain consumption at school. Figure 1C reports
the change in whole grain consumption (ounces/day)
over these two periods broken down by propensity,
intensity, and the interaction effects. Figure 1D expresses
each effect as a percentage of the total effect to show
their relative contributions.
Between 2005−2010 and 2011−2012 the intensity of

whole grain consumption from school significantly
increased, but there was no significant change in the pro-
pensity to consume whole grains (Figures 1A and 1B).
Using the mean values of consumption propensity and
intensity, the intensity effect outweighs the propensity
effect at a ratio of 1.18 (45.10% to 38.3%) during this



Table 2. Regression Results of Whole Grains/Total Grains Ratio (%) Among Schoolchildren: 1994−2014

Independent variable All sources FAH FAFH Restaurant School Other FAFH

Survey wave

Year 1994−1998 8.71b (0.76) 10.31b (1.28) 5.31b (0.85) 0.19b (0.99) 6.20b (1.20) 10.44 (2.30)

Year 2003−2004 6.70a,b (0.74) 9.14b (1.45) 5.23b (1.08) 1.29b (1.36) 4.46a,b (1.15) 10.22 (2.58)

Year 2005−2006 6.71a,b (0.96) 8.99b (1.64) 4.94b (0.88) 0.99b (1.19) 5.77b (1.23) 8.32 (2.41)

Year 2007−2008 7.83b (0.91) 9.75b (1.44) 5.07b (0.79) 1.32b (0.93) 5.73b (1.11) 6.86a (2.25)

Year 2009−2010 8.48b (0.74) 11.15b (1.30) 4.88b (0.88) 1.66b (1.30) 7.16a,b (1.30) 6.12a,b (2.04)

Year 2011−2012 10.58a,b (1.03) 14.38a (1.68) 7.03a,b (0.97) 1.53b (1.07) 10.95a,b (1.45) 12.07 (2.53)

Year 2013−2014 12.55a (1.04) 14.61a (1.59) 12.02a (1.25) 3.79a (1.16) 22.58a (1.84) 9.87 (2.39)

Sex

Female (ref)

Male 0.01 (0.37) −0.28 (0.61) 0.11 (0.45) 0.21 (0.62) −0.79 (0.48) −0.20 (0.77)

Age, years

5−10 (ref)

11−14 −0.64 (0.44) −0.41 (0.67) −0.40 (0.59) 1.72c (0.84) −2.18c (0.64) −2.01 (1.22)

15−19 −1.78c (0.44) −0.67 (0.81) −2.28c (0.44) 0.17 (0.57) −2.28c (0.77) −4.50c (1.33)
Race and ethnicity

Non-Hispanic white (ref)

Non-Hispanic black −0.60 (0.47) −2.14c (0.78) 1.07c (0.47) −0.57 (0.42) 2.26c (0.78) 1.74 (1.43)

Hispanic −0.76 (0.49) −2.25c (0.78) 0.48 (0.46) 0.26 (0.63) 0.89 (0.71) −0.65 (1.38)

Other race/ethnicity −0.74 (0.75) −2.73c (1.24) 0.91 (1.08) −1.26 (0.67) 3.89 (2.00) −0.02 (1.68)

Household income, % federal
poverty guideline

<185% 0.39 (0.60) 0.48 (1.04) −0.25 (0.70) 0.12 (0.70) −0.06 (0.83) 0.50 (1.81)

185%−300% (ref)

>300% 0.06 (0.54) 1.02 (0.90) −0.69 (0.78) 0.50 (0.73) −1.26 (0.98) −1.31 (1.65)

Weekday (ref)

Weekend −0.77 (0.40) −0.55 (0.58) −1.27c (0.49) −0.12 (0.49) 6.00 (3.59) 0.27 (1.11)

Household head education

Less than high school (ref)

High school 0.41 (0.47) 1.44 (0.81) −0.30 (0.67) 0.13 (0.71) −1.13 (0.72) 0.36 (1.85)

Some college 1.81c (0.53) 3.18c (0.80) −0.58 (0.60) −0.12 (0.75) 0.23 (0.74) 1.42 (1.80)

College 3.62c (0.68) 6.48c (1.01) −0.06 (0.74) 1.62 (0.86) −0.64 (1.02) −0.28 (1.76)

Note: Data are shown as Estimate (SE). Restaurant includes full-service restaurants and fast food places. Boldface indicates statistical significance
(p<0.05). Coefficients for survey years represent the share of whole grains in total grains for the referent schoolchildren; the shares reported in
Table 1 represent all schoolchildren.
aValues are significantly different from the year 1994−1998, p<0.05.
bValues are significantly different from the year 2013−2014, p<0.05.
cValues are significantly different from zero or their reference, p<0.05.
FAFH, food away from home, FAH, food at home.
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period (Figure 1D). This ratio, however, drops to 0.41
(22% vs 54%) between 2011−2012 and 2013−2014. The
interaction effect is the joint effect of propensity and
intensity, which is greater than the intensity effect
between 2011−2012 and 2013−2014 (24% vs 22%).
DISCUSSION

Since 2005, the U.S. federal government has recommend
in its DGAs that whole grains account for at least half of
total grain intake. In response, USDA-funded school
meals now incorporate this recommendation as a basis
for federal reimbursements. Starting in the 2012−2013
school year, at least half of all grains offered as a part
of USDA-funded lunches were required to be whole
grain−rich, defined as containing at least 50% whole
grain.35 In 2013−2014, this requirement was extended
to USDA-funded breakfasts. At the time of the 2005
DGAs’ recommendation, 7.6% of schoolchildren’s grain
intake was whole grain. Since then, the ratio of whole
grain to total grain consumption steadily increased,
reaching 13.5% in 2013−2014.
This study documents an increasing trend in whole

grain consumption across all food sources. Between
1994−1998 and 2011−2012 the whole grain/total grain
ratio was highest for FAH. In 2013−2014, for the first
www.ajpmonline.org



Table 3. Logistic and Intensity Regression Results for Whole Grain Consumption From School Among Those Who Ate School
Foods, 1994−2014

Logistic (propensity) Intensity

Independent variable Coefficient (SE) OR Coefficient (SE)

Survey wave

Year 1994−1998 −1.655a,c (0.237) 0.191 0.379a,c (0.037)

Year 2003−2004 −1.460a,c (0.318) 0.232 0.321a,c (0.011)

Year 2005−2006 −1.835a,c (0.261) 0.160 0.372a,c (0.012)

Year 2007−2008 −1.587a,c (0.246) 0.204 0.366a,c (0.012)

Year 2009−2010 −1.420a,c (0.270) 0.242 0.416a,c (0.013)

Year 2011−2012 −1.205a,c (0.290) 0.300 0.612a,c (0.012)

Year 2013−2014 −0.024 (0.252) 0.977 0.948a (0.012)

Sex

Female (ref)

Male 0.024 (0.098) 1.024 0.093a (0.006)

Age, years

5−10 (ref)

11−14 −0.462a (0.111) 0.630 0.091a (0.005)

15−19 −0.351b (0.147) 0.704 −0.032a (0.004)
Race and ethnicity

Non-Hispanic white (ref)

Non-Hispanic black 0.487a (0.139) 1.628 0.108a (0.009)

Hispanic 0.269b (0.127) 1.309 0.140a (0.006)

Other race/ethnicity 0.263 (0.248) 1.301 0.149a (0.026)

Household income, % federal
poverty guideline

<185% 0.140 (0.167) 1.150 −0.009 (0.008)

185%−300% (ref)

>300% −0.221 (0.180) 0.801 0.056a (0.015)

Household head education

Less than high school (ref)

High school −0.111 (0.175) 0.895 −0.027 (0.015)

Some college 0.104 (0.150) 1.110 0.030a (0.006)

College −0.012 (0.202) 0.988 −0.087a (0.016)
Sample size 4,788 1,172

R-squared 0.59

Correct predictions 76.3%

Note: Correct predictions indicate the percent of observations which correctly predict the outcome using the predicted probability of 0.5 as the thresh-
old. The two regression models are estimated twice by (1) treating the 2013−2014 survey wave as the base so that the coefficients for previous
waves can be tested against 2013−2014 and (2) including all waves of seven surveys and dropping the constant term, as reported in the table. Bold-
face indicates statistical significance (p<0.05).
aValues are significantly different from zero (i.e., survey wave) or their reference, p<0.01.
bValues are significantly different from zero (i.e., survey waves) or their reference, p<0.05.
cValues are significantly different from the 2013−2014 coefficients, p<0.01.
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time, the ratio was higher for foods obtained at school as
compared with FAH (17.3% versus 21.5%), reflecting the
new school standards.11 Note that each WWEIA survey
ran from November 1 of the odd year through October
31 of the even year. Thus, the WWEIA 2011−2012 con-
tained 2−3 months of the 2012−2013 school year, while
the WWEIA 2013−2014 data were fully covered under
the new school meal standards.
The aforementioned increases in whole grain con-

sumption from school was decomposed into the
July 2019
propensity to consume (proportion of students con-
suming whole grains), intensity of consumption
(amount consumed by whole grain consumers), and
their joint effect. Results indicate that increases leading
up to the 2011−2012 level were primarily driven by
increased whole grain consumption among those
who consumed (intensity). During this period, it may
have been that some school foodservices voluntarily
enriched the whole grain content either in response to
DGAs’ advice or to meet local preferences. Conversely,



Figure 1. Changes in the propensity and intensity of whole grain consumption from school, among schoolchildren aged 5−19 years
who ate school meals: 1994−2014.
Note: All numbers depicted in the figure are for the sample of children who ate school meals (Appendix Table 2). Propensity (triangle, panel A) is the
probability of consuming any whole grains from school. Intensity (circle, panel B) is the amount of whole grains (ounces/day) consumed from school
among those who consumed whole grains from school. Vertical bars in panels A and B represent 95% CIs. Panel C decomposes the change in whole
grain consumption (ounces/day) from school over survey waves into propensity, intensity, and the interaction effects (Appendix Text). Panel D depicts
the percentage (%) of the total change attributable to propensity, intensity, and the interaction effect. All analyses used survey weights and account
for the complex survey design.
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the marked increase in whole grain consumption from
2011−2012 to 2013−2014 was primarily attributable to
an increase in the numbers of students consuming
whole grains from school foods (propensity), rather
than an increase in amounts consumed (intensity),
although both were contributing factors. The increase
in consumption propensity is similar to previous find-
ings by Cullen and colleagues,21 but unlike them, this
study also found an increase in consumption amounts,
albeit smaller. Although this study cannot ascribe cau-
sality, these findings strongly suggest that the nation-
wide inclusion of whole grains in school menus has
reached a large number of Americans. Supporting this
inference, a recent nationwide study of 5,106 children
found a positive association between school breakfast
participation and whole grain intakes.36
For school foods, the whole grain/total grain ratio for
non-white children was higher than that observed for
white children. This was the opposite of the finding for
FAH foods. Note that the school foods grouping
includes both USDA school meals and non-USDA foods
sold at school, which may be less nutritious—although
in 2014−2015, schools participating in the National
School Lunch Program were required to meet higher
nutrition standards for all foods they sell.35 White chil-
dren are somewhat less likely to participate in school
meals than other children,37 making it possible that
non-USDA foods may have played a larger role in their
school food consumption, although this study is not able
to separate USDA and non-USDA foods. The difference
in the relationship of race and ethnicity to whole grain
intake from school foods versus home foods does,
www.ajpmonline.org
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however, suggest the value of multiple strategies for
implementing dietary advice.
Although these results are encouraging, this study

finds that 22% of grain consumption from school foods
was whole grain, indicating considerable room for
improvement. Beginning in the 2014−2015 school year,
the 2012 school meal standards11 required all grains
served as part of USDA meals to be whole grain−rich.
However, many school foodservices argued that this has
posed hardships because of limited availability of prod-
ucts and lack of student acceptance.38 Consequently,
exemptions for certain food products were granted
through the 2018−2019 school year as part of a rule
offering flexibilities for meeting National School Lunch
Program requirements,38 and in the finalized rule on
flexibilities, effective as of school year 2019−2020, the
USDA required that only half of grains offered be whole
grain−rich.39 Further improvements in whole grain
intake from schools may depend on further develop-
ments of new, appealing, whole grain products tailored
to school foodservices40 coupled with effective strategies
to foster acceptance.
School meals have strong potential to foster healthier

food preferences. Research has established that food pref-
erences are largely shaped by repeated exposure.41 The
requirement to routinely offer whole grain−rich foods at
school may provide this repeated exposure, but does not
guarantee consumption. Appealing products, served in a
comfortable environment with adequate time to eat,42

accompanied by such strategies as taste tests, modeling by
teachers and other role models, and promotion of social
norms favoring healthy foods may encourage regular con-
sumption.43 Such strategies could be particularly benefi-
cial to low-income students who make up the majority of
USDA school meal participants,14 because their parents
may consider it too costly to purchase healthy items their
children may ultimately reject.44

Improving acceptance at school may have effects
beyond the meals themselves. Some research suggests
USDA-sponsored fruit and vegetable snack programs
have increased the preference for and consumption of
these foods outside of school.45,46 Other research has
indicated that food consumption patterns established
in childhood track into later childhood and adoles-
cence.47,48 Further research should investigate how
whole grain intake from school is associated with con-
sumption in other locations and with consumption
later in life.

Limitations
The cross-sectional nature of the data does not permit
causal inference. The databases used may not perfectly
capture the whole grain content of all foods. Although
July 2019
the surveys’ dietary intake methodology has been vali-
dated, recalls may be limited by an individual’s ability
to describe consumed foods accurately. Finally school
foods may include items obtained at school but not
part of USDA meals. Nevertheless, analysis of these
large nationally representative data sets provides
important information on the extent to which whole
grain intakes of schoolchildren have changed over time
and the association with federal policy and programs.
CONCLUSIONS

Between 1994 and 2006, children’s diets became less
whole grain−dense. Federal recommendations pub-
lished in 2005 may have helped to reverse this decline
through their impacts on both foods prepared at home
and foods obtained from school. Importantly, in 2012,
USDA school meals were required to include whole
grain−rich items, after which school foods became the
most whole grain−dense source in schoolchildren’s
diets. This change was associated with both a larger
percentage of children obtaining whole grains at
school, as well as consumption of larger quantities of
whole grains, demonstrating a broad-based impact on
children’s diets.
ACKNOWLEDGMENTS
All three authors made substantial contributions to the manu-
script. The findings and conclusions in this preliminary publi-
cation have not been formally disseminated by the U.S.
Department of Agriculture and should not be construed to rep-
resent any agency determination or policy.

Smith and Lin prepared the data; Lin did the statistical anal-
yses; and Lin, Guthrie, and Smith together interpreted the
results, prepared the manuscript, and responded to reviewers’
comments.

Preliminary results were presented as a poster at the 2018
Academy Health Annual Meeting, Seattle, Washington, June
24−26, 2018

No financial disclosures were reported by the authors of this
paper.
SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2019.01.010.
REFERENCES
1. HHS, U.S. Department of Agriculture. Dietary Guidelines for

Americans, 2005. 6th ed. Washington, DC: U.S. Government Printing
Office, January 2005.

2. U.S. Department of Agriculture, HHS. Dietary Guidelines for
Americans, 2010. 7th ed. Washington, DC: U.S. Government Printing
Office, December 2010.

https://doi.org/10.1016/j.amepre.2019.01.010
https://doi.org/10.1016/j.amepre.2019.01.010
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0001
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0001
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0001
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0002
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0002
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0002


66 Lin et al / Am J Prev Med 2019;57(1):57−67
3. HHS, U.S. Department of Agriculture. 2015−2020 Dietary Guidelines
for Americans. 8th ed. health.gov/dietaryguidelines/2015/guidelines/.
December 2015. Accessed April 1, 2018.

4. Chen G, Tong X, Xu J, et al. Whole-grain intake and total, cardiovas-
cular, and cancer mortality: a systematic review and meta-analysis of
prospective studies. Am J Clin Nutr. 2016;104(1):164–172. https://doi.
org/10.3945/ajcn.115.122432.

5. Dietary Guidelines Advisory Committee, 2005. Report of the Die-
tary Guidelines Advisory Committee on the Dietary Guidelines for
Americans, 2005, to the Secretary of Agriculture and the Secretary
of Health and Human Services. US. Department of Agriculture,
Agricultural Research Service. health.gov/dietaryguidelines/
dga2005/report/. Accessed April 1, 2015,

6. Lieffers J, Ekwaru J, Ohinmaa A, et al. The economic burden of not
meeting food recommendations in Canada: the cost of doing noth-
ing. PLoS One. 2018;13(4):e0196333. https://doi.org/10.1371/journal.
pone.0196333.

7. Ludwig D, Hu F, Tappy L, et al. Dietary carbohydrates: role of quality
and quantity in chronic disease. Br Med J. 2018;361:k2340. https://doi.
org/10.1136/bmj.k2340.

8. Mancino L, Kucher F. Demand for whole-grain bread before and after
the release of Dietary Guidelines. Appl Econ Perspect Policy. 2012;34
(1):76–101. https://doi.org/10.1093/aepp/ppr035.

9. Mancino L, Kucher F, Leibtag E. Getting consumers to eat more
whole-grains: the role of policy, information, and food manufac-
turers. Food Policy. 2008;33(6):489–496. https://doi.org/10.1016/j.
foodpol.2008.05.005.

10. Whole Grains Council. Find whole grains eating away from home.
wholegrainscouncil.org/find-whole-grains/eating-away-home. Accessed
July 1, 2018.

11. U.S. Department of Agriculture, Food and Nutrition Service. National
School Lunch Program and School Breakfast Program: Nutrition
Standards in the National School Lunch and School Breakfast Pro-
grams. Fed Regist. 2012;77(17):4088–4160.

12. Story M. The third School Nutrition Dietary Assessment Study: find-
ings and policy implications for improving the health of U.S. children.
J Acad Nutr Diet. 2009;109(2):S7–S13.

13. Smith T. Do school food programs improve child dietary quality? Am
J Agric Econ. 2017;99(2):339–356.

14. Oliveira V. The Food Assistance Landscape: FY17 Annual Report.
Washington DC: U.S. Department of Agriculture, Economic
Research Service, 2018. www.ers.usda.gov/publications/pub-details/?
pubid=88073. Accessed January 21, 2019.

15. Johnson D, Podrabsky M, Rocha A, et al. Effect of the Healthy Hun-
ger-Free Kids Act on the nutritional quality of meals selected by stu-
dents and school lunch participation rates. JAMA Pediatr. 2016;170
(1):e153918. https://doi.org/10.1001/jamapediatrics.2015.3918.

16. Amin S, Bethany A, Yon J, et al. Impact of the National School Lunch
Program on fruit and vegetable selection in northeastern elementary
schoolchildren, 2012−2013. Public Health Rep. 2015;130(5):453–457.
https://doi.org/10.1177/003335491513000508.

17. Cullen K, Chen T, Jayna M, et al. Differential improvements in stu-
dent fruit and vegetable selection and consumption in response to
the new National School Lunch Program regulations: a pilot study. J
Acad Nutr Diet. 2015;115(5):743–750. https://doi.org/10.1016/j.
jand.2014.10.021.

18. Schwartz M, Henderson K, Read M, et al. New school meal regulations
increase fruit consumption and do not increase total plate waste. Child
Obes. 2015;11(3):242–247. https://doi.org/10.1089/chi.2015.0019.

19. Terry-McElrath Y, O’Malley P, Johnston D. Foods and beverages
offered in U.S. public secondary schools through the National School
Lunch Program from 2011−2013: early evidence of improved nutri-
tion and reduced disparities. Prev Med. 2015;78(9):52–58. https://doi.
org/10.1016/j.ypmed.2015.07.010.
20. Cohen J, Richardson S, Parker E, et al. Impact of the new U.S. Depart-
ment of Agriculture school meal standards on food selection, con-
sumption, and waste. Am J Prev Med. 2014;46(4):388–394. https://doi.
org/10.1016/j.amepre.2013.11.013.

21. Cullen K, Chen T, Dave J. Changes in foods selected and consumed
after implementation of the new National School Lunch Program
meal patterns in southeast Texas. Prev Med Rep. 2015;2(1):440–443.
https://doi.org/10.1016/j.pmedr.2015.05.007.

22. U.S. Department of Agriculture, Agricultural Research Service,
Continuing Survey of Food Intakes by Individuals 1994−1996,
1998 and DHKS 1994−1996. www.ars.usda.gov/Main/docs.htm?
docid=14531. Accessed January 21, 2019.

23. U.S. Department of Agriculture, Agricultural Research Service. What
We Eat In America. www.ars.usda.gov/News/docs.htm?docid=13793.
Accessed January 21, 2019.

24. Blanton C, Moshfegh A, Baer D, et al. The USDA automated multiple-
pass method accurately estimates group total energy and nutrient
intakes. J Nutr. 2006;136(10):2594–2599. https://doi.org/10.1093/jn/
136.10.2594.

25. Guenther P, DeMaio T, Ingwersen L, et al. The multiple-pass
approach for the 24-hour recall in the Continuing Survey of Food
Intakes by Individuals (CSFII) 1994−96. International Conference on
Dietary Assessment Methods, Boston. January 23, 1995.

26. Moshfegh A, Rhodes D, Baer D, et al. The U.S. Department of Agricul-
ture Automated Multiple-Pass Method reduces bias in the collection
of energy intakes. Am J Clin Nutr. 2008;88(2):324–332. https://doi.
org/10.1093/ajcn/88.2.324.

27. U.S. Department of Agriculture, Agricultural Research Service.
MyPyramid Equivalents Food Database. www.ars.usda.gov/northeast-
area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/
food-surveys-research-group/docs/mped-databases-for-downloading.
Accessed January 21, 2019.

28. U.S. Department of Agriculture, Agricultural Research Service. Food
Patterns Equivalents Database. www.ars.usda.gov/northeast-area/
beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-
surveys-research-group/docs/fped-overview/. Accessed April 1, 2019.

29. Bowman S, Clemens J, Friday J, et al. Food Patterns Equivalents Data-
base 2013−14: Methodology and User Guide. Beltsville, MD: Food
Surveys Research Group, Beltsville Human Nutrition Research Center,
Agricultural Research Service, U.S. Department of Agriculture. www.
ars.usda.gov/nea/bhnrc/fsrg. Published May 2017. Accessed January
21, 2019.

30. Guthrie J, Lin B, Smith T. Linking federal food intake surveys provides
a more accurate look at eating out trends. Amber Waves. Washington
DC: U.S. Department of Agriculture, Economic Research Service;
2016.

31. SAS Institute Inc., SAS 9.1.3 Help and Documentation, Cary, NC: SAS
Institute Inc., 2002-2004.

32. Dunford E, Popkin B. 37 year snacking trends for U.S. children,
1977−2014. Pediatr Obes. 2018;13(4):247–255. https://doi.org/
10.1111/ijpo.12220.

33. Powell E, Smith-Taillie L, Popkin B. Added sugars intake across the
distribution of U.S. children and adult consumers: 1977−2012. J Acad
Nutr Diet. 2016;116(10):1543–1550.e1. https://doi.org/10.1016/j.
jand.2016.06.003.

34. Ng S, Poti J, Popkin B. Trends in racial/ethnic and income disparities
in foods and beverages consumed and purchased from stores among
U.S. households with children, 2000−2013. Am J Clin Nutr. 2016;104
(3):750–759. https://doi.org/10.3945/ajcn.115.127944.

35. Guthrie J, Newman C. Eating better at school: can new policies
improve children’s food choices? Amber Waves. Washington, DC:
U.S. Department of Agriculture, Economic Research Service; Septem-
ber 2013. www.ers.usda.gov/amber-waves/2013/september/eating-
www.ajpmonline.org

http://health.gov/dietaryguidelines/2015/guidelines/
https://doi.org/10.3945/ajcn.115.122432
https://doi.org/10.3945/ajcn.115.122432
http://health.gov/dietaryguidelines/dga2005/report/
http://health.gov/dietaryguidelines/dga2005/report/
https://doi.org/10.1371/journal.pone.0196333
https://doi.org/10.1371/journal.pone.0196333
https://doi.org/10.1136/bmj.k2340
https://doi.org/10.1136/bmj.k2340
https://doi.org/10.1093/aepp/ppr035
https://doi.org/10.1016/j.foodpol.2008.05.005
https://doi.org/10.1016/j.foodpol.2008.05.005
http://wholegrainscouncil.org/find-whole-grains/eating-away-home
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0009
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0009
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0009
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0009
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0010
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0010
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0010
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0011
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0011
http://www.ers.usda.gov/publications/pub-details/?pubid=88073
http://www.ers.usda.gov/publications/pub-details/?pubid=88073
https://doi.org/10.1001/jamapediatrics.2015.3918
https://doi.org/10.1177/003335491513000508
https://doi.org/10.1016/j.jand.2014.10.021
https://doi.org/10.1016/j.jand.2014.10.021
https://doi.org/10.1089/chi.2015.0019
https://doi.org/10.1016/j.ypmed.2015.07.010
https://doi.org/10.1016/j.ypmed.2015.07.010
https://doi.org/10.1016/j.amepre.2013.11.013
https://doi.org/10.1016/j.amepre.2013.11.013
https://doi.org/10.1016/j.pmedr.2015.05.007
http://www.ars.usda.gov/Main/docs.htm?docid=14531
http://www.ars.usda.gov/Main/docs.htm?docid=14531
http://www.ars.usda.gov/News/docs.htm?docid=13793
https://doi.org/10.1093/jn/136.10.2594
https://doi.org/10.1093/jn/136.10.2594
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0021
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0021
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0021
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0021
https://doi.org/10.1093/ajcn/88.2.324
https://doi.org/10.1093/ajcn/88.2.324
http://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/mped-databases-for-downloading
http://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/mped-databases-for-downloading
http://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/mped-databases-for-downloading
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fped-overview/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fped-overview/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fped-overview/
http://www.ars.usda.gov/nea/bhnrc/fsrg
http://www.ars.usda.gov/nea/bhnrc/fsrg
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0024
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0024
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0024
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0024
https://doi.org/10.1111/ijpo.12220
https://doi.org/10.1111/ijpo.12220
https://doi.org/10.1016/j.jand.2016.06.003
https://doi.org/10.1016/j.jand.2016.06.003
https://doi.org/10.3945/ajcn.115.127944
http://www.ers.usda.gov/amber-waves/2013/september/eating-better-at-school-can-new-policies-improve-children-s-food-choices/


Lin et al / Am J Prev Med 2019;57(1):57−67 67
better-at-school-can-new-policies-improve-children-s-food-choices/.
Accessed January 21, 2019.

36. Au L, Gurzo K, Gosliner W, et al. Eating school meals daily is associ-
ated with healthier dietary intakes: the Healthy Communities Study. J
Acad Nutr Diet. 2018;118(8):1474–1481. https://doi.org/10.1016/j.
jand.2018.01.010.

37. Ralston K, Newman C, Clauson A, et al. The National School Lunch
Program: background, trends, and issues. Washington, DC: U.S.
Department of Agriculture, Economic Research Service, Economic
Research Report #61; July 2008.

38. U.S. Department of Agriculture, Food and Nutrition Service.
Child nutrition programs: flexibilities for milk, whole grains, and
sodium requirements: interim final rule. Fed Regist. 2017;82(229):
56703–56723.

39. U.S. Department of Agriculture, Food and Nutrition Service. Child
nutrition programs: flexibilities for milk, whole grains, and sodium
requirements: final rule. Fed Regist. 2018;83(238):63775–63794.

40. Whole Grains Council. WG for school meal programs. https://
wholegrainscouncil.org/wg-school-meal-programs. Accessed August
17, 2018.

41. Pliner P. The effects of mere exposure on liking for edible substances.
Appetite. 1982;3(3):283–290. https://doi.org/10.1016/S0195-6663(82)
80026-3.
July 2019
42. Goss S, Biehl E, Marshall B, et al. Role of the elementary school cafete-
ria environment in fruit, vegetable, and whole-grain consumption by
6- to 8-year-old students. J Nutr Educ Behav. 2019;51(1):41–47.
https://doi.org/10.1016/j.jneb.2018.07.002.

43. Birch L. Development of food preferences. Annu Rev Nutr. 1999;19
(1):41–62. https://doi.org/10.1146/annurev.nutr.19.1.41.

44. Daniel C. Economic constraints on taste formation and the true cost of
healthy eating. Soc Sci Med. 2016;148(1):34–41. https://doi.org/
10.1016/j.socscimed.2015.11.025.

45. Bartlett S, Olsho L, Klerman J. Evaluation of the Fresh Fruit and Vege-
table Program (FFVP): final evaluation report. Alexandria, VA: U.S.
Department of Agriculture, Food and Nutrition Service; 2013.

46. Ohri-Vachaspati P, Dachenhaus E, Gruner J, et al. Fresh fruit and veg-
etable program and requests for fruits and vegetables outside school
settings. J Acad Nutr Diet. 2018;118(8):1408–1416. https://doi.org/
10.1016/j.jand.2017.10.013.

47. Kelder S, Peny C, Klepp K, et al. Longitudinal tracking of adoles-
cent smoking, physical activity, and food choice behaviors. Am J
Public Health. 1994;84(7):1121–1126. https://doi.org/10.2105/
AJPH.84.7.1121.

48. Mannino L, Lee Y, Mitchell D, et al. The quality of girls’ diets declines
and tracks across middle childhood. Int J Behav Nutr Phys Act. 2004;1
(1):1–11. https://doi.org/10.1186/1479-5868-1-5.

http://www.ers.usda.gov/amber-waves/2013/september/eating-better-at-school-can-new-policies-improve-children-s-food-choices/
https://doi.org/10.1016/j.jand.2018.01.010
https://doi.org/10.1016/j.jand.2018.01.010
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0030
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0030
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0030
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0030
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0031
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0031
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0031
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0031
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0032
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0032
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0032
https://wholegrainscouncil.org/wg-school-meal-programs
https://wholegrainscouncil.org/wg-school-meal-programs
https://doi.org/10.1016/S0195-6663(82)80026-3
https://doi.org/10.1016/S0195-6663(82)80026-3
https://doi.org/10.1016/j.jneb.2018.07.002
https://doi.org/10.1146/annurev.nutr.19.1.41
https://doi.org/10.1016/j.socscimed.2015.11.025
https://doi.org/10.1016/j.socscimed.2015.11.025
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0037
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0037
http://refhub.elsevier.com/S0749-3797(19)30054-6/sbref0037
https://doi.org/10.1016/j.jand.2017.10.013
https://doi.org/10.1016/j.jand.2017.10.013
https://doi.org/10.2105/AJPH.84.7.1121
https://doi.org/10.2105/AJPH.84.7.1121
https://doi.org/10.1186/1479-5868-1-5

	Dietary Guidance and New School Meal Standards: Schoolchildren's Whole Grain Consumption Over 1994-2014
	INTRODUCTION
	METHODS
	Study Population
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	Supplemental material
	REFERENCES



