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a b s t r a c t 

Consumption of whole grains confers multiple benefits and is an important source of fiber; 

as such, federal programs have updated policies to support increased whole grain consump- 

tion. Limited literature is available on consumption among young children and before and 

after nutrition policy changes. We assessed whole grain and fiber consumption among chil- 

dren aged 12 to 47.9 months participating in the Feeding Infants and Toddlers Study 2008 

( n = 2385) and 2016 ( n = 1733) to address this information gap. The percent consuming whole 

grains was determined using predicted marginals and compared between years using t -tests 

from weighted logistic regression. For children consuming whole grains, the Usual Intake 

method was used to estimate mean grams of whole grains and fiber intake from whole 

grains. Models were adjusted for child age, sex, race and ethnicity, and total energy intake, 

and household poverty level, caregiver education, marital status, ever breastfed, and Special 

Supplemental Nutrition Program for Women, Infants, and Children status. A higher percent- 

age of children consumed whole grain foods in 2016 compared to 2008 (74.4%, standard error 

[SE] 0.02 vs. 65.2%, SE 0.02; P = .0001) and they ate a greater amount of whole grains (23.4 g, 

SE 0.32 vs. 19.1 g, SE 0.23, P < .0001). Children in 2016 consumed 30.8% more fiber from whole 

grains compared to children from 2008 ( P < .0001). Grams of whole grains consumed from 

sweet bakery items and cereal/nutrition bars ( P = .0003) and baby food cereal ( P = .0123) were 
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significantly higher in 2016 compared to 2008. Whole grain consumption among young chil- 

dren aged 12 to 47.9 months was higher in 2016 compared to 2008, providing more dietary 

fiber. Despite promising changes between 2008 and 2016, many young children in 2016 were 

still falling short of meeting whole grain recommendations. 

© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI 

training, and similar technologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Whole grain consumption is associated with reduced risk of
chronic disease, including cardiovascular diseases, type 2 di-
abetes, and some forms of cancer such as colorectal cancer
[ 1–4 ] and is also associated with a reduced risk of weight gain
[ 5 ,6 ]. The benefits of whole grain consumption for adults are
well documented; however, limited literature is available on
young children [ 7 ]. The studies with children show increased
consumption is associated with better diet quality, nutrient
intake, and reduced risk of obesity [ 8–10 ]. Whole grain foods
retain all parts of the grain and include important vitamins,
minerals, and phytochemicals [ 11 ]. The protective health ben-
efits of whole grains can be attributed to these nutrients, but
dietary fiber also plays an important role [ 12 ]. Whole grain
foods are an important contributor to dietary fiber intake
in both children and adults [ 13 ]. In children, adequate fiber
intake has short-term benefits like constipation relief and
improved gut microbiota; potential long-term benefits, such
as protection against obesity-related disease, are less under-
stood [ 14–16 ]. In the United States, an estimated 15% of di-
etary fiber comes from whole grain foods [ 17 ]. Thus, Ameri-
cans need to be encouraged to increase intake of whole grain
foods high in dietary fiber. 

In the United States, several policies encourage and sup-
port the consumption of whole grains. Since 2005, the federal
Dietary Guidelines for Americans (DGAs) have recommended
adults and children consume at least half of their total grain
intake from whole grains [ 18–20 ]. The DGAs play a critical role
in federal nutrition programs and labeling regulations, which
in turn can influence food marketing and product reformu-
lations, making healthier products more readily available to
all consumers [ 21 ]. In 2010, the Healthy, Hunger-Free Kids Act
required that all grains offered as part of the National School
Lunch Program (NSLP) and the School Breakfast Program (SBP)
contain at least 50% whole grains [ 22 ,23 ]. These updates led to
improvements in the diet quality of children [ 24 ,25 ]. The cur-
rent US Department of Agriculture (USDA) nutrition guidelines
for school meals require that at least 80% of the weekly grains
offered in the NSLP and SBP be “whole grain-rich,” as defined
by the USDA (e.g., must contain at least 8 g of whole grain per
ounce) [ 26 ]. Of particular relevance to the diets of young chil-
dren, the Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) in 2009 included whole grains as
part of the food package for the first time, which significantly
impacted the purchasing of whole grain products [ 27 ]. 

This study fills a gap in the literature by using data from
the 2008 and 2016 Feeding Infants and Toddlers Study (FITS) to
assess young children’s intake of whole grain foods and fiber
from whole grain foods before and after federal policies went
Downloaded for Anonymous User (n/a) at Defense Health Agen
21, 2026. For personal use only. No other uses without permis
into effect. FITS is among the largest and most comprehen-
sive dietary survey of young children in the United States. Al-
though not nationally representative, its rigorous study design
provides data on a broad socioeconomic sample of children
using state-of-the-art 24-hour dietary recall methodology [ 28 ].

The hypothesis of this study is that intake of whole grain
foods in children will be higher in 2016 compared to 2008.
Thus, this study aims to determine: (1) whether a higher
percentage of young children are consumers of whole grain
foods—that is, eating any foods listing whole grains as a
first ingredient—in 2016 compared to 2008; (2) whether young
children who are whole grain consumers consume larger
amounts of whole grain foods in 2016 compared to 2008 and
how that contributes to their fiber intake from whole grains;
and (3) what foods are providing the main sources of whole
grains. This study offers a unique opportunity to assess young
children’s whole grain and fiber intake during a period of pol-
icy change, which can inform future policy and intervention
efforts aimed at improving whole grain intake in young chil-
dren in the United States. 

2. Methods and materials 

2.1. Study design: FITS 2008 and 2016 and participants 

FITS is a series of cross-sectional surveys of food and bever-
age intake in random national samples of children from birth
through age 47.9 months in the United States. FITS data were
collected by telephone. This study includes data from the 2008
and 2016 FITS only because whole grain intake was not as-
sessed in the 2002 FITS. Detailed FITS 2008 and 2016 survey
procedures and the design are presented elsewhere [ 28 ,29 ].
In brief, households were identified through 4 stratified ran-
dom sampling frames to obtain target sample sizes in cells
based on 12 age groups and participation in WIC. The sam-
pling plans reflect the geographic and sociodemographic di-
versity of households with young children across the 50 states
and Washington, DC. The 2008 samples were drawn from tar-
geted lists of prenatal and postnatal records from the New Par-
ent Database from Experian Information Solutions, Inc. (Costa
Mesa, CA, USA); the 2016 sample was drawn from a combi-
nation of the New Parent Database, address-based and cell
phone sampling frames, and a web panel. The sample for this
study included infants and young children ages 12 to 47.9
months from FITS 2008 ( n = 2385) and FITS 2016 ( n = 1733). Fur-
ther details of the sampling and methodology are available in
methods publications from each of the FITS [ 28 ,29 ]. Sampling
weights were calculated to account for the probability of selec-
tion and adjusted for nonresponse and incomplete coverage
to reflect the U.S. population younger than 4 years of age. 
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.
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2.2. Data collection 

Structured telephone interviews were conducted by highly
trained interviewers with the primary caregiver of the se-
lected child (1 child per household). Interviewers administered
a comprehensive household survey with the mother or pri-
mary caregiver assessing self-reported household sociodemo-
graphic characteristics including sex, race and ethnicity, and
feeding behaviors of infants and young children. All inter-
views and materials were available in both English and Span-
ish. Informed verbal consent was obtained from all partici-
pants involved in the study. All 2008 instruments and proce-
dures were reviewed and approved by the University of Min-
nesota and Mathematica Policy Research’s independent insti-
tutional review boards (Public/Private Ventures, Philadelphia,
PA) and 2016 materials were reviewed and approved by the in-
stitutional review boards of RTI International (IRB 13781), the
University of Minnesota, and the Docking Institute of Public
Affairs, Fort Hays State University. As described in Briefel 2010
and Anater 2016, FITS 2008 and 2016 complied with HHS Pol-
icy for Protection of Human Research Subjects (45 CFR part 46)
[ 28 ,29 ]. The current project relied on nonidentifiable informa-
tion. 

2.3. Dietary intake 

Following the questionnaires, a multiple-pass 24-hour dietary
recall was conducted by telephone. A second 24-hour recall
was collected at least 1 week later on a random subset of re-
spondents (21% in 2008, and 25% in 2016) to estimate usual
nutrient intakes; mean intakes and standard errors are pre-
sented in this paper. Before reporting dietary intakes, respon-
dents were mailed materials to assist them with accurate re-
porting of portion sizes. These included a ruler, a measuring
cup, and a Food Measurement Aids booklet. Dietary intake
data were collected using the Nutrient Data System for Re-
search (NDSR) software versions 2008 and 2015, University of
Minnesota Nutrition Data System for Research, Minneapolis,
MN [ 30 ]. 

2.4. Dietary data 

This analysis used the NDSR definition of whole grain foods,
which includes foods that list the whole grain ingredient as
the first ingredient on the food label [ 31 ]. Products that have
whole grain listed elsewhere on a product label were not con-
sidered “whole grain foods” because whole grain was not a
predominant ingredient. The NDSR serving size food file was
used because NDSR data collected before 2013 does not in-
clude ounce equivalents for grains. The serving size food file
reports the number of servings of whole grains a product con-
tains; we converted serving size to grams using a multiplier
of 16 [ 32 ]. To determine fiber intake from whole grain foods,
the distributions of grain type from each food were assessed
(i.e., percent from refined grains, some whole grains, and 100%
whole grains). In 2008, there were 8 instances of fiber com-
ing from mixed grain foods (i.e., from whole grain foods as
well as foods with some whole grain and/or refined grains);
in 2016, there were 38 instances of fiber coming from mixed
grain foods. Given the small amount of fiber coming from
Downloaded for Anonymous User (n/a) at Defense Health Agency
21, 2026. For personal use only. No other uses without permissi
mixed grain foods that also included whole grains, they were
included in the “fiber coming from whole grain foods” cate-
gory before most refined grain foods do not contain substan-
tial amounts of fiber [ 33 ,34 ]. Therefore, in 2008 0.3% of fiber
from whole grain foods also included some mixed grains, and
in 2016 1.5% of fiber from whole grain foods also included
some mixed grains. Final calculations were completed using
NDSR (version 2015). The NDSR time-related database updates
analytic data while maintaining nutrient profiles true to the
version used for data collection. 

2.5. Statistical analyses 

All statistical analyses were performed using SAS (version 9,
SAS Institute Inc., Cary, NC, USA) and SAS-callable SUDAAN
(version 11, RTI International, Research Triangle Park, NC, USA)
software. All analyses used the sampling weights to account
for differential probabilities of selection and the complex sam-
ple design (Appendix 1) [ 35 ]. A weighted logistic regression
model that accounted for the FITS complex survey design was
used to estimate percent consuming whole grains and stan-
dard error (SE) using up to two 24-hour dietary recalls. For each
child, the National Cancer Institute’s Usual Intake method was
used to estimate average grams per day and SE of whole grains
and fiber from whole grains using up to two 24-hour dietary
recalls (data was from foods only and did not include dietary
supplements use) [ 36 ]. Covariates in all models included child
age, child sex, child race and ethnicity, household poverty
level, caregiver education, marital status, whether child was
ever breastfed, and WIC enrolled status as well as total en-
ergy intake. Respondents with missing values for covariates
were excluded from the analyses. This resulted in removing
38 participants in 2008 and 38 participants in 2016. P < .05
was considered statistically significant. We did not adjust P
values for multiple comparisons given the descriptive nature
of the study, in line with existing recommendations, and to
highlight opportunities for future studies [ 37 ,38 ]. Percent con-
suming whole grain foods was determined using predicted
marginal means and compared between years using t -tests
from weighted logistic regression from SUDAAN. Grams per
consumer of whole grain foods and mean grams per day for
usual nutrient intake of fiber from whole grains were tested
between years and sociodemographic groups using indepen-
dent t -tests. To determine the top food sources contributing
to whole grain intake, we used the first day of intake to es-
timate the grams of whole grains per day coming from each
food source. Grams of whole grains from food sources were
analyzed using bivariate analyses by sociodemographic char-
acteristics. Differences between years were assessed using an
independent t -test. 

3. Results 

3.1. Sample characteristics 

Both the FITS 2008 and 2016 samples included mostly non-
Hispanic White children and caregivers who were married
and had at least a college degree ( Table 1 ). In both the FITS
2008 and 2016, most children were ever breastfed (80.4% and
 Consortium from ClinicalKey.com by Elsevier on April 
on. Copyright ©2026. Elsevier Inc. All rights reserved.
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Table 1 – Unweighted count and percent of children 12 to 47.9 months old participating in the Feeding Infants and Toddlers 
Study 2008 and 2016. 

FITS 2008, n (%) FITS 2016, n (%) 

Total Whole grain 

consumers 
Total Whole grain 

consumers 

Total a 2385 1571 1733 1283 
Age groups 

12–23.9 months 924 (38.7) 622 (39.6) 1133 (65.4) 850 (66.3) 
24–47.9 months 1461 (61.3) 949 (60.4) 600 (34.6) 433 (33.7) 
Sex 

Male 1243 (52.1) 804 (51.2) 853 (49.2) 630 (49.1) 
Female 1142 (47.9) 767 (48.8) 880 (50.8) 653 (50.9) 
Child race and ethnicity 

Hispanic 229 (9.6) 148 (9.4) 245 (14.2) 184 (14.4) 
Non-Hispanic White 1811 (75.9) 1208 (76.9) 1157 (67.0) 860 (67.1) 
Non-Hispanic Black 169 (7.1) 99 (6.3) 260 (15.0) 184 (14.4) 
Non-Hispanic other 176 (7.4) 116 (7.4) 66 (3.8) 53 (4.1) 
Federal poverty level b 

≤ 200% poverty level 822 (34.5) 502 (32.0) 908 (52.4) 645 (50.3) 
> 200% poverty level 1560 (65.5) 1067 (68.0) 825 (47.6) 638 (49.7) 
Caregiver education 
≤ High school 520 (21.9) 307 (19.6) 419 (24.2) 299 (23.3) 
Some postsecondary 392 (16.5) 239 (15.3) 363 (21.0) 256 (20.0) 
≥ College or graduate work 1466 (61.6) 1021 (65.2) 949 (54.8) 726 (56.7) 
Marital status 

Married 2063 (86.6) 1391 (88.5) 1180 (68.9) 899 (70.7) 
Separated or divorced 59 (2.5) 31 (2.0) 125 (7.3) 92 (7.2) 
Widowed 9 (0.4) 6 (0.4) 21 (1.2) 14 (1.1) 
Never married 153 (6.4) 78 (5.0) 199 (11.6) 137 (10.8) 
Living with partner 99 (4.2) 65 (4.1) 188 (11.0) 130 (10.2) 
Ever breastfed 

Yes 1897 (80.4) 1288 (83.0) 1363 (79.0) 1029 (80.6) 
No 461 (19.6) 263 (17.0) 363 (21.0) 248 (19.4) 
WIC status 

WIC enrolled 519 (21.8) 311 (19.8) 541 (31.3) 387 (30.3) 
WIC eligible, not enrolled 343 (14.4) 217 (13.8) 368 (21.3) 259 (20.3) 
Not WIC eligible 1521 (63.8) 1042 (66.4) 819 (47.4) 633 (49.5) 
Total energy (calories) 
< 800 249 (10.4) 156 (9.9) 216 (12.5) 162 (12.6) 
800–1099 622 (27.8) 440 (28.0) 502 (29.0) 362 (28.2) 
1100–1399 747 (31.3) 504 (32.1) 529 (30.5) 391 (30.5) 
1400 + 727 (30.5) 471 (30.0) 486 (28.0) 368 (28.7) 

FITS, Feeding Infants and Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants and Children. 
a Sum of subgroups may not add to total because of missingness. 
b Federal poverty level is based on reported income and household size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

79.0%, respectively); about one quarter were enrolled in WIC
(21.8% vs 30.3%, respectively). There were some notable demo-
graphic differences in the FITS samples across the 2 surveys;
the unweighted FITS 2016 sample had a larger number of 12-
to 23.9-month-olds, non-Hispanic Black children, and house-
holds with incomes less than 200% of the federal poverty level
compared to FITS 2008. The weighted samples used for anal-
ysis can be found in Appendix 1. 

3.2. Whole grain consumption 

Overall, a higher percentage of children consumed whole
grains in 2016 compared to 2008 (74.4% vs. 65.2%, P = .0001)
and consumers ate a greater amount per day (23.4 g vs. 19.1 g,
P < .0001) ( Table 2 ). Between 2008 and 2016, the percent of
Downloaded for Anonymous User (n/a) at Defense Health Agen
21, 2026. For personal use only. No other uses without permis
children consuming whole grains and grams of whole grains
per consumer were significantly higher across most of the so-
ciodemographic characteristics. There were no statistical dif-
ferences between 2008 and 2016 in percent consuming whole
grains for children who were female, Hispanic, > 200% poverty
level, never married, living with a partner, never breastfed,
enrolled in WIC, or WIC-eligible. However, there were signif-
icant differences in amount consumed among consumers,
with each group consuming higher amounts of whole grains
in 2016. For non-Hispanic Black children there was no signifi-
cant difference between 2008 and 2016 in the percent consum-
ing whole grains or grams of whole grains consumed. Hispanic
children, younger children, female children, and children from
caregivers with a high school education or less had the great-
est difference in grams of whole grains consumed among con-
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.
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Table 2 – Percent consuming whole grains and grams of whole grains consumed among consumers, by year, sociodemo- 
graphic characteristics and total energy intake among 12- to 47.9-month-olds participating in the Feeding Infants and 

Toddlers Study 2008 ( n = 2385) and 2016 ( n = 1733). 

Characteristic FITS 2008 FITS 2016 P value 

Percent 
consuming 
(SE) 

Grams per day 
per consumer 
(SE) 

Percent 
consuming 
(SE) 

Grams per day 
per consumer 
(SE) 

Percent 
consuming 

Grams per 
day per 
consumer 

Overall a , b 65.2 (0.02) 19.1 (0.22) 74.4 (0.02) 23.4 (0.32) .0001 < .0001 
Child age 12–23.9 months 64.6 (0.03) 15.0 (0.30) 77.0 (0.02) 20.2 (0.33) .0001 < .0001 

24–47.9 months 65.5 (0.02) 21.2 (0.30) 73.0 (0.02) 25.0 (0.57) .0135 < .0001 
Child sex Male 60.6 (0.02) 21.4 (0.34) 74.9 (0.02) 23.3 (0.46) < .0001 .0007 

Female 70.2 (0.02) 16.9 (0.29) 73.8 (0.02) 23.5 (0.43) .2248 < .0001 
Child race 
and ethnicity 

Hispanic 65.3 (0.04) 14.6 (0.60) 75.5 (0.04) 22.4 (0.80) .0728 < .0001 
Non-Hispanic 
White 

63.7 (0.02) 19.9 (0.26) 71.3 (0.02) 23.9 (0.39) .0068 < .0001 

Non-Hispanic 
Black 

69.1 (0.05) 22.0 (0.95) 75.1 (0.04) 22.6 (0.89) .3298 .6704 

Household 
income 

≤200% Poverty 
level 

61.4 (0.04) 18.8 (0.42) 73.1 (0.03) 23.4 (0.45) .0123 < .0001 

> 200% Poverty 
level 

69.0 (0.03) 19.3 (0.27) 75.8 (0.03) 23.6 (0.44) .1152 < .0001 

Caregiver 
education 

≤High school 
graduate 

64.7 (0.03) 17.8 (0.53) 74.4 (0.03) 24.0 (0.68) .0316 < .0001 

Some 
postsecondary 

61.9 (0.04) 17.7 (0.56) 73.8 (0.03) 21.6 (0.66) .0134 < .0001 

≥College degree 66.6 (0.03) 20.0 (0.28) 74.7 (0.02) 23.8 (0.42) .0192 < .0001 
Marital status Married 67.3 (0.02) 19.4 (0.25) 75.1 (0.02) 24.0 (0.38) .0059 < .0001 

Never married 59.9 (0.06) 17.6 (0.99) 73.9 (0.05) 21.2 (0.90) .0732 .0081 
Living with 
partner 

66.8 (0.08) 16.8 (1.01) 67.4 (0.05) 22.8 (1.01) .9529 < .0001 

Ever 
breastfed 

Yes 66.8 (0.02) 19.1 (0.25) 76.1 (0.02) 23.4 (0.35) .0003 < .0001 
No 59.6 (0.03) 19.1 (0.58) 68.4 (0.04) 23.5 (0.74) .0778 < .0001 

WIC status WIC enrolled 62.7 (0.04) 19.3 (0.56) 69.3 (0.04) 23.6 (0.58) .1953 < .0001 
WIC eligible, not 
enrolled 

71.0 (0.04) 18.5 (0.62) 76.7 (0.04) 23.4 (0.73) .3448 < .0001 

Not WIC eligible 64.5 (0.04) 19.2 (0.27) 76.8 (0.03) 23.5 (0.44) .0078 < .0001 
Total energy 
(calories) 

< 800 67.9 (0.05) 12.6 (0.47) 73.7 (0.05) 16.0 (0.57) .405 < .0001 
800–1099 62.8 (0.03) 15.4 (0.33) 73.1 (0.03) 18.8 (0.44) .020 < .0001 
1100–1399 65.8 (0.03) 19.4 (0.35) 70.5 (0.03) 22.4 (0.47) .257 < .0001 
1400 + 65.7 (0.03) 24.6 (0.45) 78.8 (0.02) 29.2 (0.66) .000 < .0001 

FITS, Feeding Infants and Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants and Children. 
a Weighted data were used and adjusted for child age, child sex, child race and ethnicity, poverty level, caregiver education, marital status, 

whether child was ever breastfed, WIC enrolled status, and total energy intake. 
b Sum of subgroups may not add to total because of missingness; non-Hispanic Other, separated or divorced, and widowed have been 

omitted because of small sample sizes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sumers between 2008 and 2016 (14.6 g vs 22.4 g, 15.0 g vs 20.2 g,
16.9 g vs 23.5 g, and 17.8 g vs 24.0 g, respectively). 

Within each sociodemographic characteristic, there were
some significant differences. In 2008, more female children
were consuming whole grains compared to male children
( P = .0231), but among consumers, males ate more grams of
whole grains ( P < .0001). Hispanic children consumed fewer
grams of whole grains among consumers compared to non-
Hispanic Black ( P < .0001) and non-Hispanic White children
( P < .0001), and non-Hispanic Black children consumed more
compared to non-Hispanic White children ( P = .0168). Chil-
dren from caregivers with a college education consumed
more than those with a high school education or less or
some postsecondary education ( P < .0001). In 2008 and 2016,
among consumers younger children consumed fewer grams
Downloaded for Anonymous User (n/a) at Defense Health Agency
21, 2026. For personal use only. No other uses without permissi
of whole grains per consumer compared to older children ( P
< .0001). In 2016, children from caregivers with some postsec-
ondary school consumed less whole grains than those with a
high school education or a college education ( P = .0084 and
P = .0036, respectively). 

3.3. Fiber consumption 

Among those children who consumed whole grains, fiber in-
take from whole grain foods was significantly higher in 2016
compared to 2008 (3.0 g vs. 2.3 g, P < .001, Table 3 ). Between
2008 and 2016, daily fiber intake from whole grains per con-
sumer was significantly higher within all sociodemographic
characteristics, except for non-Hispanic Black children where
there was no significant difference (2.7 g vs 2.9 g, P = .2738).
 Consortium from ClinicalKey.com by Elsevier on April 
on. Copyright ©2026. Elsevier Inc. All rights reserved.
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Table 3 – Usual nutrient intake of fiber from whole grain foods among whole grain consumers, by year, sociodemographic 
characteristics and total energy intake among 12- to 47.9-month-olds participating in the Feeding Infants and Toddlers 
Study ( n = 1571) and 2016 ( n = 1283). 

FITS 2008 FITS 2016 
Characteristics Mean (SE) Mean (SE) P value 

Overall a , b 2.32 (0.03) 3.04 (0.05) < .0001 
Child age 12–23.9 months 1.83 (0.04) 2.65 (0.05) < .0001 

24–47.9 months 2.57 (0.04) 3.24 (0.08) < .0001 
Child sex Male 2.59 (0.05) 3.01 (0.06) < .0001 

Female 2.05 (0.04) 3.05 (0.06) < .0001 
Child race and ethnicity Hispanic 1.66 (0.08) 2.89 (0.11) < .0001 

Non-Hispanic White 2.43 (0.04) 3.13 (0.06) < .0001 
Non-Hispanic Black 2.73 (0.14) 2.94 (0.13) .2738 

Household income ≤200% poverty level 2.26 (0.06) 3.00 (0.06) < .0001 
> 200% poverty level 2.35 (0.04) 3.12 (0.06) < .0001 

Caregiver education ≤High school 2.06 (0.07) 3.09 (0.10) < .0001 
Some postsecondary 2.25 (0.08) 2.73 (0.09) .0002 
≥College or graduate work 2.43 (0.04) 3.13 (0.06) < .0001 

Marital status Married 2.35 (0.04) 3.10 (0.05) < .0001 
Never married 2.09 (0.14) 2.69 (0.13) .0019 
Living with partner 2.11 (0.15) 3.04 (0.13) < .0001 

Ever breastfed Yes 2.32 (0.04) 3.06 (0.05) < .0001 
No 2.31 (0.08) 2.99 (0.10) < .0001 

WIC status WIC enrolled 2.33 (0.08) 3.02 (0.08) < .0001 
WIC eligible, not enrolled 2.20 (0.09) 3.03 (0.10) < .0001 
Not WIC eligible 2.34 (0.04) 3.09 (0.06) < .0001 

Total energy < 800 1.53 (0.07) 2.04 (0.08) < .0001 
800–1099 1.88 (0.05) 2.44 (0.06) < .0001 
1100–1399 2.38 (0.05) 2.90 (0.07) < .0001 
1400 + 2.94 (0.07) 3.81 (0.10) < .0001 

FITS, Feeding Infants and Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants and Children. 
a Weighted data were used and adjusted for child age, child sex, child race and ethnicity, poverty level, caregiver education, marital status, 

whether child was ever breastfed, WIC enrolled status, and total energy intake. 
b Sum of subgroups may not add to total because of missingness; non-Hispanic Other, separated or divorced, and widowed have been 

omitted because of small sample sizes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Among children consuming whole grains, Hispanic children
had the greatest difference in fiber intake from whole grains
with a 74.4% higher intake in 2016, this was followed by chil-
dren from caregivers with a high school education or less with
49.9% higher intake and younger children with a 44.9% higher
intake in 2016. 

Within sociodemographic characteristics, there were some
significant differences. In 2008, younger children had fewer
grams of fiber from whole grains per consumer compared to
older children ( P < .0001); Hispanic children had fewer grams
of fiber from whole grains compared to non-Hispanic Black
and non-Hispanic White children ( P < .0001). Male children
had more grams of fiber from whole grains per consumer
compared to female children ( P < .0001). Children from care-
givers with a high school education or less had fewer grams of
fiber from whole grains per consumer compared to those with
caregivers with a college degree or more ( P < .0001). In 2016,
younger children had fewer grams of fiber from whole grains
per consumer compared to older children ( P < .0001); children
from married caregivers had more compared to children from
caregivers who were never married ( P = .0030). Children from
caregivers with some postsecondary education had less grams
of fiber compared to those with caregivers with a high school
education or less ( P = .0059) and those with a college educa-
tion or more ( P = .0002). 
Downloaded for Anonymous User (n/a) at Defense Health Agen
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3.4. Food sources 

Overall, in 2008, 70.2% of grams of whole grains consumed
per day came from ready-to-eat cereal (5.2 g), followed by hot
cereal (4.5 g) and bread (3.7 g) ( Figure 1 ). In 2016, the top 3
whole grain food groups were the same as 2008, but only con-
tributed 57.5% of whole grains consumed: ready-to-eat cereal
(5.0 g), bread (4.5 g), and hot cereal (4.0 g). These were fol-
lowed by chips and other salty snacks; sweet bakery items
and cereal/nutrition bars; pasta and rice; crackers, pretzels,
and rice cakes; pancakes, waffles, and French toast; and baby
food cereal. These 9 food groups accounted for 95.1% of all
whole grains consumed by whole grain consumers in 2008
compared to 90.6% in 2016. Overall, a higher percentage of
grams of whole grains came from sweet bakery items and ce-
real/nutrition bars ( P = .0003) and baby food cereal ( P = .0123)
from 2008 to 2016. Across demographic characteristics, the
top foods consumed remained similar with no notable differ-
ences. 

4. Discussion 

According to national data from FITS, not only were a higher
percentage of young children consuming whole grains in 2016,
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.
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Fig. 1 – Most commonly consumed whole grain foods by percent of total whole grain foods presented by year and 

demographic group among 12- to 47.9-month-olds participating in the Feeding Infants and Toddlers Study 2008 and 2016. 
WIC, Special Supplemental Nutrition Program for Women, Infants and Children. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

but those who consumed larger amounts compared to their
2008 counterparts. Among consumers of whole grains, chil-
dren also consumed larger amounts of fiber from whole grains
in 2016 compared to 2008. This is a promising result when it
comes to improving the diet quality of young children because
higher intake of whole grains and fiber has been associated
with improved overall diet quality among both children and
adults [ 39–42 ]. Nevertheless, almost one third (approximately
30%) of children were not consuming any whole grains on a
given day. Moreover, among those who did consume whole
grains, intake was below recommended levels [ 18 ]. The 2020–
Downloaded for Anonymous User (n/a) at Defense Health Agency
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2025 DGA recommend young children have between 1.5-to-3-
ounce equivalents of whole grains each day, which is equal to
24 to 48 g, depending on total calorie intake [ 18 ]. Thus, on aver-
age, children were not eating the minimum amount of whole
grains but are improving and approaching the minimally rec-
ommended amount. Although this study looked at fiber intake
from whole grain foods only, it is likely children are not meet-
ing recommendations for total fiber intake either. The DGA
recommend children consume between 14 and 19 grams of
fiber each day depending on age [ 18 ]. It is unlikely that whole
grains were being substituted with fruits or vegetables, which
 Consortium from ClinicalKey.com by Elsevier on April 
on. Copyright ©2026. Elsevier Inc. All rights reserved.
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are other important contributors of fiber; previous analyses
of the FITS 2016 data showed that more than 20% of infants
and toddlers were not consuming a single serving of fruit on
a given day, and approximately 30% were not consuming veg-
etables [ 43 ,44 ]. Although not assessed in this analysis, other
research has found that more than half of U.S. children have
poor diets and overconsume foods that lack fiber and other
important vitamins and minerals, such as refined grains, sug-
ary drinks and sweets, and saturated fat [ 45 ]. Thus, more ef-
forts are needed to improve children’s whole grain and fiber
intake. Finding ways to increase consumption of 100% whole
grain foods could better contribute to improving fiber intake. 

Although few studies have assessed whole grain intake in
national samples of young children, studies among older chil-
dren show whole grain intake is below recommended levels
[ 39 ,46 ,47 ]. Using the National Health and Nutrition Examina-
tion Survey (NHANES) 2015–2016 data, Smith et al. assessed
intake in children aged 0.5 to 17 years and found whole grain
intake was low, especially for children younger than 2 years
of age [ 48 ]. However, those who consumed ready-to-eat ce-
real had higher intakes, a potential strategy for meeting rec-
ommendations [ 49 ]. Lin et al. used nationally representative
data from the Continuing Survey of Food Intakes by Individu-
als and NHANES to assess trends in whole grain intake from
1994 to 2018 among individuals aged 2 years and older [ 46 ].
They found increases in consumption of whole grains among
school children (aged 5–19 years) likely because of changes in
school nutrition standards requiring the inclusion of whole
grain-rich foods, but intakes were still below recommended
levels. Using data from the FITS 2008, Fox et al. found that 94%
of 2- to 3-year olds did not meet the minimum recommended
intake for whole grains (1.5 ounce equivalents/1000 calories)
[ 50 ]. Guthrie et al. reported overall fiber intake for both 12- to
23.9- and 24- to 47.9-month olds participating in the 2008 and
2016 FITS and found 99% consumed less than the Adequate
Intake for dietary fiber (19 g/d) in 2008 and 97% and 91%, re-
spectively in 2016 [ 51 ]. NHANES is similar to FITS in that it col-
lects dietary recalls on children < 2 years of age, but sample
sizes are small, particularly for differentiating breast vs bot-
tle fed children. However, FITS collects data via telephone and
therefore lack anthropometric data [ 52 ]. Both studies are im-
portant for assessing the dietary habits of U.S. children. 

More children enrolled in WIC consumed whole grains in
2016 than in 2008; nevertheless, a sizable minority in our sam-
ple did not. This was unexpected given the 2009 addition of
whole grain products to the WIC food packages [ 53 ]. Central to
the 2009 revision was ensuring at least half of the total num-
ber of breakfast cereals in the state agency food list be whole
grain. Thus, it is likely that many non–whole grain cereals are
still being purchased with WIC benefits. In fact, Stewart et al.
found that whole grain cereal purchases were no different in
WIC and non-WIC households [ 54 ]. Perhaps our findings re-
flect the changing landscape of how families eat. Many con-
sumers are switching from eating breakfasts focused on whole
grains, like ready-to-eat cereal and hot cereal, to more egg-
based breakfasts [ 55 ]. Breakfast habits may have changed in
the interest of convenience, with children eating foods more
suitable for on the go, like nutrition bars, instead of sitting
down to eat a bowl of cereal. This is supported by the changes
we see in the top food sources of whole grains between 2008
Downloaded for Anonymous User (n/a) at Defense Health Agen
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and 2016 with sweet bakery items and cereal/nutrition bars
being larger contributors. 

Federal policy, including the changes to the WIC food pack-
age and the NSLP and SBP, likely incentivized product refor-
mulations to include whole grains and increased their avail-
ability [ 56 ]. This, along with nutrition education and promo-
tion, perhaps explains the higher amount of whole grains con-
sumed among all children in FITS 2016 compared to 2008 [ 47 ].
After introduction of the new WIC food packages, improve-
ments in healthy food availability were observed in WIC and
non-WIC stores [ 57–59 ]. But improvements were more pro-
nounced for WIC-authorized stores, especially those in lower-
income areas, and were driven primarily by the greater avail-
ability and variety of whole-grain products [ 60 ,61 ]. For exam-
ple, although there was no significant difference in the per-
cent of Hispanic children consuming whole grains in 2016
(likely because of already high levels of whole grain foods
like corn tortillas [ 62 ]), those who ate whole grains consumed
more grams of whole grains. Perhaps this lack of difference is
due to product reformulations, meaning they were eating the
same foods, but now these foods had more whole grains in
them [ 47 ]. The same could be said for other groups of children
consuming higher amounts of whole grains, including those
living in low-income households, those enrolled in WIC, and
those eligible, but not enrolled; these children may have pas-
sively been consuming more whole grains because of product
reformulations. 

The increased availability of whole grain foods created by
product reformulation may have been helpful to parents, who
are critical in shaping the household food environment. Al-
though the difference in consumption of whole grain foods
and fiber from whole grains foods was small across the 2
timepoints, the significance is noteworthy. Food preferences
develop early in life and can be difficult to change as chil-
dren age [ 63 ]. Early and repeated exposure is 1 of the pri-
mary determinants of acceptance [ 64 ]. As noted by a recent
review, 1 of the most effective ways to facilitate whole grain
intake in children is to increase the availability and variety
of foods containing whole grains [ 65 ]. However, many par-
ents struggle with including whole grains in the household
diet [ 66 ]. The use of vague and nonspecific terms on food
packages (e.g., “multigrain,” “wheat,” or “stone-ground”) can
make identifying whole grain products difficult and confus-
ing [ 67 ]. Manufacturers may label their products with terms
that are similar to, but slightly different from the Food and
Drug Administration–approved Whole Grain Health Claim. For
example, the following terms can be found on products that
are not Food and Drug Administration–approved whole grain
products: “whole grain,” “made with whole grains,” “made
with whole wheat,” or “contains whole grains [ 67 ,68 ]. Con-
sumers may purchase these products wanting to increase
whole grain intake for themselves and their families, expect-
ing them to be better sources of whole grains than they ac-
tually are. The increased amounts of whole grains obtained
from sweet bakery items and cereal/nutrition bars between
2008 and 2016 may reflect a response to consumer desire to
improve whole grain intake. However, the actual amount of
whole grains included, along with other less nutritious food
qualities such as added sugar and fat, may not be clear to con-
sumers. Critical comprehensive examination of the positive
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.
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and negative impacts of reformulation may be helpful to con-
sumers and inform decisions about food labeling. 

Our analyses are subject to limitations common in dietary
analyses including the issue of measurement error, which can
be more challenging in young children given variable day-to-
day intake and the reliance on proxy report. As with most self-
reported dietary intake data, the data may be subject to recall
bias. However, results are based on validated methods for es-
timating food and nutrient intake and reliable survey meth-
ods to collect proxy-reports. Before 2013, NDSR output did not
include ounce equivalents for grains, making it challenging
to determine the precise amount of whole grains consumed.
Given we were interested in comparing the 2 timepoints, we
used the serving size file output and converted to grams for
ease in interpretation. In addition, the most recent FITS data
are from 2016 and dietary intake and product availability and
composition may have changed since then. Last, despite in-
clusion of a diverse socioeconomic group of respondents, our
sample may not be representative of the general U.S. popula-
tion [ 28 ]; thus, data were weighted to provide U.S. population-
representative results. 

5. Conclusion 

Whole grain consumption among young children was higher
in 2016 compared to 2008, which led to higher consumption
of fiber from whole grains as well. Although these are pos-
itive changes, many children are still falling short of meet-
ing recommendations for whole grain intake. Whole grains
are an important source of fiber, vitamins, and minerals; as
such, efforts were made to include them in federal school nu-
trition programs and were added to WIC food packages. These
changes likely led to increased availability and reformulations
of products, making it easier for children to consume whole
grains both at home and away from home in childcare set-
tings and schools. However, some marketing, product label-
ing, and product reformulations can contribute to consumer
confusion and lead to purchases of products that do not con-
tribute as importantly to whole grain intake as consumers be-
lieve. Future research is needed to assess the impacts of pol-
icy changes in WIC, school meals, and meals served through
the Child and Adult Care Food Program on child intake and on
longer-term development of preferences and whole grain con-
sumption. Consumer research on food labeling and consumer
purchasing can assist development of labeling regulations and
consumer education programs that assist parents of young
children. Finally, monitoring trends in eating habits, such as
the shift to different types of breakfast foods, may provide
insight into factors influencing whole grain intakes and the
types of whole grain products that could fit changing habits.
The next FITS (and other national dietary surveys) could shed
light on whether improvements in young children’s whole
grain intakes continue. 

Author declarations 

The authors declare no conflict of interest. J.G. participated in
this paper while an employee of the U.S. Department of Agri-
Downloaded for Anonymous User (n/a) at Defense Health Agency
21, 2026. For personal use only. No other uses without permissi
culture, Economic Research Service, and A.A. participated in
this paper while an employee of RTI. However, the findings
and conclusions in this paper are those of the authors and
should not be construed to represent any official USDA or U.S.
government determination or policy. 

CRediT authorship contribution statement 

Melissa C. Kay: Writing – review & editing, Writing – orig-
inal draft, Visualization, Project administration, Methodol-
ogy, Conceptualization. Andrea Anater: Writing – review &
editing, Writing – original draft, Methodology, Conceptualiza-
tion. Joanne Guthrie: Writing – review & editing, Supervision,
Methodology, Conceptualization. Joel Hampton: Writing – re-
view & editing, Software, Methodology, Formal analysis, Data
curation, Conceptualization. Mary Story: Writing – review &
editing, Supervision, Methodology, Conceptualization. 

Acknowledgment 

None. 

Sources of support 

Support for M.C.K. was provided by the Duke Center for Re-
search to Advance Healthcare Equity (REACH Equity), which
is supported by the National Institute on Minority Health
and Health Disparities under award number U54MD012530
and the National Center for Advancing Translational Sciences
of the National Institutes of Health under Award Number
1KL2TR002554 . The FITS research was funded by Nestlé Re-
search (Lausanne, Switzerland) through a contract with RTI
International and Mathematica Policy Research, Inc (Prince-
ton, NJ) and its subcontractor, the University of Minnesota.
There was no funding support for writing this article. The ar-
ticle contents are the responsibility of the authors and do not
represent the opinions or recommendations of Nestlé. All fun-
ders had no role in the preparation, review, or approval of the
manuscript and decision to submit the manuscript for publi-
cation. The findings and conclusions in this paper are those
of the authors and should not be construed to represent any
official USDA or U.S. government determination or policy. 

Supplementary materials 

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.nutres.2024.12.
007 . 

r e f e r e n c e s 

[1] Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, 
Greenwood DC, et al. Whole grain consumption and risk of 
cardiovascular disease, cancer, and all cause and cause 
specific mortality: systematic review and dose-response 
meta-analysis of prospective studies. BMJ 2016;353. 
doi: 10.1136/bmj.i2716 .
 Consortium from ClinicalKey.com by Elsevier on April 
on. Copyright ©2026. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.nutres.2024.12.007
https://doi.org/10.1136/bmj.i2716


10 Nutrition Research 135 (2025) 1–12

 

 

[2] Benisi-Kohansal S, Saneei P, Salehi-Marzijarani M, Larijani B, 
Esmaillzadeh A. Whole-grain intake and mortality from all 
causes, cardiovascular disease, and cancer: a systematic 
review and dose-response meta-analysis of prospective 
cohort studies. Adv Nutr 2016;7:1052–65. 
doi: 10.3945/an.115.011635 .

[3] Chen GC, Tong X, Xu JY, Han SF, Wan ZX, Qin JB, et al. 
Whole-grain intake and total, cardiovascular, and cancer 
mortality: a systematic review and meta-analysis of 
prospective studies. Am J Clin Nutr 2016;104:164–72. 
doi: 10.3945/ajcn.115.122432 .

[4] Hu H, Zhao Y, Feng Y, Yang X, Li Y, Wu Y, et al. Consumption 

of whole grains and refined grains and associated risk of 
cardiovascular disease events and all-cause mortality: a 
systematic review and dose-response meta-analysis of 
prospective cohort studies. Am J Clin Nutr 2023;117:149–59. 
doi: 10.1016/j.ajcnut.2022.10.010 .

[5] Roager HM, Vogt JK, Kristensen M, Hansen LBS, Ibrügger S, 
Mærkedahl RB, et al. Whole grain-rich diet reduces body 
weight and systemic low-grade inflammation without 
inducing major changes of the gut microbiome: a 
randomised cross-over trial. Gut 2019;68:83–93. 
doi: 10.1136/gutjnl- 2017- 314786 .

[6] Ye EQ, Chacko SA, Chou EL, Kugizaki M, Liu S. Greater 
whole-grain intake is associated with lower risk of type 2 
diabetes, cardiovascular disease, and weight gain. J Nutr 
2012;142:1304–13. doi: 10.3945/jn.111.155325 .

[7] Klerks M, Bernal MJ, Roman S, Bodenstab S, Gil A, 
Sanchez-Siles LM. Infant cereals: current status, challenges, 
and future opportunities for whole grains. Nutrients 
2019;11:473 .

[8] O’Neil CE, Nicklas TA, Zanovec M, Cho SS, Kleinman R. 
Consumption of whole grains is associated with improved 

diet quality and nutrient intake in children and adolescents: 
the National Health and Nutrition Examination Survey 
1999–2004. Public Health Nutr 2011;14:347–55. 
doi: 10.1017/S1368980010002466 .

[9] Fulgoni VL 3rd, Brauchla M, Fleige L, Chu Y. Association of 
whole-grain and dietary fiber intake with cardiometabolic 
risk in children and adolescents. Nutr Health 

2020;26:243–51. doi: 10.1177/0260106020928664 .
[10] Choumenkovitch SF, McKeown NM, Tovar A, Hyatt RR, 

Kraak VI, Hastings AV, et al. Whole grain consumption is 
inversely associated with BMI Z-score in rural school-aged 

children. Public Health Nutr 2013;16:212–18. 
doi: 10.1017/S1368980012003527 .

[11] Whole Grains Council. Definition of a whole grain. 
https://wholegrainscouncil.org/definition- whole- grain ; 2024 
[accessed November 13, 2024].

[12] Dahl WJ, Stewart ML. Position of the Academy of Nutrition 

and Dietetics: health implications of dietary fiber. J Acad 

Nutr Diet 2015;115:1861–70. doi: 10.1016/j.jand.2015.09.003 .
[13] Reicks M, Jonnalagadda S, Albertson AM, Joshi N. Total 

dietary fiber intakes in the US population are related to 
whole grain consumption: results from the National Health 

and Nutrition Examination Survey 2009 to 2010. Nutr Res 
2014;34:226–34. doi: 10.1016/j.nutres.2014.01.002 .

[14] Dayib M, Larson J, Slavin J. Dietary fibers reduce 
obesity-related disorders: mechanisms of action. Curr Opin 

Clin Nutr Metab Care 2020;23:445–50. 
doi: 10.1097/mco.0000000000000696 .

[15] Korczak R, Kamil A, Fleige L, Donovan SM, Slavin JL. Dietary 
fiber and digestive health in children. Nutr Rev 
2017;75:241–59. doi: 10.1093/nutrit/nuw068 .

[16] Cronin P, Joyce SA, O’Toole PW, O’Connor EM. Dietary fibre 
modulates the gut microbiota. Nutrients 2021;13. 
doi: 10.3390/nu13051655 .

[17] Kranz S, Dodd KW, Juan WY, Johnson LK, Jahns L. Whole 
Downloaded for Anonymous User (n/a) at Defense Health Agen
21, 2026. For personal use only. No other uses without permis
grains contribute only a small proportion of dietary fiber to 
the U.S. diet. Nutrients 2017;9. doi: 10.3390/nu9020153 .

[18] U.S. Department of Agriculture, U.S. Department of Health 

and Human Services. Dietary Guidelines for Americans, 
2020-2025. 9th edition. 2020.

[19] U.S. Department of Health and Human Services, U.S. 
Department of Agriculture. 2015–2020 Dietary Guidelines for 
Americans . 8th Edition. 2015.

[20] U.S. Department of Health and Human Services, U.S. 
Department of Agriculture. Dietary Guidelines for Americans, 
2005 . 2005.

[21] Moran AJ, Gu Y, Clynes S, Goheer A, Roberto CA, Palmer A. 
Associations between governmental policies to improve the 
nutritional quality of supermarket purchases and individual,
retailer, and community health outcomes: an integrative 
review. Int J Environ Res Public Health 2020;17. 
doi: 10.3390/ijerph17207493 .

[22] Hopkins LC, Gunther C. A historical review of changes in 

nutrition standards of USDA child meal programs relative to 
research findings on the nutritional adequacy of program 

meals and the diet and nutritional health of participants: 
implications for future research and the summer food 

service program. Nutrients 2015;7:10145–67. 
doi: 10.3390/nu7125523 .

[23] Marcason W. What are the new national school lunch and 

breakfast program nutrition standards? J Acad Nutr Diet 
2012;112:1112. doi: 10.1016/j.jand.2012.05.017 .

[24] Kinderknecht K, Harris C, Jones-Smith J. Association of the 
Healthy, Hunger-Free Kids Act with dietary quality among 
children in the US National School Lunch Program. JAMA 

2020;324:359–68. doi: 10.1001/jama.2020.9517 .
[25] Berger AT, Widome R, Erickson DJ, Laska MN, Harnack LJ. 

Changes in association between school foods and child and 

adolescent dietary quality during implementation of the 
Healthy, Hunger-Free Kids Act of 2010. Ann Epidemiol 
2020;47:30–6. doi: 10.1016/j.annepidem.2020.05.013 .

[26] Food and Nutrition Service, US Department of Agriculture . 
Child nutrition programs: transitional standards for milk, 
whole grains, and sodium. 87 Fed. Reg. 6984 (February 7, 
2022).

[27] Andreyeva T, Luedicke J. Federal food package revisions: 
effects on purchases of whole-grain products. Am J Prev Med
2013;45:422–9. doi: 10.1016/j.amepre.2013.05.009 .

[28] Anater AS, Catellier DJ, Levine BA, Krotki KP, Jacquier EF, 
Eldridge AL, et al. The Feeding Infants and Toddlers Study 
(FITS) 2016: study design and methods. J Nutr 2018;148 
1516s–1524s. doi: 10.1093/jn/nxy035 .

[29] Briefel RR, Kalb LM, Condon E, Deming DM, Clusen NA, 
Fox MK, et al. The Feeding Infants and Toddlers Study 2008: 
study design and methods. J Acad Nutr Diet 
2010;110:S16–26. doi: 10.1016/j.jada.2010.09.005 .

[30] Schakel SF. Maintaining a nutrient database in a changing 
marketplace: keeping pace with changing food products—a 
research perspective. J Food Compost Anal 2001;14:315–22. 
doi: 10.1006/jfca.2001.0992 .

[31] Nutrition Coordinating Center. NCC News Bite. 
https://www.ncc.umn.edu/ncc- news- bite- april- 2023/ ; 2023 
[accessed November 15, 2024].

[32] Food and Nutrition Services, USDA. Grain requirements in 

the CACFP: questions and answers. https://fns-prod. 
azureedge.us/sites/default/files/cacfp/CACFP09_2018os.pdf; 
2018 [accessed November 15, 2024.

[33] Delcour JA, Poutanen K. Fibre-rich and wholegrain foods: 
improving quality. Cambridge, UK: Woodhead; 2013 .

[34] Johnson J, Wallace TC. Whole grains and their bioactives: 
composition and health. New Jersey: Wiley; 2019 .

[35] SAS . Version 9.4. 2024.
[36] Tooze JA, Midthune D, Dodd KW, Freedman LS, 
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.

https://doi.org/10.3945/an.115.011635
https://doi.org/10.3945/ajcn.115.122432
https://doi.org/10.1016/j.ajcnut.2022.10.010
https://doi.org/10.1136/gutjnl-2017-314786
https://doi.org/10.3945/jn.111.155325
http://refhub.elsevier.com/S0271-5317(24)00167-2/sbref0007
https://doi.org/10.1017/S1368980010002466
https://doi.org/10.1177/0260106020928664
https://doi.org/10.1017/S1368980012003527
https://wholegrainscouncil.org/definition-whole-grain
https://doi.org/10.1016/j.jand.2015.09.003
https://doi.org/10.1016/j.nutres.2014.01.002
https://doi.org/10.1097/mco.0000000000000696
https://doi.org/10.1093/nutrit/nuw068
https://doi.org/10.3390/nu13051655
https://doi.org/10.3390/nu9020153
https://doi.org/10.3390/ijerph17207493
https://doi.org/10.3390/nu7125523
https://doi.org/10.1016/j.jand.2012.05.017
https://doi.org/10.1001/jama.2020.9517
https://doi.org/10.1016/j.annepidem.2020.05.013
https://doi.org/10.1016/j.amepre.2013.05.009
https://doi.org/10.1093/jn/nxy035
https://doi.org/10.1016/j.jada.2010.09.005
https://doi.org/10.1006/jfca.2001.0992
https://www.ncc.umn.edu/ncc-news-bite-april-2023/
https://fns-prod.azureedge.us/sites/default/files/cacfp/CACFP09_2018os.pdf
http://refhub.elsevier.com/S0271-5317(24)00167-2/sbref0033
http://refhub.elsevier.com/S0271-5317(24)00167-2/sbref0034


Nutrition Research 135 (2025) 1–12 11

 

 

 

 

 

 

 

Krebs-Smith SM, Subar AF, et al. A new statistical method for
estimating the usual intake of episodically consumed foods 
with application to their distribution. J Am Diet Assoc 
2006;106:1575–87. doi: 10.1016/j.jada.2006.07.003 .

[37] Savitz DA, Olshan AF. Multiple comparisons and related 

issues in the interpretation of epidemiologic data. Am J 
Epidemiol 1995;142:904–8. 
doi: 10.1093/oxfordjournals.aje.a117737 .

[38] Rothman KJ. No adjustments are needed for multiple 
comparisons. Epidemiology 1990;1:43–6. 
http://www.jstor.org/stable/20065622 [accessed November 17 
2024] .

[39] O’Neil CE, Nicklas TA, Zanovec M, Cho SS, Kleinman R. 
Consumption of whole grains is associated with improved 

diet quality and nutrient intake in children and adolescents: 
the National Health and Nutrition Examination Survey 
1999-2004. Public Health Nutr 2011;14:347–55. 
doi: 10.1017/S1368980010002466 .

[40] O’Neil CE, Zanovec M, Cho SS, Nicklas TA. Whole grain and 

fiber consumption are associated with lower body weight 
measures in US adults: National Health and Nutrition 

Examination Survey 1999-2004. Nutr Res 2010;30:815–22. 
doi: 10.1016/j.nutres.2010.10.013 .

[41] Mann KD, Pearce MS, McKevith B, Thielecke F, Seal CJ. Whole 
grain intake and its association with intakes of other foods, 
nutrients and markers of health in the National Diet and 

Nutrition Survey rolling programme 2008-11. Br J Nutr 
2015;28:1595–602 113. doi: 10.1017/s0007114515000525 .

[42] Hampl JS, Betts NM, Benes BA. The ’age + 5′ rule: comparisons
of dietary fiber intake among 4- to 10-year-old children. J Am 

Diet Assoc 1998;98:1418–23. 
doi: 10.1016/s0002- 8223(98)00320- 4 .

[43] Roess A, Jacquier E, Catellier D, Carvalho R, Lutes A, 
Anater A, et al. Food consumption patterns of infants and 

toddlers with racial/ethnic differences: findings from The 
Feeding Infants and Toddlers study (FITS) 2016. J Nutr 
2018;148 1525S–1535S. doi: 10.1093/jn/nxy171 .

[44] Welker EB, Jacquier EF, Catellier DJ, Anater AS, Story MT. 
Room for improvement remains in food consumption 

patterns of young children aged 2-4 years. J Nutr 2018;148 
1536S–1546S. doi: 10.1093/jn/nxx053 .

[45] Liu J, Rehm CD, Onopa J, Mozaffarian D. Trends in diet 
quality among youth in the United States, 1999-2016. JAMA 

2020;323:1161–74. doi: 10.1001/jama.2020.0878 .
[46] Lin B-H, Smith T, Guthrie J. Trends in US whole-grain intakes 

1994–2018: the roles of age, food source, and school food. US 
Department of Agriculture, Economic Research Service; 2023 
https://www.ers.usda.gov/webdocs/publications/106292/ 
err-311_summary.pdf?v=831 [accessed November 17, 2024] .

[47] Keast DR, Rosen RA, Arndt EA, Marquart LF. Dietary modeling
shows that substitution of whole-grain for refined-grain 

ingredients of foods commonly consumed by US children 

and teens can increase intake of whole grains. J Am Diet 
Assoc 2011;111:1322–8. doi: 10.1016/j.jada.2011.06.008 .

[48] Smith JD, Zhu Y, Vanage V, Jain N, Holschuh N, Hermetet 
Agler A. Association between ready-to-eat cereal 
consumption and nutrient intake, nutritional adequacy, and 

diet quality among infants, toddlers, and children in the 
National Health and Nutrition Examination Survey 
2015-2016. Nutrients 2019;11. doi: 10.3390/nu11091989 .

[49] Priebe MG, McMonagle JR. Effects of ready-to-eat-cereals on 

key nutritional and health outcomes: a systematic review. 
PLoS One 2016;11:e0164931. 
doi: 10.1371/journal.pone.0164931 .

[50] Fox MK, Gearan E, Cannon J, Briefel R, Deming DM, 
Eldridge AL, et al. Usual food intakes of 2- and 3-year old U.S.
children are not consistent with dietary guidelines. BMC 

Nutrition 2016;2:67. doi: 10.1186/s40795- 016- 0106- 2 .
Downloaded for Anonymous User (n/a) at Defense Health Agency
21, 2026. For personal use only. No other uses without permissi
[51] Guthrie JF, Anater AS, Hampton JC, Catellier DJ, Eldridge AL, 
Johnson WL, et al. The Special Supplemental Nutrition 

Program for Women, Infants, and Children is associated with
several changes in nutrient intakes and food consumption 

patterns of participating infants and young children, 2008 
compared with 2016. J Nut 2020;150:2985–93. 
doi: 10.1093/jn/nxaa265 .

[52] Dwyer JT. The Feeding Infants and Toddlers Study (FITS) 
2016: moving forward. J Nutr 2018;148 1575s–1580s. 
doi: 10.1093/jn/nxy159 .

[53] Food and Nutrition Service, US Department of Agriculture. 
Special Supplemental Nutrition Program for Women, Infants 
and Children (WIC): revisions in the WIC food packages. 72 
Fed. Reg. 28488 (April 18, 2024).

[54] Stewart H, McLaughlin PW, Dong D, Frazão E. WIC 

households’ bread and cold cereal purchases: when they use 
benefits versus paying out of pocket. Am J Health Promot 
2019;33:79–86. doi: 10.1177/0890117118778243 .

[55] Back A. It’s the breakfast of champions no more: cereal is in 

long-term decline. https://www.wsj.com/finance/investing/ 
cereal- decline- breakfast- trend- 6dd591e8 ; 2023 [accessed 

March 28, 2024].
[56] Mancino L, Guthrie J, Ver Ploeg M, Lin B-H. Nutritional quality

of foods acquired by Americans: findings from USDA’s 
National Household Food Acquisition and Purchase Survey. 
US Department of Agriculture, Economic Research Service; 
2018 https://www.ers.usda.gov/webdocs/publications/87531/ 
eib-188.pdf?utm [accessed June 7, 2022] .

[57] Andreyeva T, Luedicke J, Middleton AE, Long MW, 
Schwartz MB. Positive influence of the revised Special 
Supplemental Nutrition Program for Women, Infants, and 

Children food packages on access to healthy foods. J Acad 

Nutr Diet 2012;112:850–8. doi: 10.1016/j.jand.2012.02.019 .
[58] Havens EK, Martin KS, Yan J, Dauser-Forrest D, Ferris AM. 

Federal nutrition program changes and healthy food 

availability. Am J Prev Med 2012;43:419–22. 
doi: 10.1016/j.amepre.2012.06.009 .

[59] Rose D, O’Malley K, Dunaway LF, Bodor JN. The influence of 
the WIC food package changes on the retail food 

environment in New Orleans. J Nutr Educ Behav 
2014;46:S38–44. doi: 10.1016/j.jneb.2014.01.008 .

[60] Ng SW, Hollingsworth BA, Busey EA, Wandell JL, Miles DR, 
Poti JM. Federal nutrition program revisions impact 
low-income households’ food purchases. Am J Prev Med 

2018;54:403–12. doi: 10.1016/j.amepre.2017.12.003 .
[61] Hillier A, McLaughlin J, Cannuscio CC, Chilton M, Krasny S, 

Karpyn A. The impact of WIC food package changes on 

access to healthful food in 2 low-income urban 

neighborhoods. J Nutr Educ Behav 2012;44:210–16. 
doi: 10.1016/j.jneb.2011.08.004 .

[62] Batis C, Hernandez-Barrera L, Barquera S, Rivera JA, 
Popkin BM. Food acculturation drives dietary differences 
among Mexicans, Mexican Americans, and Non-Hispanic 
Whites. J Nutr 2011;141:1898–906 .

[63] Birch LL, Fisher JO. Development of eating behaviors among 
children and adolescents. Pediatrics 1998;101:539–49. 
doi: 10.3945/jn.111.141473 .

[64] Ventura AK, Worobey J. Early influences on the development 
of food preferences. Curr Biol 2013;23:R401 –8. 
doi: 10.1016/j.cub.2013.02.037 .

[65] Meynier A, Chanson-Rollé A, Riou E. Main factors influencing
whole grain consumption in children and adults-a narrative 
review. Nutrients 2020;12:2217. doi: 10.3390/nu12082217 .

[66] Leak TM, Gangrade N, Tester J. Facilitators and barriers to 
preparing and offering whole grains to children diagnosed 

with prediabetes: qualitative interviews with low-income 
caregivers. BMC Public Health 2021;21:931. 
doi: 10.1186/s12889- 021- 10915- 5 .
 Consortium from ClinicalKey.com by Elsevier on April 
on. Copyright ©2026. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jada.2006.07.003
https://doi.org/10.1093/oxfordjournals.aje.a117737
http://www.jstor.org/stable/20065622
https://doi.org/10.1017/S1368980010002466
https://doi.org/10.1016/j.nutres.2010.10.013
https://doi.org/10.1017/s0007114515000525
https://doi.org/10.1016/s0002-8223(98)00320-4
https://doi.org/10.1093/jn/nxy171
https://doi.org/10.1093/jn/nxx053
https://doi.org/10.1001/jama.2020.0878
https://www.ers.usda.gov/webdocs/publications/106292/err-311_summary.pdf?v=831
https://doi.org/10.1016/j.jada.2011.06.008
https://doi.org/10.3390/nu11091989
https://doi.org/10.1371/journal.pone.0164931
https://doi.org/10.1186/s40795-016-0106-2
https://doi.org/10.1093/jn/nxaa265
https://doi.org/10.1093/jn/nxy159
https://doi.org/10.1177/0890117118778243
https://www.wsj.com/finance/investing/cereal-decline-breakfast-trend-6dd591e8
https://www.ers.usda.gov/webdocs/publications/87531/eib-188.pdf?utm
https://doi.org/10.1016/j.jand.2012.02.019
https://doi.org/10.1016/j.amepre.2012.06.009
https://doi.org/10.1016/j.jneb.2014.01.008
https://doi.org/10.1016/j.amepre.2017.12.003
https://doi.org/10.1016/j.jneb.2011.08.004
http://refhub.elsevier.com/S0271-5317(24)00167-2/sbref0062
https://doi.org/10.3945/jn.111.141473
https://doi.org/10.1016/j.cub.2013.02.037
https://doi.org/10.3390/nu12082217
https://doi.org/10.1186/s12889-021-10915-5


12 Nutrition Research 135 (2025) 1–12

 
[67] U.S. Food and Drug Administration. Health claim notification
for whole grain foods with moderate fat content. https:// 
www.fda.gov/food/food- labeling- nutrition/health- claim- 
notification- whole- grain- foods- moderate- fat- content ; 2018. 
[accessed June 18, 2021].
Downloaded for Anonymous User (n/a) at Defense Health Agen
21, 2026. For personal use only. No other uses without permis
[68] U.S. Food and Drug Administration. Food labeling: serving 
sizes of foods that can reasonably be consumed at one 
eating occasion. 81 Fed.Reg. 34000 (May 27, 2016).
cy Consortium from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2026. Elsevier Inc. All rights reserved.

https://www.fda.gov/food/food-labeling-nutrition/health-claim-notification-whole-grain-foods-moderate-fat-content

	Whole grain intake among young children ages 12 to 48 months participating in the Feeding Infants and Toddlers Study was higher in 2016 compared to 2008
	1 Introduction
	2 Methods and materials
	2.1 Study design: FITS 2008 and 2016 and participants
	2.2 Data collection
	2.3 Dietary intake
	2.4 Dietary data
	2.5 Statistical analyses

	3 Results
	3.1 Sample characteristics
	3.2 Whole grain consumption
	3.3 Fiber consumption
	3.4 Food sources

	4 Discussion
	5 Conclusion
	Author declarations
	CRediT authorship contribution statement
	Acknowledgment
	Sources of support
	Supplementary materials

	Reference

