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ABSTRACT
Background Monitoring changes in the nutritional content of food/beverage products
and shifts in consumer purchasing behaviors is needed to measure the effectiveness of
efforts by both food manufacturers and policy makers to improve dietary quality in the
United States.
Objective To examine changes in the nutritional content (eg, energy, saturated fat, and
sugar density) of ready-to-eat (RTE) grain-based dessert (GBD) products manufactured
and purchased between 2005 and 2012.
Design Nutrition Facts panel information from commercial databases was linked to RTE
GBD products purchased by households (N¼134,128) in the Nielsen Homescan longi-
tudinal dataset 2005-2012.
Statistical analysis Linear regression models were used to examine changes in the
energy, saturated fat, and sugar density of RTE GBD products manufactured in each year
between 2005 and 2012. Random effects models controlling for demographics,
household composition/size, and geographic location were used to examine changes in
household purchases of RTE GBD products (in grams) and the average energy, saturated
fat, and sugar density of RTE GBD products purchased.
Results The saturated fat density (grams/100 g) of RTE GBD products increased
significantly from 6.5�0.2 in 2005 to 7.3�0.2 and 7.9�0.2 for pre-existing and newly
introduced products in 2012, respectively. Between 2005 and 2012, the energy density
(kilocalories/100 g) of RTE GBD products purchased decreased significantly from
433�0.2 to 422�0.2, the saturated fat density (grams/100 g) of products purchased
increased significantly from 6.3�0.01 to 6.6�0.01, the sugar density (grams/100 g) of
products purchased decreased significantly from 32.4�0.03 to 31.3�0.02, and house-
hold purchases of RTE GBD products (in grams) decreased by 24.1%�0.4%.
Conclusions These results highlight an opportunity for both food manufacturers and
public health officials to develop new strategies to shift consumer purchases toward
products with lower energy, saturated fat, and sugar densities in addition to decreasing
overall purchases of RTE GBDs.
J Acad Nutr Diet. 2014;-:---.
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HE OBESITY EPIDEMIC1,2 HAS RESULTED IN AN
interest among food retailers3 and food manufac-
turers4,5 to develop strategies to reduce excess caloric
intake and improve dietary quality in the United

States. In 2005, The Institute of Medicine released a report on
food marketing to children recommending shifts toward new
and reformulated youth-oriented products with less energy,
fat, salt, and added sugar.6 Recent large scale initiatives byWal-
mart3 and the Healthy Weight Commitment Foundation,5

whosemembers include 16 of the nation’s leading foodmanu-
facturers, demonstrate intent within the food industry to
improve dietary quality in the United States; however, current
methods to monitor changes to manufactured food products
and consumers’ responses to these changes are limited.

O

Grain-based dessert (GBD) products (eg, cakes, cookies and

pies) were chosen for this study because they constitute 7.2%
of calories in the US diet and are the largest or one of the
largest contributors of calories to children, adolescents, and
adults.7-10 GBDs are also the largest source of solid fats
(10.8%) and the second largest source of added sugar
(12.9%)11; both of which are targeted by the 2010 Dietary
Guidelines for Americans as components of foods to limit as a
strategy to control caloric intake, manage body weight, and
prevent increased risk of many chronic diseases. A
complexity with researching the entire GBD category is that
dry cake/brownie mixes, frozen/refrigerated sweet rolls, and
ready-to-eat (RTE) products such as cookies are all catego-
rized as GBDs. This analysis focused on RTE GBD products so
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that all products analyzed were in the same format (ie, all
products were in the form that is consumed).
Reformulation of existing products or new product devel-

opment by food manufacturers can provide products with
lower concentrations of saturated fat, sugar, salt, and energy
to consumers. Additional tactics to modify purchases include
public health campaigns, taxation/subsidies, and shifts in
marketing strategies to promote healthier products. With the
introduction of front-of-package labeling systems rating the
healthfulness of products12-14 and initiatives to decrease
marketing of less healthy products to children,4 monitoring
changes in consumer purchases is essential to determine the
effectiveness of these initiatives. Currently, researchers use
the National Health and Nutrition Examination Surveys
(NHANES) to examine changes in intake of food/beverage
groups or nutrients across time. A difficulty with measuring
changes in the nutritional content of foods/beverages man-
ufactured and purchased using NHANES is that with the
exception of RTE cereals,15 and a few other items, the nutri-
tion information for the products reported consumed is not
at the brand level.16 An alternative approach taken by this
analysis was to use the Nutrition Facts panel (NFP) informa-
tion from consumer packaged foods/beverages purchased by
consumers in the United States. Using the NFP information
from products purchased allows for a more detailed exami-
nation of changes to the nutritional content of products
manufactured and monitoring whether consumers are
shifting purchases within categories toward products with
lower concentrations of energy, saturated fat, and sugar. For
this study, two levels of analysis using NFP information were
conducted. The product-level analysis reported distributions
of energy, saturated fat, and sugar density of RTE GBD
products manufactured in 2005 through 2012. The purchase-
level analysis determined whether households purchased
fewer RTE GBD products across time or purchased RTE GBD
products with lower energy, saturated fat, or sugar densities.

METHODS
Household Sample
The sample of households (n¼134,128) was obtained from
the Nielsen Homescan panel (2005-2012), a longitudinal
dataset on household purchases of foods/beverages from
supermarkets, grocery stores, convenience stores, and other
food retail outlets.5,17-20 A convenience sample of households
is continually recruited by Nielsen using direct mailing and
Internet advertising. On average, households in the panel
between 2005 and 2012 provided 14 quarters (a quarter is
equivalent to 3 months) of purchase data. Households
selected to participate were geographically dispersed with a
total of 76 markets included in the analysis. Each partici-
pating household was provided with a scanner to record the
Universal Product Code (UPC) of each purchase and quantity
of each item. Purchases from each household were aggre-
gated for each quarter. Reports from single person house-
holds with food/beverage purchases less than $45 per quarter
and households with two or more individuals with food/
beverage purchases less than $135 per quarter were excluded
from the analysis. Based on these criteria, 2.8% of
the quarterly reports by households were excluded. The
characteristics of the final household sample in 2005 and
2012 are provided in (Table 1).
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RTE GBD Definition
RTE products such as cakes, cookies, pies, pastries, sweet
strudels, doughnuts, granola/yogurt bars, and grahamcrackers
were classified as RTE GBDs. Products that are specifically
grouped with breakfast products such as toaster pastries and
breakfast bars were excluded. Dry mixes and frozen/refriger-
ated products were excluded because information on the final
product consumed was not available. Products from service
outlets (eg, restaurants and bakeries) and products baked on
location at food retail stores were not included in this analysis.

NFP Information
Each year, commercial data sources5 collected up-to-date NFP
information on a new sample of products from the RTE GBD
product population. The UPC for a product purchased by a
household in theNielsenHomescanpanelwas linkedwithNFP
information obtained from the commercial databases with the
exact UPC. If NFP informationwas not available for a product in
the year it was purchased then NFP information from the
subsequent year or the next closest previous year was
assigned. For RTE GBD products without an exact UPC match,
NFP information was obtained by a series of steps: match NFP
information from a product of the same brand and product
description, but different size package;matchNFP information
by brand, product type, and similar attributes in the product
description; match NFP information based on similar product
type and product description. Products with infeasible NFP
information (eg,�100% sugar) were removed from all analyses
using NFP information (1.4% of products with NFP information
across all years had infeasible NFP information). It should be
noted that in some analyses, not all of the steps mentioned
above to match NFP information to RTE GBD products were
used; rationale for these decisions are provided below.
For the product-level analysis only exact UPC matches with

NFP information updated in the same year the product was
purchased were used. Although these restrictions minimized
the sample of products with available NFP, using only up-to-
date NFP information combined with repeated sampling of
RTE GBD products in each year between 2005 and 2012
increased the likelihood of detecting changes in the distribu-
tion of RTEGBDproducts across time. To examine newproduct
development, the products with updated 2012 NFP informa-
tion were divided into two categories: preexisting products
before 2012 and new products that only existed in 2012. New
products in 2012 were identified as UPCs that were not pur-
chased by any household in any year between 2000 and 2011.
For the purchase-level analyses, all NFP information avail-

able was assigned to the products to maximize the amount of
products purchasedwith NFP information. The number of RTE
GBD products with NFP information in the product-level and
purchase-level analyses; the percent of total purchases those
products represent; and the total number of unique RTE GBD
productsmanufactured in each year are presented in (Table 2).
It should be noted that the total number of unique RTE GBD
products with UPCs available to consumers each yearmight be
underestimated if a particular product was not purchased or
scanned by any household in the sample in a given year.

Statistical Analysis
All analyses were conducted using Stata (version 12.0, 2011,
StataCorp) with a significance criteria of (P<0.05). This
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Table 1. Characteristics of the Nielsen Homescana panel of households reporting on purchases of consumer packaged food/
beverage products at retail stores in 2005 and 2012b

Household characteristic

2005 2012

n
Weighted percent
of sample n

Weighted percent
of sample

Race/ethnicity

Non-Hispanic white 40,102 74 47,259 71

Non-Hispanic black 4,390 11 5,548 11

Non-Hispanic other races 1,906 4 2,894 6

All Hispanics 2,968 10 3,095 12

Household income as %
poverty level

0%-185% 10,536 26 12,709 30

186%-300% 12,022 20 14,706 24

>300% 26,808 54 31,381 46

Male head of household
education

<High school 2,422 6 2,072 5

¼High school 9,615 25 10,442 23

>High school 24,077 40 31,036 42

No male head of
household

13,252 29 15,246 30

Female head of household education

<High school 1,638 4 1,272 3

¼High school 12,746 31 12,753 27

>High school 30,068 46 39,132 49

No female head of
household

4,914 18 5,639 20

Household composition

Singleton (male) 3,837 12 4,168 12

Singleton (female) 9,199 14 10,299 13

Multiple adults no children 23,588 37 30,801 40

Adult(s) with children aged 2-11 y 4,759 17 5,268 16

Adult(s) with children aged 12-18 y 5,200 13 5,531 12

Adult(s) with children aged 2-18 yc 2,783 8 2,729 7

aThe Nielsen Homescan panel (2005-2012) is a longitudinal dataset on household purchases of foods/beverages from supermarkets, grocery stores, convenience stores, and other food retail
outlets.5,17-20
bValues are the number of households and percent of the sample after sampling weights were applied to create a nationally representative sample of households in the United States.
cExcludes households with only children aged 2 to 11 years and households with only children aged 12 to 18 years.
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secondary data analysis was deemed exempt by the University
of North Carolina at Chapel Hill Institutional Review Board.

Product-Level Analysis
Eachyear, thepercentageof productswithavailableup-to-date
NFP information from commercial data sources differed be-
tween types of RTE GBD products (eg, in 2005, 5% of cookie
products had NFP information vs 9% of granola bars). Inverse
probability weights for having NFP information were applied
-- 2014 Volume - Number -
to each type of RTE GBD in each year so that the distribution of
products with NFP information reflected the distribution of all
RTE GBD products manufactured. The distribution of RTE GBD
products manufactured in 2005 through 2012 was separately
analyzed for energy density (kilocalories/100 g), saturated fat
density (grams/100 g), and sugar density (grams/100 g). To
calculate percentiles that represent the distribution of RTE
GBD products manufactured, replicates of products within
each type of RTE GBD corresponding to the inverse probability
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 3



Table 2. Ready-to-eat grain-based dessert (GBD) products with available Nutrition Facts panel (NFP) information for the product
and purchase level analyses, 2005-2012

Year

Product-Level Analysisa Purchase-Level Analysisb

GBD Products
with NFP

% of Total GBD
Products

Total GBD
Productsc

GBD Products
with NFP

% of Total GBD
Products

% of Total GBD
Purchases (g)d

2005 1,038 3.8 27,587 15,942 58 87

2006 1,537 5.4 28,347 16,537 58 87

2007 1,391 4.9 28,181 16,608 59 88

2008 872 3.1 27,994 17,105 61 89

2009 1,208 4.5 26,832 16,892 63 91

2010 1,610 5.9 27,276 17,147 63 91

2011 1,131 4.4 25,551 16,133 63 89

2012e 920 4.5 20,627 17,428 64 88

2012f 583 8.6 6,805 — — —

aFor the product-level analysis examining the energy, saturated fat, and sugar density of manufactured GBD products, only GBD products with available up-to-date NFP information in a
given year were included.
bFor the purchase-level analyses examining changes over time in the average energy, saturated fat, or sugar density of GBD purchases, all NFP information available was assigned to the GBD
products to maximize the number of GBD products purchased with NFP information.
cTotal number of unique manufactured GBD products with universal product codes (barcodes).
dPercent of total purchases (grams) was calculated as follows: grams of GBD products purchased with NFP information divided by the total grams of GBD products purchased.
eGBD products available for purchase in 2012 and before 2012.
fGBD products newly introduced to consumers in 2012.
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weightweregenerated. In a separate analysis, linear regression
models applying the inverse probability weights were used to
determine if themean energy, saturated fat, or sugar density of
RTE GBD products changed over time.

Purchase-Level Analysis
For each household, the quarterly reports were averaged
within each year. Random effects models, clustering at the
household level, were used to examine changes over time
(2005-2012) of RTE GBD purchases (grams) and the average
energy, saturated fat, and sugar density of RTE GBD products
purchased by households. Due to the positive skewness in the
distribution of RTE GBDs purchased (grams), log-linear
models (logged outcome) were used resulting in interpret-
ing coefficients as percent change rather than absolute
change. Across all years, the average percentage of non-
consumers was 2.2%, with a range of 1.93% to 2.44%. Given
the similarity in percentage of nonconsumers across years,
nonconsumers (zeros) were excluded from the log-linear
models. Covariates listed in (Table 1) were included in all
models along with dummy variables for year and the 76
markets. Household composition and household size was
controlled for by including sex-specific variables for the
number of individuals in the household belonging to partic-
ular age groups. A second set of models, including in-
teractions between year (dummy variable) and the covariates
in (Table 1), were analyzed to determine whether changes
across time were different between household characteris-
tics. Due to the large sample size, both statistical and
meaningful differences needed to be considered; therefore,
interactions were only reported if a difference in change over
time between household characteristics was >5% and
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statistically significant. To provide context for the magnitude
of change in the log-linear models, survey commands
applying sampling weights were used to generate estimates
of nationally representative average per capita daily pur-
chases for each year.

RESULTS
Product-Level Results
Significant differences in the average energy and sugar density
of RTE GBD products available to consumers in 2005 and 2012
were not observed (Table 3). The average saturated fat density
of RTE GBD products (grams/100 g) increased significantly
from 6.5�0.2 in 2005 to 7.3�0.2 and 7.9�0.2 for preexisting
RTE GBD products and new RTE GBD products in 2012,
respectively. The average saturated fat density was signifi-
cantly higher in all years following 2005 except in 2007.

Purchase-Level Results
The average energy density (kilocalories/100 g) of RTE GBD
products purchased decreased significantly from 433�0.2 in
2005 to 422�0.2 in 2012 (Table 4). The average saturated fat
density (grams/100 g) of RTE GBD products purchased
increased significantly from 6.3�0.01 in 2005 to 6.6�0.01 in
2012. The average sugar density (grams/100 g) of RTE GBD
products purchased decreased significantly from 32.4�0.04
in 2005 to 31.3�0.02 in 2012. Households significantly
decreased their purchases of RTE GBD products by
24.1%�0.4% from 2005 to 2012 (Table 5). A significant inter-
action (P<0.05) between household composition and year
with respect to percent change in RTE GBD purchases was
shown. Significant differences in changes over time between
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Table 3. Distributions of the ready-to-eat grain-based dessert (GBD) products available to consumers by energy, saturated fat,
and sugar density, 2005-2012

Year

Percentile

5th 10th 25th 50th 75th 90th 95th
Mean–standard
errora

Energy densityb

2005 246 314 378 424 469 500 529 411�4
2006 252 307 368 423 465 508 537 411�3
2007 246 293 358 413 462 512 535 404�4
2008 251 300 362 423 467 506 533 408�3
2009 256 320 370 423 462 500 529 410�3
2010 250 300 363 417 466 504 527 408�3
2011 235 299 362 415 463 500 522 405�4
2012c 226 292 363 417 471 514 536 412�7
2012d 235 306 370 424 470 510 529 413�5
Saturated fat densitye

2005 0.1 1.8 3.5 5.5 8.8 12.8 15.0 6.5�0.2
2006 0.0 1.6 3.8 6.3 9.7 14.1 16.7 7.2�0.1*
2007 0.0 1.5 3.5 6.0 9.0 14.1 16.7 6.9�0.2
2008 0.0 1.5 3.7 6.4 9.6 14.1 16.6 7.2�0.2*
2009 0.0 1.8 4.0 6.6 10.0 13.4 16.5 7.3�0.2*
2010 0.0 1.6 4.1 7.0 10.1 14.1 16.6 7.5�0.1*
2011 0.0 1.8 3.9 7.0 10.1 13.0 15.0 7.2�0.2*
2012c 0.0 1.3 3.5 6.4 10.1 14.8 17.5 7.3�0.2*
2012d 0.0 2.1 4.4 7.1 10.6 14.5 17.6 7.9�0.2*
Sugar densitye

2005 2.7 13.8 24.1 32.1 39.7 44.7 47.2 30.9�0.5
2006 0.0 11.0 23.0 31.3 38.8 44.1 47.0 29.6�0.4*
2007 2.6 13.6 22.6 30.1 37.0 43.5 47.0 29.3�0.5*
2008 8.7 17.6 24.0 30.1 37.7 43.8 45.9 30.1�0.5
2009 7.1 15.9 24.7 31.3 38.2 44.3 47.6 30.6�0.4
2010 6.7 15.0 22.5 30.4 38.5 44.3 48.8 30.0�0.4
2011 10.5 17.6 24.4 31.0 38.8 44.2 47.0 30.7�0.5
2012c 10.2 19.3 25.4 31.4 38.8 44.6 48.5 31.2�0.6
2012d 6.6 16.1 24.7 32.4 40.0 45.7 48.6 31.5�0.7
aMeans and standard errors were generated from linear regression model coefficients using the STATA post-estimation emargins- command (version 12.0, 2011, StataCorp).
bKilocalories per 100 g GBD products.
cProducts available for purchase in 2012 and before 2012.
dProducts newly introduced to consumers in 2012.
eGrams per 100 g GBD products.
*Indicates a significant difference (P<0.05) from 2005.
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singleton males, singleton females, and multiple adults
without children were not observed (data not shown);
therefore, those three groups were aggregated to form a
reference group of all households without children. House-
holds without children decreased their purchases of RTE GBD
products from 2005 to 2012 by 21%�1%, whereas, households
with only children aged 2 to 11 years and households with
-- 2014 Volume - Number -
only children aged 12 to 18 years decreased by 28%�2%, and
36%�1%, respectively (Table 6).
DISCUSSION
The average energy and sugar density of RTE GBD products
manufactured did not change between 2005 and 2012,
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 5



Table 4. The average energy, saturated fat, and sugar
density of ready-to-eat grain-based dessert (GBD) products
purchased by households, 2005-2012a

Year
Energy
densityb

Saturated fat
densityc

Sugar
densityc

 ���������
mean�standard error

���������!
2005 433�0.2 6.3�0.01 32.4�0.03
2006 429�0.2* 6.4�0.01* 32.3�0.02*
2007 423�0.2* 6.3�0.01* 31.8�0.02*
2008 423�0.2* 6.2�0.01* 31.5�0.02*
2009 421�0.2* 6.4�0.01* 31.1�0.02*
2010 423�0.2* 6.5�0.01* 31.2�0.02*
2011 422�0.2* 6.5�0.01* 30.9�0.02*
2012 422�0.2* 6.6�0.01* 31.3�0.02*
aValues were generated using the STATA post-estimation emargins- command from
the coefficients generated by the random effects models (version 12.0, 2011, StataCorp).
All models were adjusted by the following household characteristics: race/ethnicity,
federal poverty status, education, household composition/size, and geographical
location.
bKilocalories per 100 g GBD.
cGrams per 100 g GBD.
*Indicates a significant difference (P<0.05) from 2005.

RESEARCH
whereas an increase in the average saturated fat density of RTE
GBD products was shown. Consumers purchased RTE GBD
products with lower energy and sugar densities, and RTE GBD
products with higher saturated fat density. Overall purchases
of RTE GBD products decreased between 2005 and 2012. T

Table 5. Nationally representative average per capita daily
ready-to-eat grain-based dessert (GBD) purchases, and the
percent change in ready-to-eat GBD purchases from 2005-
2012 using a log-linear random effects model

Year
GBD purchasesa

(g/person/d)
% Changeb–standard
error

2005 18.6 Reference

2006 18.5 �3.2�0.4*
2007 18.0 �8.3�0.4*
2008 17.5 �13.2�0.4*
2009 16.9 �16.7�0.4*
2010 16.8 �19.1�0.4*
2011 15.7 �26.1�0.4*
2012 15.9 �24.1�0.4*
aPer capita GBD purchases (g/person/d) using household sampling weights were
calculated as follows: household average quarterly purchases/household size/91 days.
bThe coefficients of the log-linear model are interpreted as the percent change in
purchases using 2005 as the reference year and were adjusted by covariates for race/
ethnicity, federal poverty status, education, household composition/size, and geographic
location.
*Indicates a significant difference (P<0.05) in the percent change in GBD purchases
from 2005.
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Previous studies have examined changes in the nutritional
content of items sold at fast-food and restaurant chains over
time.21,22 Our study demonstrates a new approach to esti-
mate changes in the distribution of RTE GBD products man-
ufactured in the United States based on energy, saturated fat,
and sugar densities with the intention of providing measures
on the healthfulness of these products to public health offi-
cials, food manufacturers, and food retailers. The Grocery
Manufacturers Association reported that reformulations to
food/beverage products reducing energy, saturated fat, and/
or sugar occurred between 2002 and 2009.23 The results from
this study did not detect decreases in the mean energy,
saturated fat, or sugar density of RTE GBD products; indi-
cating that larger wide-scale efforts are needed among all
manufacturers of RTE GBDs. While an increase in the density
of saturated fat in RTE GBD products was shown, this increase
coincides with the mandatory labeling of trans fats on the
NFP label effective in 2006.24 Product reformulations
lowering trans fats have been shown to increase the saturated
fat content of products.25 A limitation of this analysis is that
listing of the trans-fats content on NFP labels is limited before
2006; therefore, it is not possible using this dataset to
determine whether the increase in saturated fat density was
a result of reformulations to remove or decrease trans fats in
RTE GBD products. Introduction of new products is another
strategy to improve the healthfulness of products available to
consumers. The results from this analysis show that the new
RTE GBD products released in 2012 did not have lower en-
ergy, saturated fat, or sugar densities than the products
already existing on the market. Future reformulations and
development of new products should focus on the product
categories that are the largest sources of energy, saturated fat,
and sugars.
The purchase-level analyses indicated that between 2005

and 2012, consumers made shifts toward less energy and
sugar dense RTE GBD products and purchased products with
higher saturated fat densities. Although the decreases in
energy and sugar density of RTE GBD products purchased is
encouraging, the magnitude of the decreases (<4%) indicates
that efforts to promote consumption of RTE GBD products
with lower energy, saturated fat, and sugar density have had
limited effectiveness. Front-of-package labeling systems12-14

are currently in use or being developed to assist consumers
with identifying healthier foods and have been shown to
promote development of healthier products by food manu-
facturers.26 Introduction of shelf-tag nutrition labeling sys-
tems such as the Guiding Stars Program increased demand
for RTE cereals that were considered more nutritious.27 To
determine the effectiveness of front-of-package labeling
systems and other initiatives to improve dietary quality in the
United States it is important to measure changes both be-
tween product categories (eg, shifts from RTE GBD to fruits)
and within product categories (eg, shifts from energy dense
RTE GBDs to less-energy-dense RTE GBDs). The new approach
presented in this article addresses a limitation of current
dietary surveys by using NFP information from store pur-
chases to identify whether consumers are shifting within
product categories to products with lower energy, saturated
fat, or sugar densities. The results from this study identify an
opportunity to develop new strategies to shift purchases to-
ward RTE GBD products with lower energy, saturated fat, and
sugar density in addition to decreasing overall purchases of
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Table 6. The percent decrease in grams of ready-to-eat grain-based dessert (GBD) products purchased 2005-2012 between
households with and without children using a log-linear random effects modela

Variable 2005 2006 2007 2008 2009 2010 2011 2012

 �����������������% decrease from 2005�standard error�����������������!
Households without children Reference �3�1 �8�1 �12�1 �15�1 �18�1 �24�1 �21�1
Adult(s) with children

only aged 2-11 y
Reference �3�1 �8�1 �17�1* �22�1* �23�2* �30�2* �28�2*

Adult(s) with children only 12-18 y Reference �4�1 �12�1* �17�1* �20�1* �24�1* �35�1* �36�1*
Adult(s) with children aged 2-18 yb Reference �5�1 �13�1* �18�1* �24�2* �25�2* �36�2* �35�2*
aA significant interaction between household composition and year was observed using a random effects log-linear model with covariates for race/ethnicity, federal poverty status,
education, and geographic location of the households. The percent change�standard error were generated using the STATA postestimation emarginse command (version 12.0, 2011,
Stata Corp) to estimate the marginal effect of year on the change from 2005 within each household composition.
bExcludes household with only children aged 2 to 11 y and households with only children aged 12 to 18 y.
*Indicates a significant difference (P<0.05) between the percent decrease in purchases of GBD (grams) from 2005 for a particular household composition as compared to households
without children. Statistical significance was determined from the interaction term coefficients in the random effects log-linear model.
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RTE GBDs. A potential concern of shifting purchases of RTE
GBD toward products with lower energy, saturated fat, or
sugar densities is that consumers could potentially purchase
more RTE GBD products if they are perceived to be healthier.
Stealth reformulations by which changes in the product
composition are conducted unbeknownst to consumers is
one option to circumvent this issue.28 Alternatively, the lack
of evidence that reformulations to RTE GBD products
occurred might be due to consumer preferences for products
with higher energy, saturated fat, or sugar densities. Future
studies are need to understand how consumers respond to
product reformulations or changes in marketing strategies;
these potential issues highlight the importance of monitoring
both the changes in the nutritional content of purchases as
well as the overall purchases of RTE GBD products.
All household compositions decreased purchases of RTE

GBD products between 2005 and 2012, with households with
adolescents aged 12 to 18 years having the largest decreases.
This decrease in purchases was also reflected by decreases in
GBD intake among 2- to 18-year-olds in NHANES between
2005 and 2010.7 Decreases in marketing of baked goods to
children, adolescents, and all consumers were reported be-
tween 2006 and 2009.29 A difficulty with attributing changes
in marketing to decreases in purchases is that both occurred
during the recession (2007-2009) and households in the
Homescan panel have been consistently decreasing pur-
chases of foods and beverages since 2003.30 Continual
monitoring of both the nutritional content of products
manufactured and purchased by consumers is needed to
determine the effectiveness of future efforts to shift con-
sumer purchases towards healthier products.31,32

A limitation of this study is that changes in the package size
of products and shelf space given to products cannot be
monitored using information from Nielsen or NFP labels.
Future research on changes in package size and shelf space in
stores is needed to further examine the efforts of food
manufacturers to improve dietary quality and reduce excess
caloric intake in the United States. Another limitation is the
low percentage of up-to-date NFP information for RTE GBD
products each year; however, the similarities in the
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distributions from the eight different samples between 2005
and 2012 further support the findings that only small
changes have been made to RTE GBD products with respect to
energy, saturated fat, and sugar density. It is important to
note that reformulations and/or release of new healthier
products may have been conducted by individual companies;
however, the results of this analysis focused on the RTE GBD
market as a collective to best capture the food environment
that consumers experience. For the household-level analysis,
it has been previously reported that the Homescan sample
does not perfectly match the US population based on de-
mographics, and that males and individuals with low edu-
cation are underrepresented.33 Ideally, the sample should
represent the population of US food/beverage shoppers
rather than the overall US population. Without knowledge of
the true US food/beverage shopper population, generalizing
the results from this sample of shoppers should be made with
caution. Finally, given that households volunteered to
participate, there is always the possibility of participation
bias33; therefore, when possible, it is important to compare
the results of Homescan with other dietary surveys (eg,
NHANES).

D P
RO
CONCLUSIONS
The results from both the product- and purchase-level ana-
lyses highlight an opportunity for both food manufacturers
and public health officials to work together to develop stra-
tegies to shift consumer purchases toward products with
lower energy, saturated fat, and sugar densities in addition to
decreasing overall purchases of RTE GBDs.
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