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ABSTRACT

Background: In the past decade, the United States has seen de-
clining energy intakes and plateauing obesity levels.

Objective: We examined whether these observed trends suggest
a longer-term shift in dietary and health behavior that is indepen-
dent of adverse economic conditions.

Design: We used nationally representative cross-sectional surveys
on intake and longitudinal household food purchase data along with
random-effects models to address this question. Data included in-
dividuals in NHANES 2003-2004 to 2009-2010 (children: n = 13,422;
adults: n = 10,791) and households from the 2000-2011 Nielsen
Homescan Panel (households with children: n = 57,298; households
with adults only: n = 108,932).

Results: In both data sets, we showed that children decreased their
calories the most. Even after we controlled for important socioeco-
nomic factors, caloric purchases fell significantly from 2003 to 2011
(P < 0.001), particularly for households with children. The Great
Recession was associated with small increases in caloric purchases,
in which a l-percentage point increase in unemployment in the
local market was associated with a 1.6-4.1-kcal - capita ' - d ™'
(P < 0.001) increase in total calories purchased. Results also in-
dicated shifts in caloric purchases were driven more by declines in
caloric purchases from beverages than food.

Conclusions: US consumers have exhibited changes in intake and
purchasing behavior since 2003 that were independent from chang-
ing economic conditions linked with the Great Recession or food
prices. Public health efforts in the past decade may have contributed
to this trend. Am J Clin Nutr 2014;99:609-16.

INTRODUCTION

Nationally representative data have shown that, over the last
decade, obesity has either declined or leveled off for low-income
preschoolers and stagnated for children and adults (1-4). Our
growing understanding of the energy gap (ie, the difference in
energy-intake expenditure required to achieve different body
weight outcomes in individuals and populations) includes esti-
mates of an average reduction of 41 kcal/d to stop rising obesity
rates in children and an average reduction of 120 kcal/d to meet
the Healthy People 2010 obesity-reduction goals (5-7). Energy-
balance shifts needed for adults are much greater (5, 7). Currently,
there has been little evidence of meaningful improvements in
energy expenditures (8-12), which has suggested that shifts in
food purchases and consumption have occurred.

Typically, studies that have looked at dietary change in the
United States have relied on cross-sectional nationally repre-

sentative data from the NHANES. Various studies, including
a recent study on shifts in energy intake and diet composition for
US adults (13), have shown that the mean energy intake has
decreased significantly since 2003-2004. However, reasons for
the apparent decrease in energy intake are uncertain, and there
are gaps in what we can say about what might be responsible for
the observed dietary shifts.

A major challenge in elucidating what might be causing these
dietary shifts is that there were a number of significant events that
could have affected food and beverage purchases and con-
sumption choices since 2003-2004. These events included the
Great Recession (from December 2007 to June 2009) (14) and
continued economic stagnation along with food-price increases
(15-17). Some researchers have contended that people exhibit
better health behaviors during economic downturns (18-20),
whereas other researchers have shown the opposite effect (21).
Other authors have noted a greater awareness and health focus
toward obesity from marketers, food retailers, and manufac-
turers (22-25). However, it is unclear how the apparent turning
point in obesity prevalence and energy intake (26) in the United
States might be related to the Great Recession or shifts in dietary
behavior.

We addressed this challenge and sought to answer the fol-
lowing key question: Does the reduction in energy intake and
leveling off and decline in obesity suggest a longer-term shift in
dietary and health behavior that is independent of a turbulent
economic period? With the use of unique longitudinal data and
methods, we modeled changes in household food purchases to
separate out time trends in purchases of overall calories as well as
calories from foods and beverages. These models allowed us to
control for unemployment levels and food prices at the market
level over time as well as household characteristics such as
household composition, education, income, and race-ethnicity.
We combined this method with an analysis of NHANES dietary
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intake trends for adults and children as well as at-home compared
with away-from-home food purchases to provide a full picture of
dietary shifts in the United States. Ultimately, we were able to
examine food and beverage intakes and purchase trends in the
context of major economic and sociodemographic changes and
examined differential trends by race-ethnic groups.

SUBJECTS AND METHODS

See Supplementary Figure 1 under “Supplemental data” in the
online issue for an overview of data sources included.

Dietary intake by US individuals
Dietary intake data

We used nationally representative surveys from the dietary
intake interview section of NHANES 2003-2004 (children: n =
3554; adults: n = 2449) 2005-2006 (children: n = 3778; adults:
n = 2482), 2007-2008 (children: n = 2966; adults: n = 2820), and
2009-2010 (children: n = 3124; adults: n = 3038). The surveys
were multistage, stratified-area probability samples of the US
population, and all surveys used the same USDA food-composition
data to create caloric intake profiles (27-36). To examine trends
over time from surveys with different collection methods on days
1 and 2, we used only the first day’s data (a single, 24-h dietary
recall on the basis of interviews) collected from each individual
and used appropriate weights and adjustments for the sample
design provided.

Sources of dietary intake

To provide a full picture of dietary shifts in the United States
and compare across data sources, we classified each food and
beverage reported consumed by source as store or other. Foods
and beverages that came from a store were obtained from grocery
stores, supermarkets, convenience stores, or drug stores and were
prepared either at the store or in the home. Foods and beverages
obtained away from home (eg, fast food, vending food, from
Meals on Wheels, soup kitchens, other community-feeding
programs, or residential facilities, and foods eaten at someone
else’s home, received as gifts, and from other miscellaneous
sources) were termed other.

Dietary intake analyses

Mean daily energy intakes were estimated for each survey
period. Differences in energy intakes were examined by source,
sex, race-ethnicity (non-Hispanic whites, non-Hispanic blacks,
and Mexican Americans), family income on the basis of the
federal poverty income ratio (gross) by using 3 categories of
poverty income ratio (ie, =130%, 131-185%, and >185% of the
poverty income ratio), and the education level of the household
reference person (less than high school, high school or equiva-
lent, or some college). Mexican Americans had to be used be-
cause the NHANES first adequately surveyed all Hispanics in
2007-2010 (37).

Food and beverage purchases by US households
Household food and beverage purchase data

We compiled household-quarter—level data on consumer
packaged goods (CPG) foods and beverages purchased in terms
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of calories. The Nielsen Homescan (38) is a commercial data
set that contains information on products with barcodes that
households purchased per shopping episode that was acquired
from scanners provided to participants. Households were sam-
pled from 76 markets (52 metropolitan and 24 nonmetropolitan
areas) and weighted to be nationally representative with 35,000—
65,000 households that provided =10 mo data/y from 2000 to
2011. Nielsen Homescan data provide detailed information about
each CPG purchase (from grocery, drug, mass-merchandise, club,
supercenter, and convenience stores), including the date of
shopping episode, number of units or packages, total weight,
and total amount paid for each product (35, 39). To this in-
formation, we merged Nutrition Facts Panel data from a variety
of sources including the Mintel Global New Product Database
(40) by barcode and year to allow for the measurement of the
caloric content (35). Data also included household characteris-
tics such as the household composition [numbers of men, women,
boys (aged 2-6, 7-11, and 12-18 y old), and girls (aged 2-6, 7-11,
and 12-18 y old)], age of the head of household, education of the
head of household (less than high school, high school or equiva-
lent, or some college), household income, market, and quarter. In
this article, we used data from 2,376,436 household-quarter
observations (35, 39) comprised of households with children
=18 y old (n = 602,389 household-quarter observations from
57,298 unique households) and households with adults only (n =
1,774,047 household-quarter observations from 108,932 unique
households).

Unemployment as an economic indicator

In accordance with past work by economists (21), we used
market- and quarter-specific unemployment rates that were rel-
evant to each household in the Homescan database as a proxy for
the economic landscape. This method allowed us to account for
the environment in which people made decisions, received wages
and income, and experienced financial instability or uncertainty
without introducing endogeneity. With the use of monthly un-
employment data from the 2000-2011 Bureau of Labor Statis-
tics’ Local Area Unemployment Statistics (41), we derived the
average quarterly unemployment rate for each of the 76 markets
in the Homescan database.

Household food and beverage purchase analyses

Unadjusted trends in CPG food and beverage purchases.
With the use of 2000-2011 data, we calculated weighted but
unadjusted descriptive results on trends in CPG food and bev-
erage purchases for all households, households with children,
and households with adults only.

Determination of the contribution of recessionary effects
compared with time trends. We included important economic,
sociodemographic, and year measures in our estimation models
to estimate the recessionary compared with time trends on CPG
food and beverage purchases. We followed the basic economic
framework of household decision making for understanding
caloric purchase decisions (42-46) and used maximum-likeli-
hood random-effects (multilevel) models with clustering at the
household. See Supplemental Material 1 under “Supplemental
data” in the online issue for a detailed presented of the model. In the
final model, we included market-quarter level unemployment in-
teracted with year and race-ethnicity. The large number of interaction
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terms in our models made it difficult to interpret the effect of any
single variable. Therefore, we present the marginal effects of the
year (relative to 2000), a 1-percentage point increase in the
market-level unemployment rate, and race-ethnicity (relative to
non-Hispanic whites). We estimated models separately for foods
compared with beverages and by household type (with children
compared with adults only).

Statistical methods

To test for statistical differences between years by using
NHANES data, we used independent 2-sample ¢ tests with P =
0.01 set for statistical significance. For all CPG purchase anal-
yses, we denoted significance when P = 0.001 because of the
large sample size. All analyses were conducted with Stata 12.0
software (StataCorp LP) (47).

RESULTS

Changes in individual dietary intakes in the United States
Trends in dietary intake

For children 2-18 y old and adults =19 y old, the annualized
daily decreases in energy intake between 2003-2004 and 2009—
2010 are shown in Figure 1, A and B . Annualized declines in
calories from beverages were relatively larger for both children
and adults given that beverages constituted a smaller proportion
of total calories.

See Supplemental Tables 1 and 2 under “Supplemental data”
in the online issue for detailed race-ethnic and socioeconomic
differences for children and adults, respectively. The total en-
ergy intake decreased significantly for US children from 2003—
2004 to 2009-2010, and the largest annualized decreases came
from Mexican American children (—47 kcal/d), children from
low-income families (—45 kcal/d), and children whose house-
hold head had a high school education (—51 kcal/d). Notably, no
significant declines were observed from 2003-2004 to 2009-
2010 in adolescents (12—18 y of age), non-Hispanic blacks, and
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children whose household head had less than a high school
education. Trends in intakes of foods paralleled trends in total
energy intakes; in 12-18-y-olds, non-Hispanic blacks, and
children whose head of household has less than a high school
education, no changes were observed in energy intakes from
foods. Meanwhile, reported intakes from beverages decreased
significantly from 2003-2004 to 2009-2010 for all subpopula-
tions (see Supplemental Table 2 under “Supplemental data” in
the online issue).

For adults, in contrast to observed trends in children, there
were few significant declines in the total energy intake (see
Supplemental Table 2 under “Supplemental data” in the online
issue). The only significant declines were in Mexican Ameri-
cans, women, and individuals with some college education. In-
dividuals with a high school education reported significantly
lower daily calories from foods in 2009-2010 than in 2003-2004.
Meanwhile, men, high-income adults and Mexican Americans had
significant declines in energy intakes from beverages from
2003-2004 to 2009-2010 (see Supplemental Table 3 under
“Supplemental data” in the online issue).

Trends in dietary intake by source

Calories from stores comprised 67-71% of total calories
consumed in children and adults from 2003 to 2011. In children,
the percentage of kilocalories per day reported as having been
obtained from stores was slightly lower in 2005-2006 than in
2003-2004 but was not statistically significant (Figure 2A). In
adults, the percentage of kilocalories per day reported to have
been obtained from other sources was also lower in 2009-2010
than in 2003-2004 and 2005-2006 (Figure 2B) but was not statis-
tically significant. See Supplemental Table 3 under “Supplemental
data” in the online issue for a presentation of race-ethnic changes
for children and adults, for which we showed that there was little
change in sources in black children, whereas white children had
decreased their calories from other sources in 2007-2008 and
2009-2010 than in 2003-2004, and Mexican American children
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FIGURE 1. Calories per day from foods and beverages, 2003-2010. Sources: WWEIA NHANES 2003-2004 (children: n = 3554; adults: n = 2449) and
2009-2010 (children: n = 3124; adults: n = 3038). The analysis was weighted to be nationally representative and accounts for the complex survey design. The
statistical difference between years was assessed by using independent 2-sample 7 tests. 'Significantly different from 20032004, P < 0.01. WWEIA, What

We Eat in America.
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FIGURE 2. Calories per day from stores and other food sources, 2003-2010. Sources: What We Eat in America NHANES 2003-2004 (children: n = 3554;
adults: n = 2449) and 2009-2010 (children: n = 3124; adults: n = 3038). The analysis was weighted to be nationally representative and accounts for the
complex survey design. The statistical difference between years was assessed by using independent 2-sample  tests. 'Significantly different from 2003-2004,

P = 0.01.

had decreased their calories from stores in all time periods
than in 2003-2004. In contrast, black and Mexican American
adults showed little change in sources, whereas white adults
showed decreased calories from other sources in 2009-2010 than
in 2003-2004 and 2005-2006.

Changes in CPG food and beverage purchases by US
households

Unadjusted trends in CPG food and beverage purchases

With the use of 20002011 Nielsen Homescan data, we
showed that daily per capita food and beverage purchases fell
over time for both households with children and households with
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adults only (Figure 3, A and B). Because of varying caloric
requirements, households with children purchased significantly
fewer kilocalories per capita per day. More importantly, these
trends showed that, since 2003, the annualized decrease in calories
purchased from both CPG foods and beverages was significant for
households with children, and the decline accelerated during the
Great Recession period (Figure 3A). This decline appears to have
occurred later for adults (Figure 3B). In Figure 3, we also show that,
although absolute decreases in calories from foods were larger,
relative declines in caloric purchases were larger for beverages than
foods.

Since 2003, households with children consistently purchased
fewer calories than in 2000 (P < 0.001) (see Supplemental Table
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FIGURE 3. Unadjusted daily per capita calories purchased from CPG foods and beverages, 2000-2011. Source: Nielsen Homescan 2000-2011 (2,376,436
household-quarter observations). The analysis was weighted to be nationally representative. The statistical difference between years was assessed by using
independent 2-sample ¢ tests. ***Significant difference compared with 2000, *P < 0.01, **P = 0.001; Tt1significant difference compared with the 2000—
2003 ann. change, tp < 0.01, ttp < 0.001. ann., annualized; Bev., beverages; CPG, consumer packaged goods.
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4 under “Supplemental data” in the online issue). Meanwhile,
for households with adults only, this outcome did not happen
consistently until around 2006. In addition, non-Hispanic white
households purchased more calories across the 2000-2011 pe-
riod than other races-ethnicities did, followed by Hispanic
households (see Supplemental Figure 2 under “Supplemental
data” in the online issue). Also, white households began pur-
chasing significantly fewer calories starting in 2005 (compared
with in 2000), whereas Hispanic and black households began
that decline in 2001. Changes over time in other non-Hispanic
households appeared dramatic, but these changes were not dif-
ferent from 2000 until 2009.

Determination of the contribution of time trends compared
with recessionary effects

Marginal effect estimates of the year, unemployment rate, and
race-ethnicity derived from the random-effects model for households
with children and households with adults alone are shown in Tables
1 and 2, respectively. See Supplemental Table 5 under “Supple-
mental data” in the online issue for a presentation of results for all
households combined (key marginal effects are shown in panel A,
and the full set of coefficients is shown in panel B).

We showed that marginal effects of the recession proxied by
the unemployment rate were positively associated with calories
purchased, whereby a 1—percentage point increase in unemployment
in the local market was associated with a 4.1-kcal - capita71 ~d!
increase in total CPG purchases in households with children and
a 1.6-kcal - capita—' - d” ! increase in households with adults only.

TABLE 1
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Overall, there were much more significant year trends not ex-
plained by any household or market-level unemployment or
price changes, and year trends became significant starting in
2003. Year effects were particularly strong for households with
children (see Supplemental Figure 3A under “Supplemental
data” in the online issue) than households with adults only (see
Supplemental Figure 3B under “Supplemental data” in the on-
line issue). In addition, marginal effect estimates showed that
the year trends became consistently significant earlier for bev-
erages than foods.

Last, marginal effect estimates of race-ethnicity showed that
non-Hispanic black, Hispanic, and other households with chil-
dren purchased significantly fewer calories from both foods and
beverages than did non-Hispanic white households with children
over the 2000-2011 period. However, when we looked at these
race-ethnic differences over time, we showed that the gap has
been decreasing since 2008 (see Supplemental Figure 4, A and
B, under “Supplemental data” in the online issue).

DISCUSSION

Food purchases and dietary intake declines in the 2003-2011
period were consistent with trends in obesity that indicated ei-
ther no increase or decreases in obesity on the basis of age, race-
ethnic, or sex groupings. With the use of food and beverage
purchase and NHANES data, this study showed that shifts in
food purchase and eating behaviors that began in 2003 and have
been accelerating were independent of the Great Recession or

Marginal effect of year, unemployment, and race-ethnicity on average consumer packaged goods food and beverage purchases from random-effects models,

in households with children’

Foods Beverages Foods and beverages
cal - capita™" - d™! cal - capita™" - d”! cal - capita™" - d”!
Year (relative to 2000)
2001 2.88 + 4.79% —12.25 = 1.13** —9.50 £ 5.42
2002 —8.20 = 5.95 —12.84 = 1.42%* —20.32 * 6.73*
2003 —29.83 * 6.19%* —17.24 + 1.49%* —45.76 * 7.00%*
2004 —53.44 * 6.07** —26.76 = 1.46%* —80.34 * 6.87**
2005 —68.81 £ 5.94** —35.46 * 1.45%* —105.99 £ 6.72%*
2006 —68.64 £ 5.70%* —40.88 * 1.41%* —110.70 £ 6.45%*
2007 —109.85 £ 5.73%%* —55.79 x 1.41%* —168.05 £ 6.49%*
2008 —144.46 £ 6.20%* —68.83 * 1.52%* —215.01 £ 7.01%*
2009 —168.08 £ 5.55%* =77.02 * 1.35%* —244.20 * 6.28%*
2010 —220.32 £ 5.20%* —89.40 * 1.27%* —309.98 £ 5.99%*
2011 —276.89 £ 5.20%* —98.91 * 1.07** —376.78 £ 5.89%*
One—percentage point increase in unemployment 3.83 * 0.75%* —0.02 = 0.18 4.05 £ 0.85%*
Race-ethnicity (relative to non-Hispanic white)
Hispanic —49.58 * 4.09%* —3.51 £ 1.03* —51.11 ® 4.25%%*
Non-Hispanic black —92.29 * 4.32%%* —14.08 * 1.13%* —104.21 £ 4.89%*
Non-Hispanic other —60.30 * 4.75%* —6.44 + 1.18%* —68.37 * 5.02%*
Joint significance’
Unemployment and year (df = 23) 1783.67** 2600.74%** 2362.65%*
Unemployment and race-ethnicity (df = 7) 141.53%* 67.30%* 137.83%*
Race-ethnicity and year (df = 47) 1128.96** 1428.39%%* 1395.03%**

"Modeled by using a maximum-likelihood random-effects model controlled for household composition, income, household head’s age and education,
race-ethnicity, market, seasonality, and year and market-level price and includes interactions between market and year, unemployment and year, unemploy-
ment and race-ethnicity, and race-ethnicity and year. All models included 602,389 observations from 57,298 unique households (for an average of 10.5

quarters of observations per household). **P = 0.001; *P = 0.01.
2 Coefficient = SE (all such values).

3 Joint significance values were calculated by using the Wald test of joint significance.
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TABLE 2
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Marginal effect of year, unemployment, and race-ethnicity on average CPG food and beverage purchases from random-effects models in households with

adults only’

Foods

Beverages Foods and beverages

1

cal - capita”

Year (relative to 2000)

. d!

cal - capita™! - d”! cal - capita™! - d”!

2001 16.11 + 4.52%% —5.93 £ 1.13%* 9.85 = 5.01
2002 6.04 = 5.70 —6.01 ® 1.45%* 1.00 = 6.33
2003 —15.37 = 5.96* —9.18 £ 1.52%* —22.74 £ 6.61**
2004 —42.20 £ 5.83%* —19.23 + 1.49%* —60.69 + 6.46%*
2005 —41.58 £ 5.68%* —27.09 x 1.47%* —69.14 * 6.30%*
2006 —66.68 £ 5.41%* —38.24 + 1.42%* —105.03 £ 6.01**
2007 —100.90 * 5.48%* —49.26 * 1.43%* —152.24 £ 6.09%*
2008 —120.55 * 6.05%* —64.57 * 1.57%* —185.94 * 6.72%*
2009 —150.12 * 5.67** —74.28 x 1.47%* —222.04 £ 6.29%*
2010 —215.49 + 5.56%* —86.91 * 1.43%* —300.75 £ 6.18**
2011 —289.13 + 5.53%* —96.76 + 1.29%* —384.51 £ 6.14%*
One—percentage point increase in unemployment 1.08 = 0.63 042 = 0.16* 1.64 = 0.70
Race-ethnicity (relative to non-Hispanic white)
Hispanic —23.35 £ 5.47%* —2.02 £ 142 —24.84 * 6.11%*
Non-Hispanic black —88.35 £ 5.27%* —5.36 £ 1.40%* —93.65 * 5.92%%*
Non-Hispanic other —42.36 £ 5.20%* —7.63 * 1.34%* —49.47 + 5.80%*
Joint significance’
Unemployment and year (df = 23) 4661.78** 5823.84%*%* 6534.73%%*
Unemployment and race-ethnicity (df = 7) 169.78** 35.13%* 152.00%*
Race-ethnicity and year (df = 47) 2031.02%%* 2236.19%* 2601.45%*

"Modeled by using a maximum-likelihood random-effects model controlled for household composition, income, household head’s age and education,
race-ethnicity, market, seasonality, and year and market-level price and includes interactions between market and year, unemployment and year, unemploy-
ment and race-ethnicity, and race-ethnicity and year. Models accounted for clustering at the household level and included 1,774,047 observations from 108,932
unique households (for an average of 16.3 quarters of observations per household). **P = 0.001; *P = 0.01. CPG, consumer packaged goods.

2 Coefficient = SE (all such values).

3 Joint significance values were calculated by using the Wald test of joint significance.

food prices. In both dietary intake household purchase data, we
showed that children or households with children have been de-
creasing their calories the most. Moreover, in both data sources, we
showed that, although absolute caloric reductions from foods were
larger, relative caloric reductions from beverages were higher.
Household purchase data also suggested that changes in calories
purchased from beverages started occurring earlier than for food.

Our results suggested that media coverage, discussions, and
actions in the United States that focused on obesity and the role of
sugar-sweetened beverages may have played a role in this set of
changes; a recent article showed a decrease in calories from
sugar-sweetened beverages in children and adults since 1999
(48). The significant revision of the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC)
packages toward one significantly less obesogenic might have
played an added role in infants and preschoolers (49, 50).
Similarly, many school systems began to shift toward a more-
healthful school feeding program before the initiation of new
national school feeding programs and policies (51-53).

It is possible that some of these changes might also have been
partly attributed to changes by food manufacturers and retailers.
There have been some voluntary efforts by manufacturers to
reduce the caloric contents of their products (54). Large global
and national brands have also started to change their product
formulations and portfolios for the United States over time,
particularly in the beverage category in which they reduced the
energy density of beverages sold (55). Several retailers have also
made public announcements, eg, Walmart has pledged to address
US obesity by reducing the calories of products sold at their

stores, including the reformulation of its Great Value products
(56). Safeway’s SimplyNutrition push to sell a healthier mix of
products and reformulate its store-brand products is another
example (57). Until rigorous evaluations of such efforts by food
manufacturers and retailers occur, it remains unclear what
changes will actually happen and what their impacts will be.
The small positive association between unemployment and CPG
calories purchased also deserves additional investigation, and
a related article showed evidence that this association could
have been because, during challenging economic times, people
ate out less (and, thus, bought more foods from stores for home
consumption), and people shifted toward cheaper store-brand
alternatives that were, on average, more calorically dense (SW
Ng, DK Guilkey, BM Popkin, unpublished observations, 2013).

Unfortunately, because we could control only for economic
factors, we can only speculate on the cause of these changes. We
expected that, because these noted trends started in 2002, they
potentially represented consumer behavior shifts; however, the
more-recent acceleration may also have included food industry
and retailer changes as well. Furthermore, it is not possible to
know if these are permanent or temporary shifts or whether they
are subpopulation specific. The length of decline, and because
these changes began to emerge and have been sustained since
2003, suggested a long-lasting shift in consumer attitudes and
behavior overall, but the closing gap between non-Hispanic
black, Hispanic, and non-Hispanic white households since 2007—
2008 (see Supplemental Figure 4 under “Supplemental data” in
the online issue) may indicate that this behavior shift might be
temporary for certain races-ethnicities.



TURNING POINT FOR US DIETS?

Our results of an annualized decline of ~36—44 kcal/d in
caloric purchases did not readily translate to equivalent declines
in caloric intake because we are aware of food waste in what we
purchase (58). In addition, the Nielsen Homescan purchase data
did not include nonstore sources of foods (eg, food service) or
random-weight products (eg, bulk nuts, loose fruit and vegeta-
bles, and deli meats) and, thus, were limited to CPG purchases.
Despite these differences between household CPG purchase data
and individual diet intake measures, trends from these 2 types of
data were comparable, which lent support to our findings. When
we looked at individual intake data, we showed that children’s
annualized decline of 35 kcal/d was close to the estimated av-
erage energy gap of 41 kcal/d to prevent weight increases but
was still far from the needed reduction of 120 kcal/d to achieve
Healthy People 2010 goals (5). At the same time, note that, for
most US children, the decline brought energy intakes down to
comparable intakes observed in 1989-1991 (59).

This work has only considered (sub)population averages in
calories consumed or purchased and has yet to delve into where
along the distribution and in whom the largest changes may be
occurring. We are addressing these aspects in ongoing work by
using the National Cancer Institute method (60) to estimate usual
intakes with corrections for misreporting of dietary intake in the
NHANES (unpublished data).

In addition, this study focused on energy intake because of its
direct relation with obesity and did not look at diet quality. Although
our findings appeared promising from an energy intake standpoint, this
result did not mean that the overall quality of US diets has improved
because both children and adults still consume too-much excess solid
fats and added sugars (36, 61, 62). Therefore, it is important that future
work expands on changes in other key macronutrients and micro-
nutrients, particularly solid fats and added sugars. In addition, in
related research, we have documented significant shifts toward
noncaloric sweeteners, particularly in beverages (63), whereby it
is still unclear what the health implications shifts might be.

In conclusion, our results show that overall caloric intake and
purchases have declined, and the decline was disproportionately
from beverages and stronger in children. In addition, the changes
appear to represent at least short-term behavioral trends. These
results fit readily with the observed obesity trends and offer
evidence that current and continued efforts by both the public and
private sectors can further affect obesity levels. At a minimum,
we show that the leveling off of obesity relates to important
caloric purchase and intake shifts and provided promise for
additional changes if we systematically address ways to improve
our food supply, purchase, and eating patterns.

We thank Phil Bardsley, Donna Miles, and Izabela Annis for exceptional
work with data management and programming, Frances L Dancy for admin-
istrative assistance, and Tom Swasey for assistance with graphics.

The authors’ responsibilities were as follows—SWN: was involved in the
study design and data analyses and interpretation and wrote the manuscript;
MMS: contributed to the data analysis and interpretation and writing of the
manuscript; and BMP: led in manuscript conceptualization and interpreta-
tion and contributed to the writing of the manuscript. None of the authors
had a conflict of interest.

REFERENCES
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and
trends in body mass index among us children and adolescents, 1999-
2010. JAMA 2012;307:483-90.

2.

10.

11.

12.

13.

14.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

615

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and
trends in the distribution of body mass index among us adults, 1999-
2010. JAMA 2012;307:491-7.

. Tavernise S. Obesity in young is seen as falling in several cities. New

York Times 2012 Dec 10. Available from: http://www.nytimes.com/2012/
12/11/health/childhood-obesity-drops-in-new-york-and-philadelphia.html.

. Centers for Disease Control and Prevention(CDC). Vital signs: obesity

among low-income, preschool-aged children—United States, 2008-
2011. MMWR Morb Mortal Wkly Rep 2013;62:629-34.

. Wang YC, Orleans CT, Gortmaker SL. Reaching the healthy people

goals for reducing childhood obesity: Closing the energy gap. Am J
Prev Med 2012;42:437-44.

. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie

ML, Gortmaker SL. The global obesity pandemic: shaped by global
drivers and local environments. Lancet 2011;378:804—14.

. Hall KD, Sacks G, Chandramohan D, Chow CC, Wang YC, Gortmaker

SL, Swinburn BA. Quantification of the effect of energy imbalance on
bodyweight. Lancet 2011;378:826-37.

. Ng SW, Popkin BM. Time use and physical activity: a shift away from

movement across the globe. Obes Rev 2012;13:659-80.

. Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP,

Rodarte RQ, Martin CK, Blair SN, Bouchard C. Trends over 5 decades
in U.S. occupation-related physical activity and their associations with
obesity. PLoS ONE 2011;6:¢19657.

Huhman M, Lowry R, Lee S, Fulton J, Carlson S, Patnode C. Physical
activity and screen time: trends in U.S. children aged 9-13 years, 2002-
2006. J Phys Act Health 2012;9:508-15.

Gortmaker SL, Lee R, Cradock A, Sobol A, Duncan D, Wang Y.
Disparities in youth physical activity in the United States: 2003-2006.
Med Sci Sports Exerc 2012;44:888-93.

Centers for Disease Control and Prevention. 1988-2008 no leisure-time
physical activity trend chart. Atlanta, GA: Center for Disease Control
and Prevention, 2013.

Ford ES, Dietz WH. Trends in energy intake among adults in the United
States: findings from NHANES. Am J Clin Nutr 2013;97:848-53.
National Bureau of Economic Research. US business cycle expansions
and contractions. In: NBER, ed. NBER business cycles. Cambridge,
MA: NBER. Available from: http://www.nber.org/cycles.html (cited
December 2013).

. Benson T, Minot N, Pender J, Robles M, von Braun J. Global food

crises monitoring and assessing impact to inform policy responses.
Washington, DC: IFPRI, 2008.

Kumcu A, Kaufman P. Food spending adjustments during recessionary
times. Amber Waves 2011 Sept. Available from: http://www.ers.usda.
gov/amber-waves/201 1-september/food-spending.aspx.

von Braun J, Ahmed A, Asenso-Okyere K, Fan S, Gulati A, Hoddinott
J, et al. High food prices: the what, who, and how of proposed policy
actions. Washington, DC: IFPRI; 2008.

Ruhm CJ. Are recessions good for your health? Q J Econ 2000;115:
617-50.

Ruhm CJ. Healthy living in hard times. J Health Econ 2005;24:341-63.
Miller DL, Page ME, Stevens AH, Filipski M. Why are recessions good
for your health? Am Econ Rev 2009;99:122-7.

Dave DM, Kelly IR. How does the business cycle affect eating habits?
Soc Sci Med 2012;74:254-62.

Volpe R. The relationship between national brand and private label
food products: prices, promotions, recessions and recoveries. Eco-
nomic Research Report No. (ERR-129). Economic Research Service,
USDA, 2011 December. Available from: http://www.ers.usda.gov/
publications/err-economic-research-report/err129.aspx.

Volpe R. Evaluating the performance of US supermarkets: pricing
strategies, competition from hypermarkets, and private labels. J Agr
Resource Econ 2011;36:488.

DHHS, ed. Building healthier communities by investing in prevention.
9 Feb 2011. Washington, DC: US Department of Health and Human
Services, 2011. Available from: http://www.healthcare.gov/news/fact-
sheets/2011/02/prevention0209201 1b.html (cited 1 November 2013).
Wilson D. Tobacco funds shrink as obesity fight intensifies. New York
Times 2010 July 27. Available from: http://www.nytimes.com/2010/07/
28/health/policy/28obesity.html.

Ervin RB, Ogden CL. Trends in intake of energy and macronutrients in
children and adolescents from 1999-2000 through 2009-2010. In: US
Centers for Disease Control and Prevention, ed. NCHS data brief.
Hyattsville, MD: National Center for Health Statistics, 2013.



616

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.
43.
44.

45.

46.

NG ET AL

NCHS, CDC, USDHHS. National Health and Nutrition Examination
Survey Data 2003-2004. Hyattsville, MD: US Department of Health
and Human Services.

NCHS, CDC, USDHHS. National Health and Nutrition Examination
Survey Data 2007-2008. Hyattsville, MD: US Department of Health
and Human Services.

NCHS, CDC, USDHHS. National Health and Nutrition Examination
Survey Data 2005-2006. Hyattsville, MD: US Department of Health
and Human Services.

Bodner J, Perloff B. Databases for analyzing dietary data—the latest word
from What We Eat in America. J Food Compost Anal 2003;16:347-58.
USDA. Food and Nutrient Database for Dietary Studies, 2.0. Wash-
ington, DC: US Department of Agriculture ARS, Food Survey Re-
search Group, 2006.

USDA. Food and Nutrient Database for Dietary Studies, 4.1. Wash-
ington, DC: US Department of Agriculture ARS, Food Survey Re-
search Group, 2010.

USDA. Food and Nutrient Database for Dietary Studies, 3.0. Wash-
ington, DC: US Department of Agriculture ARS, Food Survey Re-
search Group, 2008.

NCHS, CDC, USDHHS. National Health and Nutrition Examination
Survey Data 2009-2010. Hyattsville, MD: US Department of Health
and Human Services.

Slining MM, Ng SW, Popkin BM. Food companies’ calorie-reduction
pledges to improve U.S. diet. Am J Prev Med 2013;44:174-84.
Slining M, Popkin B. Trends in intakes and sources of solid fats and
added sugars among U.S. children and adolescents: 1994-2010. Pediatr
Obes 2013;8:307-24. .

National Health and Nutrition Examination Survey. Analytic note re-
garding 2007 2010 survey design changes and combining data across
other survey cycles. In: US Centers for Disease Control and Prevention,
editor. NCHS home surveys and data collection systems National
Health and Nutrition Examination Survey questionnaires, datasets, and
related documentation. Atlanta, GA: CDC, 2012. Available from:
http://www.cdc.gov/nchs/data/nhanes/analyticnote_2007-2010.pdf.
The Nielsen Company. Nielsen. Available from: http://www.nielsen.
com/us/en (cited 1 June 2013).

Ng SW, Popkin BM. Monitoring foods and nutrients sold and con-
sumed in the United States: dynamics and challenges. J Acad Nutr Diet
2012;112(1):41-45.¢4.

Mintel. Global new product database. Available from: http://www.
gnpd.com/sinatra/gnpd/frontpage/ (cited 1 June 2013).

Bureau of Labor Statistics. Local area unemployment statistics.
Available from: http://www.bls.gov/lau/ (cited 1 November 2013).
Behrman JR, Deolalikar AB, Wolfe BL. Nutrients: impacts and de-
terminants. World Bank Econ Rev 1988;2:299-320.

Pitt MM, Rosenzweig MR. Health and nutrient consumption across and
within farm households. Rev Econ Stat 1985;67:212-23.

Blaylock J, Smallwood D, Kassel K, Variyam J, Aldrich L. Economics,
food choices, and nutrition. Food Policy 1999;24:269-86.

Deaton A. The allocation of goods within the household: adults,
children, and gender. Washington, DC: Population and Human Re-
sources Department, World Bank, 1988.

Thomas D, Strauss J. Prices, infrastructure, household characteristics
and child height. J Dev Econ 1992;39:301-31.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

StataCorp. Stata statistical software: release 12. College Station, TX:
StataCorp LP, 2012.

Kit BK, Fakhouri T, Park S, Nielsen S, Ogden C. Trends in sugar-
sweetened beverage consumption among youth and adults in the
United States: 1999-2010. Am J Clin Nutr 2013;98:180-8.

Food and Nutrition Board. WIC food packages: time for a change.
Washington, DC: National Academy Press, 2005.

Whaley SE, Ritchie L, Spector P, Gomez J. Revised WIC food
package improves diets of WIC families. J Nutr Educ Behav 2012;
44:204-9.

Marcason W. What are the new national school lunch and breakfast
program nutrition standards? J Acad Nutr Diet 2012;112:1112.
Ohri-Vachaspati P, Turner L, Chaloupka F. Fresh Fruit and Vegetable
Program participation in elementary schools in the United States and
availability of fruits and vegetables in school lunch meals. J Acad Nutr
Diet 2012;112:921-6.

Food and Nutrition Service (FNS), USDA. Nutrition standards in the
National School Lunch and School Breakfast Programs. Final rule. Fed
Regist 2012;77:4088-167.

Healthy Weight Commitment Foundation. Food and beverage manufac-
turers pledging to reduce annual calories by 1.5 trillion by 2015. 2010.
Available from: http://www.healthyweightcommit.org/news/Reduce_
Annual_Calories/May 17, 2010 (cited 1 December 2013).

Kleiman S, Ng S, Popkin B. Drinking to our health: can beverage
companies cut calories while maintaining profits? Obes Rev 2012;13:
258-74.

Walmart. Walmart launches major initiative to make food healthier and
healthier food more affordable. 2011 Jan 20. Available from: http://
news.walmart.com/news-archive/2011/01/20/walmart-launches-major-
initiative-to-make-food-healthier-healthier-food-more-affordable (cited 1
December 2013).

BusinessWire. Safeway announces “SimpleNutrition,” an in-store shelf
tag system, to help shoppers find the right nutrition choices for them.
2011 Feb 16. Available from: http://www.businesswire.com/news/home/
20110215007790/en/Safeway-Announces-%E2%80%98SimpleNutrition
%E2%80%99-In-Store-Shelf-Tag-System (cited 7 Jan 2013).

Hall KD, Guo J, Dore M, Chow CC. The progressive increase of food
waste in America and its environmental impact. PLoS ONE 2009;4:
€7940.

Duffey KJ, Popkin BM. Energy density, portion size, and eating oc-
casions: contributions to increased energy intake in the United States,
1977-2006. PLoS Med 2011;8:e1001050.

Tooze JA, Kipnis V, Buckman DW, Carroll RJ, Freedman LS, Guenther
PM, Krebs-Smith SM, Subar AF, Dodd KW. A mixed-effects model
approach for estimating the distribution of usual intake of nutrients: the
NCI method. Stat Med 2010;29:2857-68.

Reedy J, Krebs-Smith S. Dietary sources of energy, solid fats, and
added sugars among children and adolescents in the United States. J
Am Diet Assoc 2010;110:1477-84.

Slining MM, Popkin BM. Trends in intakes and sources of solid fats
and added sugars among U.S. children and adolescents: 1994-2010.
Pediatr Obes 2013;8:307-24.

Piernas C, Ng SW, Popkin B. Trends in purchases and intake of foods
and beverages containing caloric and low-calorie sweeteners over the
last decade in the United States. Pediatr Obes 2013;8:294-306.



