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ABSTRACT
Background: The proposed changes to the Nutrition Facts Label by
the US Food and Drug Administration will include information on
added sugars for the first time.
Objective: The objective was to evaluate the sources of added
sugars in the diets of a representative sample of US children and
adults by food purchase location and food source (eg, food group).
Design: This cross-sectional study among 31,035 children, adoles-
cents, and adults aged $6 y from the 2003–2004, 2005–2006, 2007–
2008, and 2009–2010 NHANES used data from a 24-h dietary recall
to evaluate consumption of added sugars. Food locations of origin
were identified as stores (supermarket or grocery store), quick-service
restaurants/pizza (QSRs), full-service restaurants (FSRs), schools, and
others (eg, vending machines or gifts). Added sugars consumption by
food purchase location was evaluated by age, family income-to-poverty
ratio, and race-ethnicity. Food group sources of added sugars were
identified by using the National Cancer Institute food categories.
Results: Added sugars accounted for w14.1% of total dietary en-
ergy. Between 65% and 76% of added sugars came from stores, 6%
and 12% from QSRs, and 4% and 6% from FSRs, depending on age.
Older adults (aged $51 y) obtained a significantly greater proportion
of added sugars from stores than did younger adults. Lower-income
adults obtained a significantly greater proportion of added sugars
from stores than did higher-income adults. Intake of added sugars
did not vary by family income among children/adolescents. Soda and
energy and sports drinks were the largest food group sources of added
sugars (34.4%), followed by grain desserts (12.7%), fruit drinks
(8.0%), candy (6.7%), and dairy desserts (5.6%).
Conclusions: Most added sugars came from foods obtained from
stores. The proposed changes to the Nutrition Facts Label should
capture the bulk of added sugars in the US food supply, which
suggests that the recommended changes have the potential
to reduce added sugars consumption. Am J Clin Nutr 2014;100:
901–7.

INTRODUCTION

Added sugars represent a significant proportion of the US diet,
supplying from 13.1% to 17.5% of total daily energy among
children and 11.2% to 14.5% among adults, depending on age (1,
2). There are concerns that excessive consumption of added
sugars has contributed to the US obesity epidemic (3, 4). The
potential links between intake of added sugars and obesity and
other outcomes, including diabetes and cardiovascular disease,
have become a matter of public health concern (5–9). Despite
evidence of a decreasing consumption of added sugars in the

United States (10–12), reducing added sugars consumption re-
mains a priority of the 2010 Dietary Guidelines for Americans,
the WHO, American Heart Association, the Institute of Medicine,
and the American Academy of Pediatrics (3, 13–16). Energy from
added sugars is an important and detrimental component of the
2010 Healthy Eating Index—a measure of conformance to the
2010 Dietary Guidelines for Americans (17, 18).

According to the National Cancer Institute (NCI)4 analyses of
NHANES 2005–2006 data, the primary sources of added sugars
in the American diet were soda and energy and sports drinks,
grain-based desserts, fruit drinks, dairy desserts, and candy (19).
Collectively, these food groups contributed 66% of total added
sugars. Whereas the principal food sources of added sugars have
been well characterized, the principal purchase locations have
not. A recent CDC report estimated that between 58% and 67%
of added sugars consumed by adults were consumed at home as
opposed to away from home (1). Data on specific purchase lo-
cations, such as supermarkets or grocery stores, quick-service
restaurants/pizza (QSRs), full-service restaurants (FSRs), or
school cafeterias have not been evaluated.

Because the Nutrition Facts Label applies to packaged foods, it
is important to know whether the proposed changes will capture
the bulk of added sugars consumed in the US. The present
analyses evaluated added sugars consumption in a representative
sample of US children and adults by food purchase location and
specific food source (eg, food groups).

SUBJECTS AND METHODS

Dietary intake data

This cross-sectional study was based on data from 4 cycles
of the nationally representative NHANES from 2003–2004,
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2005–2006, 2007–2008, and 2009–2010. NHANES is a large
population-based survey that uses a complex multistage proba-
bility sample to create a representative sample of the non-
institutionalized civilian US population. Data from a 24-h
dietary recall were used to identify the primary sources of added
sugars by food purchase location and by specific food source
(20). The National Center for Health Statistics obtained In-
stitutional Review Board approval for all cycles of NHANES,
and the data have been made available for public use (21).
Analyses of publicly available federal data are exempt from
human subject review by the University of Washington.

The current analyses were based on one 24-h dietary recall
conducted in person. A single 24-h recall for a large population
yields an unbiased estimate of the population-level dietary pat-
terns (22). Respondents reported the types and amounts of all
foods and beverages consumed in the preceding 24 h, from
midnight to midnight. The NHANES 24-h recall, using the
USDA computerized Automated Multiple Pass Method, first
identified the foods consumed and followed with a probe for any
forgotten foods and the reporting of time and occasion for each
food item reported. A detailed cycle was then conducted to es-
timate amounts consumed, followed by a final probe for any
potentially forgotten foods (20). For children aged 6–11 y, the
child was the primary respondent, but a proxy respondent
(parent or guardian) was present and able to assist. For children
aged $12 y, the child was the primary source of dietary recall,
but could be assisted by an adult who had knowledge of their
diet. The dietary recall could be conducted in either Spanish or
English.

Data from the MyPyramid Equivalents Database (MPED)
were used to assess intakes of added sugars in teaspoon equiv-
alents, which corresponds to w4.2 g table sugar (23). The
MPED 2.0 database was updated for use with more recent
NHANES cycles by imputing the MPED equivalents for a lim-
ited number of foods (n = 291). Data for the more recent Food
Patterns Equivalent Database were not used because this anal-
ysis was completed before the release of the database.

Purchase locations of origin

For each food or beverage listed, NHANES data provided
information on the locations where the food was obtained (eg,
food purchase locations). The primary locations were stores,
QSRs (including pizza takeout/delivery), FSRs, and schools. The
other locations of origin included food as a gift from someone
else, vending machines, other types of cafeterias (including in the
workplace), tavern/bar, or a sporting, cultural, or entertainment
event (eg, movie theater or baseball game) (20). The store cat-
egory did not separate grocery stores, supermarkets, convenience
stores, and specialty food stores. For this study, the primary
purchase locations were limited to grocery stores, QSRs (in-
cluding pizza takeout/delivery), FSRs, school cafeterias (for
children/adolescents), and a combined “other” category.

Defining food sources

The Food and Nutrient Database for Dietary Studies (FNDDS)
provides a detailed description of each food and beverage con-
sumed by NHANES participants (24). All foods consumed by
NHANES participants were aggregated into 96 food groups

belonging to 8major food groups, based on a food-coding scheme
developed by the NCI. In the current study, NHANES-cycle
specific versions of FNDDS were used (eg, FNDDS 2.0 for
NHANES 2003–2004) (24). Examples of food groups were soda
and energy and sports drinks, yeast breads, grain-based desserts,
burgers, fried potatoes, pizza, sandwiches, chicken dishes, or
mixed Mexican dishes. The NCI food groups have been useful
for showing the relative contribution of different food groups to
energy or nutrient intakes at the population level (3, 19). The
authors of the current study coded the NHANES foods into the
NCI food groups.

Analytic approach

Separate analyses were conducted for children (age 6–11 y),
adolescents (age 12–19 y), and younger (age 20–50 y) and older
(age $51 y) adults and for the entire population. These age
groups were selected to focus on elementary school-age chil-
dren, secondary school-age children, and younger and older
adults.

First, the NCI coding scheme was used to estimate the relative
contribution of specific food sources to added sugars intakes by
age group. The food purchase location was then used to estimate
the relative contribution of added sugars to the US diet by age
group, race-ethnicity, and family income-to-poverty ratio (IPR).
Age, race-ethnicity, and family income were assessed in the
NHANES questionnaire. Analyses of food purchase location for
added sugars by race-ethnicity and family IPR were conducted
separately for children/adolescents and adults, and all analyses
were age-adjusted to account for differences in the age distri-
bution that may drive any relation between race/family income
and added sugars consumption. Age adjustment was done by using
direct standardization with age weights from the US standard
million population (25).

Whereas the primary aim of this cross-sectional study was
descriptive, limited hypothesis testing was conducted. Specifi-
cally, we evaluated whether there were significant effects of age
group and race-ethnicity on added sugars consumption using
a survey-weighted Wald test after adjusting for age by making
a pairwise contrast with age 20–50 y and non-Hispanic whites as
the reference groups. Similar analyses were conducted for
family IPR with 4 groups (,1, 1–1.99, 2–3.99, and $4), the
reference group being children/adolescents or adults with a ratio
,1. All analyses were based on a complete case approach, and
only data for family IPR were missing for some subjects. Be-
cause NHANES is a complex sample survey, all analyses re-
ported here were survey-weighted to account for the survey
design and reflect the behaviors of the US population. Analyses
were conducted by using Stata 13.1 (StataCorp).

RESULTS

Study population

Of 34,039 children and adults aged $6 y in the 2003–2010
NHANES database, 31,035 completed a valid 24-h recall (4187
children aged 6–11 y, 6698 adolescents aged 12–19 y, 10,700
adults aged 20–50 y, and 9450 adults aged .50 y). Only in-
dividuals who did not complete a valid 24-h recall were ex-
cluded from the current study. The study population was
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representative of the US population from 2003 to 2010: 69% of
the study population was non-Hispanic white, 12.1% was non-
Hispanic black, 9.1% was Mexican-American, 4.2% was other
Hispanic, and 5.7% was other race/mixed race.

Added sugars by age and food purchase location

Added sugars consumption, by age group and by purchase
location, are shown in Figure 1. Overall, 71.1% (95% CI:
70.3%, 71.9%) of added sugars consumed among children and
adults aged $6 y came from stores. About 15.6% (95% CI:
14.9%, 16.4%) of added sugars came from restaurants, 9.9%
(95% CI: 9.3%, 10.4%) from QSRs, and 5.8% (95% CI: 5.3%,
6.2%) from FSRs. For each age group, at least two-thirds of
added sugars came from stores.

For primary school-age children (6–11 y), 65.1% (95% CI:
62.9%, 67.4%) of added sugars came from grocery stores, 9.0%
(95% CI: 7.8%, 10.1%) from QSRs, 4.3% (95% CI: 3.4%, 5.2%)
from FSRs, and 6.8% (95% CI: 5.8%, 7.9%) from school caf-
eterias. Among adolescents (12–19 y), 70.3% (95% CI: 68.8%,
71.8%) of added sugars came from grocery stores, 11.6% (95%
CI: 10.8%, 12.5%) from QSRs, and 4.9% (95% CI: 4.0%, 5.7%)
from FSRs. The contribution of school cafeterias was 3.8%
(95% CI: 3.0%, 4.6%). For adults aged 20–50 y, 70.4% (95% CI:
69.1%, 71.6%) of added sugars came from grocery stores,
11.1% (95% CI: 10.2%, 12.1%) from QSRs, and 6.1% (95% CI:
5.5%, 6.7%) from FSRs. Consumption of added sugars was
lower among adults aged $51 y: 75.7% (95% CI: 74.5%,
76.9%) came from grocery stores, and 6.3% (95% CI: 5.6%,
7.0%) and 6.2% (95% CI: 5.5%, 6.9%) each came from QSRs
and FFRs, respectively.

Added sugars by income and purchase location

Data on family IPR were missing for 6.8% of subjects (n =
2105), who were excluded from the analysis by IPR. Added
sugars consumption among children aged 6–19 y, by IPR and by
purchase location, are shown in Figure 2 (top panel). Added
sugars consumption among adults aged $20 y, by household

income and purchase location, are shown in Figure 2 (bottom
panel). Stores supplied the bulk of added sugars for all age and
income groups. Lower-income (IPR ,1.0) adults consumed
significantly more added sugars and derived a significantly
greater proportion of added sugars from grocery stores than did
higher-income adults (IPR $4). No socioeconomic gradient in
added sugars consumption was observed for children.

Added sugars by race-ethnicity and purchase location

Added sugars consumption among children aged 6–19 y, by
race-ethnicity and by purchase location, are shown in Figure 3
(top panel). Non-Hispanic white children consumed signifi-
cantly more added sugars overall than did Mexican-American
(P , 0.001) and non-Hispanic black (P = 0.04) children. Non-
Hispanic white children consumed significantly more store-
bought added sugars than did Mexican-American children (P ,
0.001). Non-Hispanic white children consumed significantly
more added sugars from QSRs than did non-Hispanic black

FIGURE 1. Mean added sugars (tsp equivalent) consumption by food
purchase location and age group, NHANES 2003–2010. 1 tsp equivalent ¼
w4.2 g table sugar (23). Values in parentheses are SEs. Asterisks indicate
a statistically significant difference from the 20–50 y age group (reference group;
age 12–19 y is the reference group for school data) based on a survey-weighted
Wald test: ***P , 0.001, **0.001 , P , 0.01, *0.01 , P , 0.05. FSR, full-
service restaurant; QSR, quick-service restaurant; ref, reference; tsp, teaspoon.

FIGURE 2. Age-adjusted mean added sugars (tsp equivalent) intake by
food purchase location and family income-to-poverty ratio among US children/
adolescents (age 6–19 y) and adults (age $ 20 y), NHANES 2003–2010.
1 tsp equivalent ¼ w4.2 g table sugar (23). Values in parentheses are SEs.
Asterisks indicate a statistically significant difference from the family in-
come-to-poverty ratio , 1 (reference group) based on a survey-weighted Wald
test: ***P, 0.001, **0.001 , P, 0.01, *0.01 , P, 0.05. FSR, full-service
restaurant; QSR, quick-service restaurant; ref, reference; tsp, teaspoon.
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children (P , 0.001). Non-Hispanic white children consumed
significantly less added sugars from schools than did either non-
Hispanic black (P , 0.001) or Mexican-American (P = 0.004)
children.

Added sugars consumption among adults aged $20 y, by
race-ethnicity and purchase location, are shown in Figure 3
(bottom panel). The age-adjusted proportion of added sugars
from stores was 72.4% (95% CI: 71.3%, 73.5%) for non-
Hispanic white adults, 75.5% (95% CI: 74.0%, 77.0%) for non-
Hispanic black adults, and 73.5% (95% CI: 71.1%, 75.9%) for
Mexican American adults. However, the differences by race-
ethnicity were the opposite of those observed for children.
Non-Hispanic white adults consumed the least amount of
added sugars overall, whereas non-Hispanic blacks consumed
the most (P , 0.001 compared with non-Hispanic white
adults).

Added sugars by specific food source

Added sugars accounted for w14.1% (95% CI: 13.8%,
14.4%) of dietary energy in the total diet. The contribution of
added sugars to total daily energy intakes first rose and then fell
with age. Added sugars provided 16.2% (95% CI: 15.7%,
16.9%) of total dietary energy for the 6–11-y age group, 17%
(95% CI: 16.4%, 17.5%) of energy for the 12–19-y age group,
14.4% (95% CI: 13.9%, 14.9%) of energy for the 20–50-y age
group, and 11.6% (95% CI: 11.3%, 12.0%) for the $51-y age
group.

The main sources of added sugars in the US diet for the
population aged $6 y are shown elsewhere (see Supplemental
Figure 1 under “Supplemental data” in the online issue). Data
are presented for the top 10 food groups. Consistent with past
analyses of 2005–2006 NHANES (19), soda and energy and
sports drinks were the largest single source of added sugars
(34.4%), followed by grain desserts (12.7%), fruit drinks (8.0%),
candy (6.7%), and dairy desserts (5.6%). All of the remaining
food groups contributed 14.5% of added sugars, with no single
category providing .0.3% of total. Converted to energy intakes,
added sugars from soda and energy and sports drinks accounted
for w4.9% of total daily energy from all sources; grain deserts
supplied 1.8% and fruit drinks another 1.1%.

The contribution to added sugars consumption of specific food
sources is shown elsewhere (see Supplemental Table 1 under
“Supplemental data” in the online issue). Added sugars from the
top 20 food sources are presented in teaspoon equivalents (tsp)
and are shown separately by age group. Briefly, the top sources
of added sugars for children aged 6–11 y were soda and energy
and sports drinks (4.7 tsp), followed by grain desserts (2.6 tsp),
fruit drinks (2.5 tsp), candy (1.7 tsp), and dairy desserts (1.4 tsp).
Among adolescents aged 12–19 y, the top sources were soda (10
tsp), fruit drinks (2.5 tsp), grain-based desserts (2.3 tsp), and
candy (1.7 tsp). For younger adults, the leading sources were
soda (8.6 tsp), grain-based desserts (2.4 tsp), fruit drinks (1.6
tsp), and candy (1.3 tsp). For older adults, the main sources were
soda (3.1 tsp), grain-based desserts (2.5 tsp), dairy desserts (1.2
tsp), and candy (1.0 tsp).

Store-bought added sugars by age and specific food source

The top 20 sources of store-bought added sugars (tsp), by age
group, are shown in Table 1. Among children aged 6–11 y, most
added sugars came from store-bought soda (2.7 tsp), fruit drinks
(1.9 tsp), grain-based desserts (1.8 tsp), ready-to-eat cereals (1.2
tsp), candy (1.1 tsp), and syrups/toppings (0.9 tsp). For the 12–
19 y age group, most added sugars came from store-bought soda
(6.6 tsp), fruit drinks (1.9 tsp), grain-based desserts (1.7 tsp),
ready-to-eat cereals (1.1 tsp), and candy (1.3 tsp). For the 20–50
y age group, most added sugars came from store-bought soda
(5.7 tsp), grain-based desserts (1.7 tsp), fruit drinks (1.2 tsp), and
candy (1.0 tsp). For adults aged .50 y, added sugars came from
store-bought soda (2.1 tsp), grain-based desserts (1.7 tsp), dairy
desserts (0.9 tsp), and candy (0.9 tsp).

The top 20 food sources of added sugars (tsp) from QSRs,
FSRs, and “other” sources (excluding stores and restaurants), by
age group, are shown elsewhere (see Supplemental Tables 2–4
under “Supplemental data” in the online issue). Among children,
adolescents, and adults aged 6–11 y, 12–19 y, and 20–50 y,

FIGURE 3. Age-adjusted mean added sugars (tsp equivalent) intake by
food purchase location and race-ethnicity among US children/adolescents
(age 6–19 y) and adults (age$ 20 y), 2003–2010. 1 tsp equivalent ¼w4.2 g
table sugar (23). Values in parentheses are SEs. Asterisks indicate a statisti-
cally significant difference from non-Hispanic whites (reference group)
based on a survey-weighted Wald test: ***P , 0.001, **0.001 , P ,
0.01, *0.01 , P , 0.05. FSR, full-service restaurant; QSR, quick-service
restaurant; ref, reference; tsp, teaspoon.
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4.3%, 6.7%, and 6.1%, respectively, of total added sugars came
from soda from QSRs. Foods from QSRs were not important
sources of added sugars consumed by older adults (see Sup-
plemental Table 2 under “Supplemental data” in the online is-
sue). For no age groups did any single food from FSRs
contribute .3% of total added sugars (see Supplemental Table 3
under “Supplemental data” in the online issue). Soda consumed
from “other” sources contributed 0.74 tsp added sugars/d (3.7%
of total added sugars) for the 6–11-y age group, 1.1 tsp (4.5%)
for the 12–19-y age group, 0.99 tsp (4.7%) for the 20–50-y age
group, and 0.26 tsp (1.8%) for the .50-y age group. Grain-
based desserts were also important contributors to added sugars
in the other category (see Supplemental Table 4 under “Sup-
plemental data” in the online issue).

DISCUSSION

The current analyses provide the first detailed look at added
sugars consumption in the United States by purchase location,
age group, sociodemographic factors, and specific food sources.
It is clear that the bulk of added sugars in the American diet came
from foods and beverages purchased in stores, including su-
permarkets, grocery stores, and convenience stores. Store-bought
added sugars accounted for 65% to 75% of added sugars con-
sumed, depending on age. Store-bought packaged foods will
generally carry the Nutrition Facts Label.

The US Food and Drug Administration has proposed a redesign
of the Nutrition Facts Label for packaged foods, which will

highlight calories, portion sizes, and added sugars (26). According
to the USDA MPED documentation, added sugars include all

sugars used as ingredients in processed and prepared foods (23).

Frequently used added sugars include white sugar, brown sugar,

corn syrup, high-fructose corn syrup, molasses, maple syrup, and

honey. Information on the presence of added sugars in packaged

foods has not been available on the Nutrition Facts Label, which

requires consumers to review the list of food ingredients to de-

termine whether the food contains added sugars. Information on

the amount of added sugars in foods has not been available (27).
The current findings suggest that these proposed US Food and

Drug Administration initiatives will capture the bulk of added
sugars consumed by American children and adults, negating the
need for consumers to first review the total sugars content and
then review the ingredients list—a frequently recommended
approach (28, 29). Store-bought foods accounted for the greatest
proportion of added sugars for all population groups examined,
which suggests that the addition of added sugars to the Nutrition
Facts Label may have the intended effect. Sixty-two percent of
adults reported using the Nutrition Facts Label, and 52% re-
ported using the ingredients list (30). The addition of added
sugars information to the Nutrition Facts Label is unlikely to
provide a benefit for the 38% of adults not reviewing the label.
An additional benefit of revisions to the Nutrition Facts Label
may be the potential reformulation of foods, an expected benefit
of revisions to the label after inclusion of information on trans
fatty acids (31).

TABLE 1

Consumption of added sugars (tsp equivalents) from stores by age group and food source, NHANES 2003–20101

Food source2

Age 6–11 y

(n = 4187)

Age 12–19 y

(n = 6698)

Age 20–50 y

(n = 10,700)

Age $51 y

(n = 9450)

Intake of

added

sugars

Percentage

of total added

sugars

Intake of

added

sugars

Percentage

of total added

sugars

Intake of

added

sugars

Percentage

of total

added sugars

Intake of

added

sugars

Percentage

of total added

sugars

tsp equivalent % tsp equivalent % tsp equivalent % tsp equivalent %

Soda and energy and sports drinks 2.7 6 0.17 13 6 0.8 6.6 6 0.28 27 6 0.9 5.7 6 0.24 27 6 0.8 2.1 6 0.09 15 6 0.6

Grain-based desserts 1.8 6 0.09 8.7 6 0.4 1.7 6 0.06 7.2 6 0.3 1.7 6 0.07 8.0 6 0.4 1.7 6 0.07 12 6 0.4

Fruit drinks 1.9 6 0.10 9.6 6 0.5 1.9 6 0.10 8.1 6 0.4 1.2 6 0.06 5.8 6 0.3 0.60 6 0.05 4.3 6 0.3

Candy 1.1 6 0.09 5.7 6 0.4 1.3 6 0.06 5.4 6 0.3 0.98 6 0.05 4.6 6 0.2 0.90 6 0.06 6.4 6 0.4

Dairy desserts 0.83 6 0.06 4.1 6 0.3 0.77 6 0.07 3.2 6 0.3 0.66 6 0.04 3.1 6 0.2 0.92 6 0.04 6.6 6 0.2

Tea 0.27 6 0.04 1.4 6 0.2 0.57 6 0.09 2.4 6 0.4 0.70 6 0.07 3.3 6 0.3 0.50 6 0.05 3.6 6 0.4

Ready-to-eat cereals 1.2 6 0.06 5.8 6 0.3 1.1 6 0.05 4.8 6 0.2 0.64 6 0.03 3.0 6 0.1 0.50 6 0.02 3.6 6 0.1

Sugars/honey 0.16 6 0.02 0.8 6 0.1 0.30 6 0.04 1.2 6 0.2 0.75 6 0.03 3.5 6 0.2 0.68 6 0.03 4.8 6 0.2

Yeast breads 0.41 6 0.03 2.1 6 0.1 0.47 6 0.02 2.0 6 0.1 0.44 6 0.01 2.1 6 0.1 0.52 6 0.02 3.7 6 0.2

Syrups/toppings 0.91 6 0.11 4.5 6 0.5 0.59 6 0.07 2.4 6 0.3 0.26 6 0.02 1.2 6 0.1 0.26 6 0.02 1.8 6 0.2

Reduced-fat milk 0.34 6 0.04 1.7 6 0.2 0.24 6 0.03 1.0 6 0.1 0.19 6 0.02 0.9 6 0.1 0.15 6 0.03 1.0 6 0.2

Yogurt 0.27 6 0.04 1.4 6 0.2 0.13 6 0.01 0.5 6 0.1 0.19 6 0.02 0.9 6 0.1 0.19 6 0.02 1.4 6 0.1

Quickbreads 0.07 6 0.01 0.3 6 0.1 0.07 6 0.01 0.3 6 0 0.13 6 0.01 0.6 6 0.1 0.13 6 0.01 1.0 6 0.1

Jams and jelly 0.22 6 0.04 1.1 6 0.2 0.15 6 0.03 0.6 6 0.1 0.13 6 0.01 0.6 6 0.1 0.14 6 0.01 1.1 6 0.1

Nondairy creamer/cream substitute —3 — — — 0.15 6 0.01 0.7 6 0.1 0.16 6 0.01 1.1 6 0.1

Condiments 0.07 6 0.01 0.3 6 0.1 0.07 6 0.01 0.3 6 0.1 — — — —

Salad dressing — — — — 0.07 6 0.01 0.3 6 0.1 0.08 6 0.01 0.6 6 0.01

Alcoholic beverages — — — — 0.05 6 0.01 0.3 6 0.1 — —

Coffee — — 0.06 6 0.01 0.3 6 0.1 0.13 6 0.02 0.6 6 0.1 0.06 6 0.01 0.4 6 0.1

Pizza — — 0.05 6 0.01 0.2 6 0.1 — — — —

Other sources 0.85 6 0.06 4.2 6 0.3 0.65 6 0.03 2.7 6 0.1 0.78 6 0.03 3.7 6 0.2 0.94 6 0.03 6.7 6 0.2

Total 13.2 6 0.3 — 16.9 6 0.4 — 15.0 6 0.3 — 10.7 6 0.2 —

1All values are means 6 SEs. 1 tsp equivalent = w4.2 g table sugar (23). tsp, teaspoon.
2 Sorted by overall contribution of added sugars.
3Values ,0.05 tsp equivalents are not shown because of a lack of precision.
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In contrast, the total amount of added sugars from restaurants,
school cafeterias, and other sources was considerably lower. For
example, the amount of added sugars contributed by school meals
among the 12–19-y age group was 0.9 tsp/d, or w14.4 kcal/d.
When restricted to Monday–Friday recalls alone, the amount of
added sugars consumed was 1.3 tsp (or 20.0 kcal/d).

The current analyses of store-bought added sugars by socio-
demographic variables are novel. First, the consumption of added
sugars among adults varied inversely with incomes and was
highest in lower-income groups, consistent with prior research
(32). The consumption of store-bought added sugars among
adults was highest among lower-income groups. These data are
consistent with prior observations that diets higher in added
sugars are associated with lower per calorie diet costs (33, 34). On
the other hand, the consumption of added sugars among children/
adolescents appeared to be independent of socioeconomic status,
as measured by family income.Many factors likely contributed to
the differences in the social gradient, but an innate preference for
sweet foods/beverages among children is a potential upstream
cause (35). Second, non-Hispanic white children aged 6–19 y
consumed more added sugars than did Mexican-American
children. In contrast, non-Hispanic black adults consumed sig-
nificantly more added sugars than did non-Hispanic whites. The
relation between added sugars and income and race-ethnicity
appears to vary by age group—an observation that merits ad-
ditional inquiry.

The current analyses suggest that the proportion of added
sugars from stores may exceed the proportion of dietary energy
from stores. Previous analyses, also based on NHANES data,
have estimated store-bought calories at w63% of total daily
energy intakes (36). In contrast, the proportion of added sugars
was w71%.

It is worth noting that, whereas soda and energy and sports
drinks was clearly the largest single source of added sugars for
every age group, it was not the top source of calories in the US
diet. Added sugars from all sources accounted for w14.1% of
total dietary energy on average. Previous estimates by the NCI
have placed the energy contribution of soda and energy and
sports drinks at w5.5% of total energy (19). Previous estimates
based on 2003–2008 data have shown that the energy contri-
bution of soda and energy and sports drinks was dependent on
age, varying between 3% and 8.2% (36).

The current study had some limitations. First, it was based on
a single 24-h dietary recall, which may have resulted in under-
reporting of some foods. On average, individuals tend to un-
derreport the consumption of foods perceived to be less healthful
by underestimating amounts eaten or omitting them altogether
(37, 38). This systematic underreporting may result in a falsely
minimized estimation of added sugars consumption. The use of
proxy respondents for younger children may result in under-
reporting of foods consumed while the parent is not present. The
NHANES coding of food purchase location makes no distinction
between supermarkets/grocery stores and convenience stores or
pharmacies (20). Furthermore, evaluating the contribution of
school meals to added sugars is hindered by the lack of in-
formation on season or month of data collection. Finally, the
current analyses were based on purchase location as opposed to
eating location.

In conclusion, the current analysis provides the first detailed
look at the purchase locations for added sugars in the United

States. A large majority of added sugars consumed by Americans
of all ages came from stores, including grocery stores, super-
markets, convenience stores, and pharmacies. Given the current
focus on adding information on added sugars to the Nutrition
Facts Label, understanding the context of added sugars con-
sumption may help shape national policies aimed at improving
the American diet.

The authors’ responsibilities were as follows—AD: designed the research,

wrote the manuscript, and had primary responsibility for the content; and

CDR: analyzed the data and helped draft the manuscript. Both authors read

and approved the final manuscript. AD has received grants, honoraria, and

consulting fees from numerous food and beverage companies and other

commercial and nonprofit entities with interests in nutritive and nonnutritive

sweeteners. The University of Washington has received grants, donations,

and contracts from both the public and the private sector. CDR had no

conflicts of interest to declare.

REFERENCES
1. Ervin RB, Ogden CL. Consumption of added sugars among U.S.

adults, 2005-2010. NCHS Data Brief 2013;122:1–8.
2. Ervin RB, Kit BK, Carroll MD, Ogden CL. Consumption of added

sugar among U.S. children and adolescents, 2005-2008. NCHS Data
Brief 2012;87:1–8.

3. USDA, US Department of Health and Human Services. Dietary
guidelines for Americans, 2010. 7th ed. Washington, DC: US Gov-
ernment Printing Office, 2010.

4. Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink
consumption on nutrition and health: a systematic review and meta-
analysis. Am J Public Health 2007;97:667–75.

5. Van Horn L, Johnson RK, Flickinger BD, Vafiadis DK, Yin-Piazza S,
Added Sugars Conference Planning Group. Translation and im-
plementation of added sugars consumption recommendations: a con-
ference report from the American Heart Association Added Sugars
Conference 2010. Circulation 2010;122:2470–90.

6. Hu FB. Resolved: there is sufficient scientific evidence that decreasing
sugar-sweetened beverage consumption will reduce the prevalence of
obesity and obesity-related diseases. Obes Rev 2013;14:606–19.

7. Yang Q, Zhang Z, Gregg EW, Flanders WD, Merritt R, Hu FB. Added
sugar intake and cardiovascular diseases mortality among US adults.
JAMA Intern Med 2014;174:516–24.

8. Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, Hu FB.
Sugar-sweetened beverages and risk of metabolic syndrome and type 2
diabetes: a meta-analysis. Diabetes Care 2010;33:2477–83.

9. Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB.
Sweetened beverage consumption and risk of coronary heart disease in
women. Am J Clin Nutr 2009;89:1037–42.

10. Welsh JA, Sharma AJ, Grellinger L, Vos MB. Consumption of added
sugars is decreasing in the United States. Am J Clin Nutr 2011;94:726–34.

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

12. 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.

13. Johnson RK, Appel LJ, Brands M, Howard BV, Lefevre M, Lustig RH,
Sacks F, Steffen LM, Wylie-Rosett J, American Heart Association
Nutrition Committee of the Council on Nutrition PA, et al. Dietary
sugars intake and cardiovascular health: a scientific statement from the
American Heart Association. Circulation 2009;120:1011–20.

14. World Health Organization. Draft Guideline: Sugars intake for adults
and children. Available from: http://www.who.int/nutrition/sugars_public_
consultation/en/.

15. Gidding SS, Dennison BA, Birch LL, Daniels SR, Gillman MW,
Lichtenstein AH, Rattay KT, Steinberger J, Stettler N, Van Horn L.
Dietary recommendations for children and adolescents: a guide for
practitioners. Pediatrics 2006;117:544–59.

16. Institute of Medicine, Panel on Macronutrients, Standing Committee on
the Scientific Evaluation of Dietary Reference Intakes. Dietary reference
intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, pro-
tein, and amino acids. Washington, DC: National Academies Press, 2005.

906 DREWNOWSKI AND REHM



17. Guenther PM, Kirkpatrick SI, Reedy J, Krebs-Smith SM, Buckman
DW, Dodd KW, Casavale KO, Carroll RJ. The healthy eating index-
2010 is a valid and reliable measure of diet quality according to the
2010 Dietary Guidelines for Americans. J Nutr 2014;144:399–407.

18. Guenther PM, Casavale KO, Reedy J, Kirkpatrick SI, Hiza HA,
Kuczynski KJ, Kahle LL, Krebs-Smith SM. Update of the Healthy
Eating Index: HEI-2010. J Acad Nutr Diet 2013;113:569–80.

19. Sources of calories from added sugars among the US population,
2005–06. Applied Research Program Website. National Cancer In-
stitute. Available from: http://appliedresearch.cancer.gov/diet/food-
sources/added_sugars/. Updated October 18, 2013 (cited 2 April 2014).

20. CDC, National Center for Health Statistics. National Health and Nutrition
Examination Survey 2003-2004: documentation, codebook and frequencies,
dietary interview and individual foods (first day) Available from: http://www.
cdc.gov/nchs/data/nhanes/nhanes_03_04/dr1iff_c.pdf (cited 12 March 2014).

21. CDC, National Center for Health Statistics. NCHS Research Ethics
Review Board (ERB) approval. Available from: http://www.cdc.gov/
nchs/nhanes/irba98.htm (cited 12 March 2014).

22. Dodd KW, Guenther PM, Freedman LS, Subar AF, Kipnis V, Midthune
D, Tooze JA, Krebs-Smith SM. Statistical methods for estimating usual
intake of nutrients and foods: a review of the theory. J Am Diet Assoc
2006;106:1640–50.

23. Bowman SA, Friday JE, Moshfegh A. MyPyramid Equivalents data-
base, 2.0 for USDA Survey Foods, 2003-2004. Food Surveys Research
Group. Beltsville, MD: Beltsville Human Nutrition Research Center,
Agricultural Research Service, USDA, 2008. Available from: http://
www.ars.usda.gov/ba/bhnrc/fsrg (cited 12 March 2014).

24. USDA. Food and Nutrient Database for Dietary Studies, 3.0. Beltsville,
MD: USDA, Agricultural Research Service, Food Surveys Research
Group, 2008 Available from: http://www.ars.usda.gov/Services/docs.
htm?docid=17031 (cited 12 March 2014).

25. Surveillance, Epidemiology, and End Results Program. Standard
populations—19 age groups. Available from: http://seer.cancer.gov/
stdpopulations/stdpop.19ages.html (cited 3 March 2014).

26. US Food and Drug Administration. Proposed changes to the nutrition
facts label. Available from: http://www.fda.gov/Food/GuidanceRegulation/
GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm385663.
htm (cited 12 March 2014).

27. US Food and Drug Administration. Guidance for industry: a food la-
beling guide. Available from: http://www.fda.gov/downloads/Food/
GuidanceRegulation/UCM265446.pdf (cited 10 March 2014).

28. Harvard School of Public Health. Added sugar in the diet. Available
from: http://www.hsph.harvard.edu/nutritionsource/carbohydrates/added-
sugar-in-the-diet (cited 15 March 2014).

29. American Heart Association. Added sugars. Available from: http://www.
heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyEating/
Added-Sugars_UCM_305858_Article.jsp (cited 17 March 2014).

30. Ollberding NJ, Wolf RL, Contento I. Food label use and its relation to
dietary intake among US adults. J Am Diet Assoc 2010;110:1233–7.

31. Dietz WH, Scanlon KS. Eliminating the use of partially hydrogenated
oil in food production and preparation. JAMA 2012;308:143–4.

32. Thompson FE, McNeel TS, Dowling EC, Midthune D, Morrissette
M, Zeruto CA. Interrelationships of added sugars intake, socio-
economic status, and race/ethnicity in adults in the United States:
National Health Interview Survey, 2005. J Am Diet Assoc 2009;
109:1376–83.

33. Aggarwal A, Monsivais P, Drewnowski A. Nutrient intakes linked to
better health outcomes are associated with higher diet costs in the US.
PLoS ONE 2012;7:e37533.

34. Rehm CD, Monsivais P, Drewnowski A. The quality and monetary
value of diets consumed by adults in the United States. Am J Clin Nutr
2011;94:1333–9.

35. Ventura AK, Mennella JA. Innate and learned preferences for sweet
taste during childhood. Curr Opin Clin Nutr Metab Care 2011;14:379–
84.

36. Drewnowski A, Rehm CD. Energy intakes of US children and adults
by food purchase location and by specific food source. Nutr J 2013;
12:59.

37. Lafay L, Mennen L, Basdevant A, Charles MA, Borys JM, Eschwege
E, Romon M. Does energy intake underreporting involve all kinds of
food or only specific food items? Results from the Fleurbaix Laventie
Ville Sante (FLVS) study. Int J Obes Relat Metab Disord 2000;24:
1500–6.

38. Rasmussen LB, Matthiessen J, Biltoft-Jensen A, Tetens I. Character-
istics of misreporters of dietary intake and physical activity. Public
Health Nutr 2007;10:230–7.

ADDED SUGARS BY FOOD SOURCE IN THE UNITED STATES 907


