Consumption of added sugars is decreasing in the United States'™
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ABSTRACT

Background: The consumption of added sugars (caloric sweet-
eners) has been linked to obesity, diabetes, and heart disease. Little
is known about recent consumption trends in the United States or
how intakes compare with current guidelines.

Objective: We examined trends in intakes of added sugars in the
United States over the past decade.

Design: A cross-sectional study of US residents >2 y of age (n =
42,316) was conducted by using dietary data from NHANES 1999-
2008 (five 2-y cycles) and data for added-sugar contents from the
MyPyramid Equivalents Database. Mean intakes of added sugars
(grams and percentage of total energy intake) were weighted to
obtain national estimates over time across age, sex, and race-ethnic
groups. Linear trends were tested by using Wald’s F tests.
Results: Between 1999-2000 and 2007-2008, the absolute intake
of added sugars decreased from a mean (95% CI) of 100.1 g/d (92.8,
107.3 g/d) to 76.7 g/d (71.6, 81.9 g/d); two-thirds of this decrease,
from 37.4 g/d (32.6, 42.1 g/d) to 22.8 g/d (18.4, 27.3 g/d), resulted
from decreased soda consumption (P-linear trend <0.001 for both).
Energy drinks were the only source of added sugars to increase over
the study period (P-linear trend = 0.003), although the peak con-
sumption reached only 0.15 g/d (0.08, 0.22 g/d). The percentage of
total energy from added sugars also decreased from 18.1% (16.9%,
19.3%) to 14.6% (13.7%, 15.5%) (P-linear trend <0.001).
Conclusion: Although the consumption of added sugars in the
United States decreased between 1999-2000 and 2007-2008, pri-
marily because of a reduction in soda consumption, mean intakes
continue to exceed recommended limits. Am J Clin Nutr
2011;94:726-34.

INTRODUCTION

The contribution of added sugar (ie, caloric sweeteners added
in the processing or preparation of foods and beverages) to the US
diet has been shown to have increased through the mid-1990s.
Dietary data show that between 1977-1978 and 1994-1996, the
average daily consumption of added sugars by Americans >2 y
of age increased from 235 to 318 calories, an increase of 35%
(1). In 1994-1996, regular soft drinks were the largest contrib-
utor of added sugars and the greatest single source of calories in
the US diet (2).

Although sugars used as caloric sweeteners are chemically
indistinguishable from naturally occurring sugars, the USDA
began to use the term added sugars in 2000 to help consumers
identify foods with added energy but few additional micro-
nutrients or phytochemicals (3). The increased consumption of
added sugars has been linked to an overall decrease in diet
quality (4), an increase in body weight and obesity (5), and the
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development of cardiovascular disease and its risk factors (6, 7).
Sucrose (table sugar) and high-fructose corn syrup are the 2
forms of added sugar most commonly consumed in the United
States. Both sucrose and high-fructose corn syrup are composed
of nearly equal amounts of the simple sugars glucose and
fructose.

Small experimental studies have shown that high intake of sugars,
particularly those that contain fructose, can raise triglyceride con-
centrations and lower HDL (good cholesterol) concentrations (8). In
addition, population-based data from NHANES have shown a link
between the consumption of added sugars and cardiovascular
disease risk factors, including dyslipidemia in adults (6) and
adolescents (9) and measures of insulin resistance in overweight
adolescents (9). Similarly, prospective data from the Nurses’
Health Study have shown an association between the consum-
ption of added sugars and an increased incidence of diabetes (10)
and cardiac events (7).

Despite the substantial contribution of added sugars to the US
diet in previous decades and the demonstrated association be-
tween sugar intakes and cardiovascular disease risk and obesity,
little is known about recent trends in consumption. The last
published description of added-sugar intake used dietary data
collected in 1994-1996 (11). The purpose of this study was to
provide updated national estimates of added-sugar consumption
amounts among specific population groups and to analyze trends
in the amount and sources of added sugars consumed between
1999-2000 and 2007-2008.
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TRENDS IN ADDED-SUGAR CONSUMPTION

SUBJECTS AND METHODS

Sample

Data for our study came from the NHANES. NHANES is
a sequential series of cross-sectional surveys of the US civilian,
noninstitutionalized population designed to obtain nationally rep-
resentative estimates on diet and health indicators. A description of
the complex sampling methodology used in NHANES is available
elsewhere (12). The sample for this study consisted of individuals
>2 y of age who live in the United States and were invited and
agreed to participate in NHANES during one of the five 2-y data
collection cycles between 1999 and 2008 (n = 47,396). Individuals
who were selected to participate in NHANES but did not provide
dietary information or whose dietary information was deemed
unreliable (13) were excluded from the analysis (n = 4938) as were
individuals who consumed one or more food items for which the
added-sugar content information was not available and could not be
estimated (n = 142), which gave a final sample of n = 42,316. Study
protocols for NHANES 1999-2008 were approved by the in-
stitutional review board at the National Center for Health Statistics
(14). Signed, informed consent was obtained from all participants
or their parents or guardians.

Added sugars and other dietary intakes

One interviewer-assisted 24-h dietary recall was done in
NHANES 1999-2000 and 2001-2002, and 2 recalls were done in
subsequent cycles. For consistency with earlier cycles, we used
only the first recall to assess dietary intakes in 2003-2004, 2005—
2006, and 2007-2008. Proxy respondents were used for survey
examinees who were <6 y of age, and children aged 6-11 y
underwent assisted interviews (15). The nutrient content of
foods consumed, including intakes of total calories, carbohy-
drates, fats, and proteins, was determined by NHANES by using
the Food and Nutrient Database for Dietary Studies (16) which
uses food-composition data from the USDA National Nutrient
Database for Standard Reference (17).

Because the Standard Reference database does not maintain
information on the added-sugar content of many foods, we
merged the individual food files from NHANES with the USDA
MyPyramid Equivalents database (MPED). The MPED provides
the number of MyPyramid equivalents (standard serving sizes) of
major food categories shown on the USDA Food Guide Pyramid
(grains, meat, dairy, fruit, vegetables, and beans as well as for
added sugars and discretionary fat) that are present in 100 g of
each of the foods consumed by participants in NHANES. The
MPED version 1.0 was used for data collected from 1999 to 2004,
and version 2.0 was used for data from 2003 to 2004 (18).

Because MyPyramid serving-size equivalents are available
only for foods reported as consumed through the 2003-2004
NHANES cycle (MPED version 2.0), we used 2003—2004 data to
estimate the added-sugar content of foods consumed by partic-
ipants in the more recent NHANES surveys. With the use of
a method described in detail elsewhere (6), food codes for food
items consumed in 2005-2006 and 2007-2008 were first matched
with those in the 2003—2004 data set. Items with exact food-code
matches were assigned the 2003-2004 value of added sugars.
Independent estimates for foods items without an exact match
were imputed by 2 investigators (JAW and LG). The first step was
to use food codes and food descriptions to identify similar foods
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in the MPED 2003-2004 data set. For example, “SWEET-
POTATO, CANNED IN SYRUP, W/ FAT ADDED” was reported
in the 2005-2006 dietary recall but did not have a corresponding
MPED equivalent. The added-sugar content of this food was
assigned the same value as “SWEETPOTATO, CANNED, NS
(not specific) AS TO SYRUP.” For processed foods that had no
similar comparison food in the MPED 2003-2004 data set, the
product nutrition label information was used. For mixed foods with
missing data, recipes from frequently accessed online recipes were
used to determine whether they included added sugars.

The term added sugars, as defined for use in the MPED, in-
cludes all sugars used as ingredients in processed or prepared
foods. These sugars include sugars eaten separately or added to
foods at the table. Examples include white sugar, brown sugar,
corn syrup, corn-syrup solids, high-fructose corn syrup, malt
syrup, maple syrup, pancake syrup, fructose sweetener, liquid
fructose, honey, molasses, anhydrous dextrose, crystal dextrose,
and dextrin (19). Added sugars do not include naturally occur-
ring sugars such as lactose in milk or the fructose in fruit. In the
MPED, quantities of added sugar are expressed in terms of
teaspoons equivalents of table (granulated white) sugar (food
code 91101010) per each 100 g of a food. One teaspoon of
added sugar is defined as the quantity of sweetener that contains
the same amount of sugars provided by 1 teaspoon (4.2 g) of
table sugar. Recipe information is used to determine the quantity
of added sugars in mixed foods. A complete description of the
MPED database (20) and the methods used to calculate the sugar
content of foods can be seen elsewhere (21).

Of the 6113 food and beverage items in the 1999-2008
databases consumed by NHANES participants >2 y of age,
values for added-sugar contents of 5834 of these foods were
obtained directly from the MPED databases. With the use of the
methods previously described, we imputed added sugars values
for the remaining 279 foods (72 foods in NHANES 2005-2006
and 207 foods in 2007-2008). The added-sugar content was
estimated by using data from foods with a similar description for
165 of these foods and from food labels for 75 of these foods. Of
the remaining foods, a total of 20 foods were unprocessed meats,
grains, fruit or vegetables without breading or sauces and were,
therefore, coded as having no added sugars; for 9 foods, the
NHANES description specified that there was no sugar, and for
3 mixed foods, recipes indicated that there was no sugar added.
We were unable to use the total sugar content information to
estimate the added-sugar content for 7 foods that contained both
naturally occurring and added sugars. Consumers of these foods
(n = 142) were excluded from the data set.

To determine the total amount of added sugars consumed in
each food and beverage, we multiplied the total amount con-
sumed in grams as provided in the NHANES database by the
amount of added sugars in each of these foods (teaspoons/100 g)
as provided in the MPED database or imputed as previously
described. The results for each food consumed were summed to
obtain the daily total added-sugar intake in teaspoons and
converted to grams by multiplying by 4.2 g/teaspoon (17). This
result was multiplied by 4 kcal to obtain the total energy from
added sugars. To obtain the percentage of total energy from
added sugars, the total energy from added sugars (in kcal) was
divided by the total energy intake (in kcal/d), which was cal-
culated in NHANES as the sum of calories from all foods
consumed.



728 WELSH ET AL

Food codes from the USDA’s Food and Nutrient Database for
Dietary Studies were used to code individual foods reported by
participants in NHANES (22). These food codes were used to group
foods and beverages that contained added sugars into the following
food groups (subgroups): sweets [sodas, candies and gums, added
sugars and syrups, fruit-flavored drinks (fruitades) and sports drinks,
presweetened coffees and teas, alcohol-containing drinks, and en-
ergy drinks], grains (cakes and cookies, ready-to-eat cereals, breads
and muffins, and other grains), dairy (dairy desserts, milk, yogurt,
and other dairy), fruit and vegetables, protein sources (a combination
of meat, eggs, beans), and fats and oils. Sugar-sweetened or sugar
beverages included the combined intakes of sodas and fruitades.
Low-calorie beverages included all beverages that included the
terms diet or low-calorie in the NHANES food description. This
definition did not include drinking water.

Demographic variables

Self-reported demographic information included the participant’s
age in years (categorized as 2-5, 6-11, 12-17, 18-34, 35-54, and
>55'y), sex, education (of respondents for adults and of parents or

guardians for children), and race-ethnicity (non-Hispanic white,
non-Hispanic black, Mexican American, other Hispanic).

Data analysis

Statistical analysis software (SAS version 9.2; SAS Institute)
was used for all analyses. Procedures that accounted for the
complex sampling design used in NHANES were applied. To
ensure that results were representative of the US population,
sample weights that reflected the probability of selection, non-
response, and poststratification were used to estimate the means
(CIs). Contrast statements were specified in linear regression
models, and Wald’s F tests were used to test for linear trends in
consumption over the 5 2-y cycles of NHANES. All P values
were 2-sided. P < 0.05 was considered significant.

A sensitivity analysis was done in the subsample of re-
spondents who participated in NHANES 2007-2008. The esti-
mated mean added-sugar intake for those respondents with no
imputed values was compared with the estimated intake in
respondents who consumed at least one food item for which the
added-sugar content was imputed.

TABLE 1
Trends in intakes and sources of added sugars in US children and adults (>2 y of age), NHANES 1999-2000 to 2007-2008’
1999-2000 2001-2002 2003-2004 2005-2006 2007-2008
(n = 8070) (n =9032) (n = 8273) (n = 8501) (n = 8435)
Nutrient intake

Added sugars (% of energy)?### 18.1 = 0.6 17.1 £ 04 159 = 04 145 =02 14.6 = 04

Added sugars (g)*** 100.1 £ 34 939 £ 1.9 88.1 = 1.7 80.1 = 2.0 76.7 £ 2.4

Sugared beverages (% of energy)’~*#* 9.3 *+05 87 *+03 79 £ 04 6.6 = 0.2 6.6 = 0.4

Total energy intake (kcal)* 2145 = 22 2168 = 17 2195 = 16 2161 = 29 2069 = 24

Fat (% of energy)®** 326 =03 329 0.2 334+ 0.2 33.6 =02 334+ 02

Protein (% of energy)z‘*** 14.8 = 0.1 14.8 = 0.1 149 = 0.1 15.5 = 0.1 15.3 = 0.1

Carbohydrates (% of energy)? 52.0 £ 0.3 52.0 £ 0.3 50.6 = 0.3 498 £ 0.3 504 =03

Carbohydrates other than added sugars 33.8 = 0.6 349 £ 04 347 £ 04 35303 358 03
(% of energy)®##*

Added sugars by food source (g)

Sweets*** 67.1 = 3.0 625 + 1.8 571 =19 495 = 1.7 478 =22
Sodas, regular®** 374 + 22 334 £ 1.7 315t 14 243 £ 1.0 22.8 = 2.1
Fruitades and sports drinks*** 10.7 £ 0.5 11.1 £ 0.8 94 0.8 9.0 £ 0.5 74 =04
Sugar and syrups*** 9.5 0.7 83 *+0.2 6.7 £ 03 64 +03 6.3+ 02
Candy and gum 6.1 =04 597 £03 5403 55*05 5704
Coffee and tea 3.1 +04 3204 34 04 33203 3904
Alcohol-containing beverages 0.2 + 0.1 0.35 £ 0.1 0.64 = 0.1 0.38 £ 0.1 0.36 £ 0.1
Energy drinks*** 0.00 = 0.00 0.06 = 0.02 0.08 = 0.04 0.12 = 0.04 0.15 = 0.03

Grains* 19.5 = 0.9 18.8 = 04 19.0 = 0.6 18.6 = 0.5 17.0 = 0.5
Cakes and cookies** 11.3 £ 0.7 104 = 04 11.0 = 05 10.7 = 04 94 *+04
RTE cereals** 39 x£02 39 02 3402 32 £0.1 3.0 = 0.1
Breads and muffins®** 2.8 £0.1 3202 32+ 0.1 32 *+0.1 31 %01
Other grains*** 1.6 = 0.1 1.3 0.1 1.5 0.1 1.6 = 0.1 1.5+ 0.1

Dairy products* 84 *+03 9.0 03 8.0 0.3 83 04 79 =02
Dairy desserts* 49 *0.3 44 02 4.0 0.2 45 +02 38 02
Sweetened milk 1.8 0.2 21 %01 22 *=0.1 1.9 =02 1.9 =02
Yogurt 0.78 = 0.13 1.3 = 0.06 0.88 = 0.08 1.1 = 0.07 1.1 = 0.07
Other dairy 0.98 = 0.77 1.2 = 0.1 0.95 = 0.06 0.95 = 0.06 0.88 = 0.08

Fruit and vegetables®** 24 + 0.1 1.8 = 0.1 1.9 =02 1.7 = 0.1 1.7 £ 0.1

Protein sources 1.8 £ 0.1 1.4 £0.1 1.8 £0.1 1.7 £ 0.1 1.8 £ 0.1

Oils** 0.85 = 0.07 0.57 £ 0.05 0.56 + 0.05 0.52 = 0.06 0.60 = 0.05

" All values are means = SEs. RTE, ready to eat. One gram of added sugars = 4 calories; 1 teaspoon = 4.2 g. *******Tests for linear trend over the five
2-y cycles between 1999-2000 and 2007-2008 were performed by using Wald’s F tests: *P < 0.05, **P < 0.01, ***P < 0.001.

2 Percentage of total calorie intake.
3 Sodas + fruitades and sports drinks.
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RESULTS

The absolute intake of added sugars (g) in US residents >2 y
of age decreased from 100.1 g (95% CI: 92.8, 107.3 g) (401
keal) in 1999-2000 to 76.7 g (95% CI: 71.6, 81.9 g) (307 kcal)
in 2007-2008, which was a decline of 24% (P-trend < 0.001;
Table 1). The intake was significantly higher in male subjects
than in female subjects in all age groups (P-trend < 0.009 for
all), but there were no significant differences by sex when the
consumption amount was adjusted for the total energy intake
(data not shown). The intake of added sugars as a percentage of
total energy in all participants also decreased significantly from
18.1% (16.9%, 19.3%) to 14.6% (13.7%, 15.5%) (P-trend <
0.001) over the same period.

Two-thirds of the decrease in the added-sugar intake resulted
from a daily reduction of sugars consumed in soda from 37.4 g (32.6,
42.1 g) to 22.8 g (18.4, 27.3 g) (P-linear trend < 0.001; Table 1).
Energy drinks were the only source of added sugars to increase
over the study period (P-linear trend <0.001), although the peak
consumption was minimal [0.15 g/g (0.08, 0.22 g/g) in 2007-2008;

TABLE 2
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the mean consumption was highest in young adults (aged 18-34 y)
at 0.40 g (0.15, 0.65 g)].

In parallel with the decreasing trend in added-sugar intakes, the
total energy intake decreased from 2145 kcal/d (2098, 2192 kcal/d)
to 2069 kcal/d (2018, 2121 kcal/d) (a decrease of 76 kcal/d), which
was a decline of 4% (P-trend = 0.004), total carbohydrates de-
creased from 52.0% (51.3%, 52.6%) to 50.4% (49.8%, 52.1%) of
the total energy intake (P-trend < 0.001), and percentages of total
energy intake from fats, proteins, and other carbohydrates (ex-
cluding added sugars) each increased slightly (P-trend = 0.003, <
0.001, and < 0.001, respectively) (Table 1). Low-calorie beverage
consumption also increased from 116 g (96, 136 g) to 140 g (125,
155 g) (P-trend = 0.006; data not shown).

The decreasing trend in added-sugar consumption over the
study period was observed across all age, race-ethnicity, and
income groups. The percentage of total calories from added
sugars declined from 22.3% (20.5%, 24.1%) to 17.3% (15.9%,
18.7%) (a decrease of 22%; P-trend < 0.001) in adolescents
(aged 12-17 y) (Table 2, Figure 1) and from 21.4% (19.3, 23.5)

Food sources of added sugar in the diets of US children and adolescents (2-17 y of age), 1999-2000 to 2007-2008’

2-5y of age 611y of age 12-17 y of age
1999-2000 2007-2008 1999-2000 2007-2008 1999-2000 2007-2008
(n = 665) (n = 823) (n =961) (n =1107) (n = 1708) (n = 869)
Nutrient

Added sugars (% of energy)’ 17.0 = 0.9 13.4 + .3%** 20.6 = 0.9 17.0 = 0.4%** 223 0.8 17.3 &= 0.7%**

Added sugars (g) 684 £ 4.8 51.6 = 1.2%%* 106 * 6.6 83.6 = 2.5%% 124 = 4.8 89.9 + 3. 5%

Sugared beverages (% of energy)® 6.3 = 0.6 4.0 x 0.3%** 9.3 * 0.6 6.2 &= (.3%%* 129 = 0.8 9.1 &= (.7#%*

Total energy intake (kcal) 1597 * 36 1525 + 25% 2033 = 61 1914 * 31 2223 * 52 2091 =+ 44%%*

Fat (% of energy)’ 314 £ 05 324 05 332 04 329 £ 0.5 324 =04 325+ 04

Protein (% of e:nergy)2 134 0.2 14.1 = 0.1* 13.1 £ 0.2 13.7 £ 0.2 13.7 £ 0.2 14.6 = 0.3%*

Total carbohydrates (% of energy)’ 56.9 = 0.5 55.0 £ 0.5 55.1 £ 04 54.6 = 0.5* 549 £ 05 53.8 £ 0.5*

Carbohydrates other than added sugars 399 = 1.1 41.5 £ 0.4* 345 £ 0.8 37.7 = 0.5%%* 32.7 = 0.7 36.5 = (.5%%*
(% of energy)?

Added sugars by food source (g)

Sweets 39.7 £ 4.0 24.0 = 1.2%%* 67.1 =59 48.6 £ 1.9%wk 86.8 = 3.8 59.6 * 3.6%**
Sodas, regular 9512 5.7 = 0.8%* 283 £ 1.8 17.8 £ 1.7%%* 51.7 =32 30.0 ® 3.2%%*
Fruitades and sports drinks 148 £ 1.7 8.5 £ 0.6%** 158 £ 1.8 11.2 = 0.8%** 152+ 14 10.7 £ 0.9%*
Sugars and syrups 85*13 4.5 * 0.4%* 115 £ 22 9.3 +*0.14 82 * 1.1 5.8 = 0.7*
Candy and gum 63 *+ 1.0 45+ 04 9.7 £ 20 7.8 +0.7 88 = 1.1 7.6 = 0.8
Coffee and tea 0.57 = 0.2 0.74 = 0.2 1.7+ 1.0 1.8 =05 27 %+ 0.6 35+08
Alcohol-containing drinks 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.01 £ 0.01
Energy drinks 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.10 = 0.10

Grains 163 = 1.0 14.0 = 0.7* 226 = 1.5 195 1.2 240 = 1.8 18.9 = 1.0*
Cakes and cookies 79 = 0.7 6.8 =04 92+ 0.8 9.7 *+038 128 = 1.2 9.2 = 0.9*%
RTE cereals 50=x05 3.6 = 0.3* 7.8 = 0.8 5.0 = 0.4%* 6.7 = 0.6 5.1 £ 0.3*
Breads and muffins 1.7 £ 0.2 1.6 =02 3.6 =08 3203 29 +02 24 +02
Other grains 1.8 = 0.2 1.9 = 0.2 2.0+ 03 1.6 = 0.2 1.7 £ 0.2 2.2 = 0.3*

Dairy products 83+ 1.0 10.8 = 0.7 11.1 =13 12.1 £ 04 87 £0.7 77 % 1.1
Dairy desserts 27 %03 27 03 6.4 £ 1.1 52 *0.6 4.6 = 0.6 44 =10
Sweetened milk 3309 52*07 39 £ 0.6 5.6 =05 3306 25*05
Yogurt 1.2 03 2.0 =03 0.6 = 0.21 1.0 = 0.17 0.2 £ 0.09 0.5 = 0.12
Other dairy 37 %05 0.9 = 0.19%** 0.2 = 0.07 0.3 = 0.07 0.6 = 0.31 0.3 = 0.09

Fruit and vegetables 27 04 2.0 £ Q.4%** 34 £05 3.1 £ 0.3%* 25 *05 1.8 £ 0.2
Meats, beans, and eggs 1.1 = 0.1 0.8 = 0.11 1.2 = 0.1 1.3 = 0.1 14 = 0.1 1.7 = 0.1
Oils 0.16 = 0.02 0.15 = 0.08 0.38 = 0.06 0.22 = 0.03* 0.48 = 0.07 0.28 = 0.04*

" All values are means = SEs. RTE, ready to eat. One gram of added sugars = 4 calories; 1 teaspoon = 4.2 g. *******Tests for linear trend over the five
2-y cycles between 1999-2000 and 2007-2008 were performed by using Wald’s F tests: *P < 0.05, **P < 0.01, ***P < 0.001.

2 Percentage of total calorie intake.

3 Sodas + fruitades and sports drinks.
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to 16.3% (15.0, 17.5) (a decrease of 16%; P-trend < 0.001)
(Table 3) in young adults (aged 18-34 y), which were the
highest-consuming age groups. Similar decreases in consump-
tion were observed in children of other ages from 17.0% (15.1%,
18.9%) to 13.4% (12.8%, 14.1%) in children 2-5 y of age and
20.6% (18.%, 22.5%) to 17.0% (16.1%, 17.8%) in children 6—
11 y of age (Table 2).

The percentage of total calories from added sugars decreased
from 20.5% (19.2%, 21.7%) to 16.1% (15.6%, 16.5%) (a de-
crease of 21%; P-trend < 0.001) in non-Hispanic blacks, who
were the highest-consuming race-ethnic group. The decline was
similar in non-Hispanic whites (20%; P-trend = 0.003) and
Mexican Americans ( 20%; P-trend = 0.005). In other Hispanics,
who were the lowest-consuming group, intake decreased from
15.9% (13.2%, 18.6%) to 13.4% (12.2%, 14.6%) (a decrease of
16%; P-trend = 0.001) (Figure 2).

Subjects in the lowest quartile of income were the highest
consumers of total added sugars, and subjects in the highest
income quartile were the lowest consumers of total added sugars.
Consumption in both income groups decreased by 15-16% over
the study period from 20.1% (18.4%, 21.7%) to 16.8% (14.9%,
18.7%) in quartile 1 (lowest income group) and from 16.2%
(14.9%, 17.5%) to 13.7% (12.7%, 14.7%) in quartile 4 (highest
income group) (Figure 3). Intakes in the middle income groups
decreased 22-23% (P-trend < 0.001 for all income groups).

Among all ages combined, sodas were the largest single
contributor of added sugars throughout the years studied from
37.4% in 1999-2000 to 22.8% in 2007-2008 followed by cakes
and cookies, fruitades and sports drinks, sugar and syrups, and
candies and gum (Table 1). Sodas, together with these items,
contributed 67% of added sugars consumed in 2007-2008. Sodas
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were the leading contributor of added sugars for all age groups
except for the youngest children (aged 2-5 y) (Table 2) and oldest
adults (aged >55 y) (Table 3). Fruitades and sports drinks were
the leading sources of added sugars for children aged 2-5 y
(Table 2), despite a 43% reduction in sugars from these bev-
erages between 1999-2000 and 2007-2008 (P-trend < 0.001).

In 2007-2008, the largest proportion of added sugars (ie,
41.4%) were consumed as part of a either lunch or dinner; 34.9%
of added sugars were consumed as part of a snack, 31% of added
sugars s were consumed as part of breakfast, and 2.4% of added
sugars in food and beverage items were consumed over an ex-
tended period throughout the day. The majority of added sugars
were consumed at home (ie, 64%; data not shown).

When the mean added-sugar intake for the subsample of
respondents in 2007-2008 whose diets contained no foods with
imputed added-sugar content was compared with the intake in
respondent who consumed at least one food with imputed added
sugar data, there was no significant difference. The total added
sugar consumption in the former group was 14.6% of the daily
energy intake and 13.9% in the latter group (P = 0.67; data not
shown).

DISCUSSION

The results of our analyses show that the consumption of added
sugars in the United States decreased significantly between 1999—
2000 and 2007-2008. In place of added sugars, the percentage of
total calories from protein, fat, and other carbohydrates have risen
slightly. Although the total calorie intake remained stable over
the first years of the study, it decreased in 2007-2008; therefore,
to facilitate comparisons between years, results for added-sugar
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FIGURE 1. Mean (*SE) trends in the proportion of total energy intake consumed as added sugars and as sugar-sweetened beverages (SSBs) in US children
and young adults by age group, NHANES 1999-2000 to 2007-2008. Results of linear trends by using Wald’s F tests were P < 0.0001 for total added-sugar
and SSB intakes for all subjects aged <35 y. In subjects aged 35-54 y, P-trend = 0.0005 for total added-sugar intake and P-trend = 0.001 for SSB intake; in
subjects aged >55 y, P-trend = 0.002 for total added-sugar intake and P-trend = 0.01 for SSB intake.
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TABLE 3
Food sources of added sugar in the diets of US adults (>18 y of age), 19992000 to 2007-2008’
18-34 y of age 35-54 y of age >55y of age
1999-2000 2007-2008 1999-2000 2007-2008 1999-2000 2007-2008
(n = 1635) (n =1518) (n = 1343) (n =1832) (n = 1758) (n = 2286)
Nutrient

Added sugars (% of energy)? 214 =09 163 £ 0.6%* 167 =09 143 = 0.6* 133 =03 11.8 £ 0.2%*

Added sugars (g) 132 £6.1 923 =4.1% 931 *x51 80.7 £ 3.5% 65.1 = 1.8 54.8 £ [.4%%*

Sugared beverages (% of energy)®’ 13809 95=07#* 80=06 67 *0.6%% 47 *03 34 x 02%*

Total energy intake (kcal) 2455 £ 47 2268 & 39%Fk 2198 + 42 2251 * 36 1856 £ 26 1813 = 39

Fat (% of energy)’ 316 £ 04 321 £04 33406 341=*03 328 £ 05 343 £ 0.3*

Protein (% of energy)’ 144 *+03 153 £03** 156 £02 157 = 0.1 159 £ 0.1 16.0 £0.2

Carbohydrates (% of energy)’ 526 =05 50.8 £0.5% 494 = 0.7 482 * 0.5% 50.6 £ 04 49.1 £ 04*

Carbohydrates other than added sugars (% of 312 £ 0.6 34.6 £ 0.6*% 32709 339 % 0.5% 37306 373 *04
energy)’

Added sugars by food source (g)

Sweets 99.8 = 54. 654 £ 4.0%* 593 =43 517 *34 359 £ 1.3 26.1 £ 1.1%#*
Sodas, regular 659 =50 365 £ 4100 31228 252 2.5 157 £ 1.1 9.4 = 0.8%**
Fruitades and sports drinks 133 £ 14 9.2 = (0.8%* 8.6 = 1.0 6.7 = 0.8 5.0 £ 0.6 35+03
Sugars and syrups 10.0 = 1.2 6.1 = 0.5%* 105 £ 1.5 6.9 = 0.4* 73 05 5.4 *+ 0.3%*
Candy and gum 57 *08 5.1 0.7 5.0 = 0.6 64 + 0.8 53 *0.6 45 % 0.5
Coffee and tea 45*0.8 5.6 =09 3506 463 *0.6 24 *+05 29+ 05
Alcohol-containing drinks 036 £ 02 0.62 *=0.1 027 £0.1 044 = 0.11 034 00 0.12 £ 0.1*
Energy drinks 0.00 = 0.00 0.40 = 0.12** 0.00 = 0.00 0.07 = 0.03*  0.00 = 0.00 0.09 = 0.08

Grains 19.7 = 1.7 153 = 0.7* 200 =12 174 0.9 16.1 09 174 £0.5
Cakes and cookies 114+ 14 79 £ 04**  130x1.1 103 =038 10.0 £ 0.8 10.6 £ 0.6
RTE cereals 37 %06 2.8 £ 0.3%* 28 =03 2302 22+ 0.1 24 +02
Breads and muffins 2.8 0.2 3.1 =02 2.8 = 0.1 34+03 2.7 +0.2 3.1 = 0.1*%
Other grains 1.7 £02 1.5 = 0.2% 1.4 =02 1.3 £0.1* 1.3 £0.1 1.3 = 0.1

Dairy products 75 *05 6.6 x 0.4 8.7 *0.5 7.8 04 8.0 *04 73 +03
Dairy desserts 3.1 x02 31 +£03 48 04 3.8 £ 0.2%* 56 05 43 = 0.3*%
Sweetened milk 20+ 04 1.3+ 0.7 1.0 = 0.2 1403 0.6 = 0.1 1.0 £ 0.2
Yogurt 0.62 £0.15 1.2 £03* 1.3 +03 1.0 £ 0.3 0.5 = 0.1 1.0 = 0.2%
Other dairy 42+ 04 1.0 = 0.2* 1.6 £ 0.3 1.5 = 0.1 1.2 02 1.0 = 0.1

Fruit and vegetables 23 *+0.1 1.8 = 0.2* 20=*02 2.6 = 0.3%* 2402 1.8 = 0.1%*
Meats, beans, and eggs 21*+02 23+ 0.1 21*+03 1.8 = 0.1 1.8 0.2 1.8 =02
Oils 1.1 £02 086 £0.15 1.1 £0.11 0.73 £0.10 0.88 = 0.11 0.52 £ 0.04**

" All values are means = SEs. RTE, ready to eat. One gram of added sugars = 4 calories; 1 teaspoon = 4.2 g. **####*Tests for linear trend over the five
2-y cycles between 1999-2000 and 2007-2008 were performed by using Wald’s F tests: *P < 0.05, **P < 0.01, ***P < 0.001.

2 Percentage of total calorie intake.
7 Sodas + fruitades and sports drinks.

intakes are presented relative to total energy intakes. Our find-
ings, combined with those obtained by Popkin and Nielsen (1)
who used earlier dietary data, showed that national consumption
rates increased from 59.0 g (13.1% of total energy) in 1977-1978
(1)t079.5 g (16.0% of total energy) in 1994-1996 (1) and 100.1 g
(18.1% of total energy) in 1999-2000. After 1999-2000, rates
progressively decreased to a low of 76.7 g (14.6% of total energy)
in 2007-2008. These data demonstrated that the consumption of
added sugars peaked in the early part of the decade and declined
steadily in all age, sex, and income groups since then.

Our findings are supported by estimates from loss-adjusted
food disappearance data, which, although known to overestimate
intakes, are useful measures of trends. Disappearance-data
estimates show that intake of caloric sweeteners increased from
108 gin 1995 to a peak of 115 g in 2000. Between 2000 and 2003,
intake of caloric sweeteners, as measured by disappearance data,
decreased by 6.3% (23). This intake compares with a decrease of
10.6% in the dietary intake of caloric sweeteners between 1999—
2000 and 2003-2004 as measured in our study.

Although overall consumption of added sugars has decreased,
the relative contribution of the various sources of added sugars in
the US diet did not change between 1999-2000 and 2007-2008.
Similar to Guthrie and Morton (11), who examined sources of
added sugars by using data from 1994 to 1996, we observed that
regular soft drinks were the largest source of added sugars,
followed by candies and sugars, cakes and cookies, fruitades and
sports drinks, and dairy desserts.

The US Dietary Guidelines provide evidence-based dietary
recommendations to promote health and prevent disease. In the
2000 Dietary Guidelines, which were released at the beginning of
this study period, Americans were advised to “choose beverages
and foods to moderate intake of sugars,” but no specific upper
limit for the consumption of added sugars was given (24). The
2005 Dietary Guidelines advised that discretionary calories,
including those from added sugars, additional fats, and alcohol,
that were not needed to meet dietary requirements should be
limited, although no specific limit was given (25). The recently
released 2010 Dietary Guidelines do provide a specific limit for
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FIGURE 2. Mean (*SE) trends in the proportion of total energy intake consumed as added sugars and as sugar-sweetened beverages (SSBs) by race-ethnic
group, NHANES 1999-2000 to 2007-2008. The results of linear testing by using Wald’s F tests were P < 0.0001 for total added sugar in all races and ethnicities.
P-trend for SSB intake was <<0.0001 for non-Hispanic blacks and other Hispanics, 0.0006 for Mexican Americans, and 0.0002 for non-Hispanic whites.

discretionary calories, recommending that total intake be limited
to 5-15% of total energy intake depending on energy needs (26).
The results of our study highlight the fact that, despite the steady
decrease over the past decade, the intake of added sugars by many
Americans has exceeded and continues to exceed dietary
recommendations.

Although the driving force behind the reversal in the trends in
added-sugar consumption is unknown, it is undoubtedly multi-
factorial. The popularity of low-carbohydrate diets in the late
1990s and early 2000s, which discouraged the consumption of
soft drinks and other sources of refined carbohydrates, may have
had an influence on trends in added-sugar intakes observed in our
study. In addition, this period was marked by an increasing public
interest and concern regarding the rising obesity prevalence in the
United States and its associated health risks, which were high-
lighted by the release of the Surgeon General’s report on obesity
in 2001 (27). Surveillance data show that the rise in the preva-
lence of obesity among children began to plateau in 1999-2000
(28), which is the same time that our data show the beginning of
a decline in the consumption of added sugars. Although the
timing of these changes support the findings of previous studies
that suggest that there may be a causal role between high amounts
of added-sugar intake and obesity (5), our use of cross-sectional
data precluded the determination of any conditions that may have
resulted from this consumption. The observed association be-
tween trends in added-sugar intakes and obesity prevalence
may simply be a reflection of other related factors occurring
simultaneously.

Clearly, the decrease in added sugars has been driven by a re-
duction in soda consumption. Although national efforts to promote
a reduction in soft drinks were limited until the mid-2000s (29),

efforts such as those of the Center for Science in the Public Interest
to raise awareness of the increasing trends in sugar-sweetened
beverage consumption and the associated health effects in the late
1990s (30) may have helped to stimulate state and local efforts to
promote a reduction in consumption. In 2001, California was the
first state to adopt legislation regulating access to sugar-sweetened
beverages in public schools (31). Subsequently, a 2005 review
identified a total of 34 states with legislation or regulations of some
form restricting this access (32). In 2006, the Clinton Foundation
and the American Heart Association obtained agreements from the
American Beverage Association and several bottlers to work to
reduce the amount of sugar-sweetened beverages sold in schools
(29). An independent report published by the American Beverage
Association in 2010 indicated that, between 2004—2005 and 2009—
2010, the number of beverage calories delivered to schools de-
creased by 88% (33).

Our study had several important strengths. These strengths
included the use of a large, national sample from which we were
able to estimate intakes for US children, adolescents, and adults.
The availability of dietary data obtained by using the same or
similar methods spanning 10 y made valid comparisons and the
testing of trends possible. Information on the full day’s diet, in
addition to data on intakes of sources of added sugars, allowed us
to estimate of intakes of total energy, total carbohydrates, and
other nutrients that helped us identify changes in the diet that
occurred in parallel with those in added-sugar intakes.

Our study was also subject to some limitations. The quantity of
added sugars in foods in the MPED database was calculated
rather than measured, which could have resulted in under- or
overestimations of intakes. In addition, although nutrient values
for many foods were revised on the basis of improvements in the
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FIGURE 3. Mean (*=SE) trends in the proportion of total energy intake consumed as added sugars and as sugar-sweetened beverages (SSBs) by income
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groups. P-trend for SSB intake was <<0.0001 for all but the lowest income group for whom the P-trends for total added sugar and SSB intake were 0.0009 and

0.02, respectively.

sampling and analysis of foods (34) between 1999-2000 and
2001-2002, the effect of the revised values on estimates of added-
sugar intakes is unknown. Previous research suggests that the
consumption of foods that contain caloric sweeteners may be
underreported by people who are obese (35). If the likelihood
of this underreporting has increased with time as the public
awareness of possible health effects associated with high sugar
consumption has increased, this could have resulted in a greater
underestimate of total added-sugar intake in the latter years of our
study. Because overweight and obese individuals have also been
shown to underreport total energy intakes, presenting results as
a proportion of total energy intake could be expected to minimize
the effect of any underreporting of added-sugar intakes (36).
Also, although data from a single 24-h dietary recall may not
represent the usual diet of individuals, the data can be useful to
assess group means as was done in the current study.

In conclusion, since 1999-2000, the consumption of added
sugars has decreased but continues to exceed, among all age
groups, the limits advised in the US Dietary Guidelines. The
biggest decrease was in the consumption of sodas, which may
reflect some success of early public health efforts to limit sugar-
sweetened beverage consumption. The reduced but continued
high consumption of added sugars by all ages highlights the need
to identify and build on successful public health strategies to
promote further reductions in the consumption of added sugars.
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