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What’s Known on This Subject

Consumption of sugar-sweetened beverages and 100% fruit juices has been linked to
excess weight gain in US children and adults.

What This Study Adds

Our study provides a timely update on the pattern of beverage consumption (caloric
contribution, amount, consumption location, source, and type of beverages) among US
children and adolescents.

ABSTRACT

OBJECTIVE.We sought to document increases in caloric contributions from sugar-
sweetened beverages and 100% fruit juice among US youth during 1988–2004.

PATIENTS AND METHODS.We analyzed 24-hour dietary recalls from children and adolescents
(aged 2–19) in 2 nationally representative population surveys: National Health and
Nutrition Examination Survey III (1988–1994, N � 9882) and National Health and
Nutrition Examination Survey 1999–2004 (N � 10 962). We estimated trends in caloric
contribution, type, and location of sugar-sweetened beverages and 100% fruit juice
consumed.

RESULTS. Per-capita daily caloric contribution from sugar-sweetened beverages and
100% fruit juice increased from 242 kcal/day (1 kcal � 4.2 kJ) in 1988–1994 to 270
kcal/day in 1999–2004; sugar-sweetened beverage intake increased from 204 to 224
kcal/day and 100% fruit juice increased from 38 to 48 kcal/day. The largest increases
occurred among children aged 6 to 11 years (�20% increase). There was no change
in per-capita consumption among white adolescents but significant increases among
black and Mexican American youths. On average, respondents aged 2 to 5, 6 to 11,
and 12 to 19 years who had sugar-sweetened beverages on the surveyed day in
1999–2004 consumed 176, 229, and 356 kcal/day, respectively. Soda contributed
�67% of all sugar-sweetened beverage calories among the adolescents, whereas fruit
drinks provided more than half of the sugar-sweetened beverage calories consumed
by preschool-aged children. Fruit juice drinkers consumed, on average, 148 (ages
2–5), 136 (ages 6–11), and 184 (ages 12–19) kcal/day. On a typical weekday, 55%
to 70% of all sugar-sweetened beverage calories were consumed in the home
environment, and 7% to 15% occurred in schools.

CONCLUSIONS.Children and adolescents today derive 10% to 15% of total calories from
sugar-sweetened beverages and 100% fruit juice. Our analysis indicates increasing consumption in all ages. Schools are
a limited source for sugar-sweetened beverages, suggesting that initiatives to restrict sugar-sweetened beverage sales in
schools may have an only marginal impact on overall consumption. Pediatricians’ awareness of these trends is critical for
helping children and parents target suboptimal dietary patterns that may contribute to excess calories and obesity.
Pediatrics 2008;121:e1604–e1614

THE OBESITY EPIDEMIC among children and youth continues to grow in the United States,1 heightening the need
to identify modifiable drivers of energy imbalance. Although promoting more active lifestyles remains crucial,

improving food and beverage choices is of top priority. Consumption of sugar-sweetened beverages (SSBs), including
soda, sports drinks, energy drinks, lemonade, and other fruit drinks, has been linked to excess weight gain in children
and adults.2–5 Although widely marketed as healthy,6 100% fruit juices (FJs) contain similar caloric content as SSBs,
contain limited nutrients, and have been associated with increased risks of weight gain.7,8 Mounting evidence
strongly supports the role of limiting intake of these sweet beverages in promoting energy balance, mainly because
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liquid carbohydrates from sweet, energy-dense bever-
ages seem to be poorly compensated by reduction of
dietary intake elsewhere.9–11

In 1996–1997, �85% of all children drank SSBs on any
given day, and the average serving size had increased by
46% since 1977.12,13 From 1977–1978 to 1999–2001, the
percentage of total energy intake from SSBs among chil-
dren and adolescents aged 2 to 18 years more than dou-
bled, from 4.8% to 10.3%.12 National data consistently
document that adolescents and older children consume
more SSBs than younger children.14 A number of regional
studies have indicated that average consumption levels
might be higher among children from lower-income
households15 or children from Native American,16,17 rural
white,17 or Latino families.18 Paralleling the rise in SSB
consumption has been a decline in milk consumption.12

In 2005, the American Heart Association19 and the US
Department of Agriculture20 published dietary guidelines
for children and adolescents and reiterated their recom-
mendation that “sweetened beverages and naturally
sweet beverages, such as fruit juice, should be limited to
4 to 6 oz per day for children 1 to 6 years old, and to 8
to 12 oz per day for children 7 to 18 years old.” The
American Academy of Pediatrics has also stated that the
pediatric population commonly overconsumes FJ, which
“offer no nutrition advantage over whole fruit for chil-
dren over 6 months of age.”19,21

More recently, legislative and regulatory actions target-
ing beverages consumed in schools have taken center
stage.22 A recent landmark agreement between major US
beverage manufacturers, the American Heart Association,
and the Clinton Foundation that established voluntary
guidelines for beverages sold in schools is an indication that
manufacturers may begin restricting availability of sodas,
limiting serving sizes, capping sugar and caloric density,
and only offering low-fat/fat-free milk in schools. Such
initiatives have been embraced by parents and health pro-
fessionals and are representative of the growing support for
environmental and policy initiatives aimed at improving
dietary choices among children and youth.

In this study we aimed to provide a timely update on the
current pattern of beverage consumption among US youth.
We first characterize national trends from 1988 to 2004 on
the amount, consumption location, source, and type of
beverages consumed by preschool-aged children (aged 2–5
years), older children (aged 6–11 years), and adolescents
(aged 12–19 years). We specifically focus on calories from
SSBs and FJs to identify opportunities for removing sources
of excess calories (the “energy gap”)23 that contribute to
excess weight gain among US children. We also examine
the extent to which these national trends differ according
to age, gender, race/ethnicity, income, and overweight sta-
tus.

METHODS

Subjects
We included children and adolescents from 2 nationally
representative population studies: National Health and
Nutrition Examination Survey III (NHANES III, 1988–
1994) and the NHANES 1999–2004. The NHANES is an

ongoing series of nationwide surveys and clinical exam-
inations conducted by the National Center for Health
Statistics. The surveys use a multistage, clustered, prob-
ability sampling strategy to select households and indi-
viduals to provide national estimates representative of
the civilian noninstitutionalized US population. Begin-
ning in 1999, the NHANES began collecting data every
year. This analysis is based on the first 6 years of con-
tinuous NHANES data collection (1999–2004) and the
NHANES III (1988–1994). A complete description of
data-collection procedures and analytic guidelines are
on the National Center for Health Statistics Web site
(www.cdc.gov/nchs/nhanes.htm).

We included children and adolescents with completed
24-hour dietary recalls from the 2 cross-sectional sur-
veys. Respondents with incomplete or unreliable dietary
recall status (coded by the NHANES staff) or those who
were being breastfed or pregnant at the time of the
survey were excluded from our analysis. Sample size for
the “other race” category was small; therefore, our trend
analyses were only conducted for non-Hispanic white,
non-Hispanic black (hereafter referred to as “white” and
“black”), and Mexican American youth. Three age cate-
gories were defined to approximately characterize their
pattern of time spent between home and school envi-
ronments: preschool-aged children (aged 2–5 years), pri-
mary school–aged or older children (aged 6–11 years),
and adolescents (aged 12–19 years).

Beverage-Consumption Data
Information on beverage consumption was based on
standardized 24-hour dietary recalls in the NHANES.
Survey respondents reported all food and beverages con-
sumed in a previous 24-hour period (midnight to mid-
night). Respondents reported type, quantity, time, and
location of each food- and beverage-consumption occa-
sion. Proxy respondents were used for survey examinees
who were �6 years of age, and children aged 6 to 11
years underwent assisted interviews. In the NHANES
1999–2004, a computer-assisted system was used to au-
tomate the data-collection process. However, the 2 sur-
veys collected dietary information with similar, stan-
dardized protocols and coding schemes. After the
completion of interviews, all reported food and beverage
items were systemically coded by using the US Depart-
ment of Agriculture Food and Nutrient Database. Caloric
content and other nutrients derived from each con-
sumed food or beverage item were calculated on the
basis of the quantity of food and beverages reported and
corresponding nutrient contents.

From 485 nonalcoholic beverage items reported by
NHANES III respondents and 453 items by NHANES
1999–2004 respondents, we identified 6 mutually ex-
clusive, nonalcoholic beverage categories: SSBs (includ-
ing soda, sport drinks, fruit drinks and punches, low-
calorie drinks, sweetened tea, and other sweetened
beverages), diet beverages, milk (including flavored
milk), FJs (including all unsweetened FJs [eg, apple and
orange juices), and (unsweetened) coffee/tea. Reported
alcohol consumption was negligible in the study popu-
lation and was not included in the analysis. The identi-
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fication and categorization of beverage items followed
recently proposed guidelines.24 We used kilocalories (1
kcal � 4.2 kJ) and fluid ounces (1 oz � 28.35 g) as 2
primary measures for evaluating consumption patterns
in an effort to make direct linkages to dietary guidelines
and to inform preventive strategies for energy imbal-
ance. Information on location (where the beverage was
consumed) was only available in 1999–2000, whereas
source (where purchased) was only available in the
2003–2004 surveys.

Assessment of Weight Status and Income
In both surveys, weight and height were objectively
measured by using standard procedures in the mobile
examination center. Overweight was defined as having a
BMI (weight in kilograms divided by height in meters
squared) that is greater than or equal to the age- and
gender-specific 95th percentile on the Centers for Dis-
ease Control and Prevention (CDC) growth charts. Based
on self-reported or proxy-reported annual family in-
come, (household income levels) dichotomized to
“higher income” or “lower income” by using the 130%
poverty level, which defines eligibility for food-stamp
programs.

Statistical Analysis
All statistical procedures were conducted by using SAS
9.1 (SAS Institute, Inc, Cary, NC) and SUDAAN 9.0.1
(RTI, Research Triangle Park, NC) software. All statistics
were weighted to adjust for unequal probabilities of
sampling. Variance estimates from the NHANES analyses
were adjusted for the complex sample structure includ-
ing stratification and clustering by using the robust vari-
ance estimation method.25 Multivariate regressions were
used to adjust for differences in population composition
across the 2 survey periods including race/ethnicity,
gender, income, age, and weekday versus weekend diet
recall.

RESULTS
We included 9882 children and adolescents (aged 2–19
years) from the NHANES III and 10 962 from the
NHANES 1999–2004. Table 1 summarizes the character-
istics of the 2 NHANES samples and the population
distributions after weighting. The weighted estimates
show comparable race/ethnicity, gender, and age distri-
butions in the NHANES III compared with the NHANES
1999–2004. However, a larger portion of the NHANES
1999–2004 dietary recalls were on weekends than those
of the NHANES III sample, which represents an opera-
tional imbalance that cannot be fully adjusted for by
applying sample weights alone. Because dietary patterns
for children substantially vary from weekdays to week-
ends, we controlled for this variable in addition to race/
ethnicity, gender, and age enhance comparability be-
tween the 2 time periods.

Percentage of Youth Consuming SSBs, Fruit Juices, and Other
Beverages on a Typical Day
As shown in Table 2, in 1988–1994, 79% of all US youth
(adjusted for race, gender, age, and weekend versus

weekdays) consumed SSBs on a typical day; this per-
centage was virtually unchanged (80%) in 1999–2004.
Approximately 30% of the youth population consumed
FJs in 1999–2004, compared with 27% (P � .07) in the
NHANES III. Taking SSBs and FJs together, the percent-
age of US youth who consumed either drink on any
given day also remained stable (88%–89%; P � .11)
during this period. There was a small decline in the
percentage of youth who consumed milk (from 74% to
71%; P � .057). Table 3 summarizes the percentage of
children and adolescents who reported consumption of
each beverage category according to age group. The
decline in milk consumption is statistically significant
among children aged 2 to 5 years (�3%; P � .05). The
increase in FJ drinkers between the 2 time periods is
significant among adolescents (5%; P � .05).

Per-Capita Caloric Contribution From SSBs and FJs
Across all youth, SSBs contributed, on average, 204
kcal/day in 1988–1994 (95% confidence interval [CI]:
190–213) and 224 kcal/day in 1999–2004 (95% CI:
214–233; P for trend � .006), after adjusting for com-
positional differences according to age, gender, race/
ethnicity, and weekend versus weekday recall (Table 2).
The increase during the past 10 years was statistically
significant in boys (from 228 to 259 kcal/day; P � .002)
but not in girls (177 to 186 kcal/day; P � .2). This
increase in per-capita SSB calories corresponded to a
change from 9.8% (95% CI: 9.3%–10.3%) to 10.7%

TABLE 1 Characteristics of US Children and Adolescents Aged 2 to
19 Years: NHANES III (1988–1994) and NHANES
1999–2004 Dietary Sample

n (%)a

1988–1994 1999–2004

Total 9882 (100) 10962 (100)
Boys 4843 (51) 5560 (51)
Girls 5039 (49) 5402 (49)
Race/ethnicity
Non-Hispanic white 2812 (73) 3276 (70)
Non-Hispanic black 3433 (17) 3745 (17)
Mexican American 3637 (10) 3941 (14)

Age, y
2–5 3918 (22) 2083 (21)
6–11 3027 (34) 2792 (34)
12–19 2937 (43) 6087 (46)

Lower income 4521 (30) 4522 (33)
Higher income 4522 (70) 5550 (67)
Recalled day was weekend (Saturday

and Sunday)
1776 (22) 4175 (38)

Recalled day was weekday (Monday
through Friday)

8106 (78) 6787 (62)

BMI, percentileb

�85th 7257 (76) 7075 (69)
85th–95th 1266 (13) 1673 (15)
�95th 1146 (10) 1955 (16)

a Percentage of USpopulationwas estimatedbyusingweights to adjust for unequal probability
of sampling.
b A BMI greater than or equal to the gender- and age-specific 95th percentile on the CDC
growth charts is usually defined as “overweight,” and BMI between the 85th and the 95th
percentiles is defined as “at risk for overweight.”
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(95% CI: 10.2%–11.1%) (P for trend � .02) daily energy
intake.

Table 4 shows corresponding per-capita caloric con-
tribution from SSBs and percent total daily energy ac-
cording to age and demographic groups. In 1999–2004,
daily SSB calories averaged 124 kcal (7% total daily

energy), 184 kcal (9% total daily energy), and 301 kcal
(13% total daily energy) among youths aged 2 to 5, 6 to
11, and 12 to 19 years, respectively. The largest increase
from the NHANES III took place among older children
(aged 6–11 years), who increased their SSB calories by
20% or 31 kcal (P � .0001). Within the group of 6- to

TABLE 2 Percentage of Children and Youth (Aged 2–19 Years) Who Consumed Beverages and
Per-Capita Kilocalories From SSBs on the Surveyed Day, According to Beverage:
NHANES III (1988–1994) Versus NHANES 1999–2004

1988–1994 1999–2004 Adjusted
Mean

Differencea

P (for
Trend)

Crude Mean,
%

Adjusted
Mean, %a

Crude Mean,
%

Adjusted
Mean, %a

Consumed beverages on the surveyed day
Had SSB 79 80 81 80 0 .63
Had diet beverage 7 8 5 5 �3 .01
Had milk 75 74 70 71 �3 .06
Had FJ 27 27 30 30 3 .07
Had coffee/tea 4 4 6 5 1 .009
Had SSB or FJ 88 88 90 89 1 .2

Per-capita caloric contribution, kcal/db

From SSBs 199 204 228 224 20 .006
From FJs 38 38 48 47 8 .008
From SSBs and FJs combined 238 242 276 271 28 .0002

Daily caloric contribution among drinkers,
kcal/db

From SSBs 252 255 282 278 22 .002
From FJs 142 144 158 154 10 .17
From SSBs and FJs combined 271 275 307 302 27 .0001

a Adjusted for age, race/ethnicity, gender, household income, and weekend versus weekday consumption.
b 1 kcal � 4.2 kJ.

TABLE 3 Percentage of Respondents to Report at Least 1 Consumption Occasion of Beverages on the
Surveyed Day, According to Category and Age: NHANES III (1988–1994) Versus NHANES
1999–2004

Ages 2–5 y Ages 6–11 y Ages 12–19 y

1988–1994 1999–2004 1988–1994 1999–2004 1988–1994 1999–2004

Overalla

Had SSB 72 70 79 81 84 84
Had diet beverage 5 4 9 5b 8 6
Had milk 89 86b 81 77 60 58
Had FJ 41 46 29 30 18 23b

Had coffee/tea 1 2 1 3b 6 9
Had SSB or FJ 90 90 86 89 89 90

Weekdays (Monday through Friday)
Had SSB 72 71 78 80 82 83
Had diet beverage 4 4 8 5b 8 6
Had milk 90 87b 84 80 63 60
Had FJ 42 46 29 30 17 23b

Had coffee/tea 1 2 1 3b 7 8
Had SSB or FJ 90 90 85 88 87 88

Weekends (Saturday and Sunday)
Had SSB 74 71 81 85 88 88
Had diet beverage 8 3 9 6 8 6
Had milk 86 84 73 69 54 53
Had FJ 40 44 30 26 22 24
Had coffee/tea 3 3 2 3 4 11b

Had SSB or FJ 89 89 88 92 93 93
a Adjusted for race, gender, income, and weekend versus weekdays.
b P for trend �.05
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11-year-olds, boys showed a larger increase (47 kcal; P �
.0002). In all age groups, the increase in SSB calories per
capita was larger among black and Mexican American
adolescents than white adolescents. Although over-
weight children and adolescents generally consume

more SSBs than their nonoverweight peers, we found
that the trends suggest more substantial increases in SSB
consumption among the nonoverweight.

Our results also indicate that consumption of FJs per
capita has risen. Between the 2 survey periods, the over-

TABLE 4 Per-Capita Consumption of SSBs Measured in Caloric Contributions: NHANES III (1988–1994)
Versus NHANES 1999–2004

Per-Capita Kilocaloriesa From SSBs (% Contribution to Daily Energy Intake)

Age 2–5 y Age 6–11 y Age 12–19 y

1988–1994 1999–2004 1988–1994 1999–2004 1988–1994 1999–2004

Overall 107 (7) 124b (7) 153 (8) 184b (9) 287 (12) 301 (13)
Male 113 (7) 133b (8) 161 (8) 208b (10) 333 (12) 357 (14)
Female 101 (7) 115 (7) 145 (8) 159 (9) 238 (13) 242 (13)
Race/ethnicity
White 102 (7) 120 (7) 154 (8) 184b (9) 297 (13) 302 (13)
Black 122 (8) 139 (8) 161 (9) 190b (10) 268 (12) 297b (14)
Mexican American 113 (8) 127 (8) 134 (7) 181b (9) 248 (12) 305b (14)

Lower incomec 127 (8) 141 (8) 154 (8) 187 (9) 283 (13) 325 (15)
Higher incomec 103 (7) 118 (7) 155 (8) 186b (9) 292 (13) 297 (13)
BMI, percentiled

�85th 107 (7) 122 (7) 150 (8) 178b (9) 285 (12) 297 (13)
85th–95th 98 (7) 125 (7) 155 (8) 209b (10) 280 (13) 304 (14)
�95th 135 (8) 137 (8) 177 (9) 185 (9) 313 (14) 320 (16)

On weekdays 108 (7) 124 (7) 147 (8) 172b (9) 269 (12) 286 (13)
On weekends 106 (7) 126 (8) 168 (9) 214b (11) 325 (13) 334 (15)
a 1 kcal � 4.2 kJ.
b P for trend �.05.
c Income level was dichotomized on the basis of poverty index ratio (the ratio of annual family income to the federal poverty line, accounting for
calendar year of interview). The lower-income levelwas defined as apoverty index ratio of�130%, reflecting eligibility for the federal food-stamp
program.
d A BMI greater than or equal to the gender- and age-specific 95th percentile on the CDC growth charts is usually defined as “overweight,” and
BMI between the 85th and the 95th percentiles is defined as “at risk for overweight.”

TABLE 5 Per-Capita Consumption of FJs Measured in Caloric Contributions: NHANES III (1988–1994)
Versus NHANES 1999–2004

Per-Capita Kilocaloriesa From FJs (% Contribution to Daily Energy Intake)

Age 2–5 y Age 6–11 y Age 12–19 y

1988–1994 1999–2004 1988–1994 1999–2004 1988–1994 1999–2004

Overall 55 (4) 69 (4)b 34 (2) 41 (2)b 33 (2) 43 (2)
Male 53 (4) 71 (4)b 34 (2) 43 (2) 44 (2) 47 (2)
Female 58 (4) 68 (4) 34 (2) 38 (2) 22 (1) 39 (2)b

Race/ethnicity
White 58 (4) 68 (5) 34 (2) 36 (2) 35 (2) 42 (2)
Black 49 (3) 76 (6)b 41 (2) 52 (3)b 33 (1) 48 (2)b

Mexican American 48 (4) 66 (6)b 26 (1) 52 (3)b 24 (1) 42 (2)b

Lower incomec 38 (3) 66 (4)b 26 (1) 45 (2) 27 (1) 40 (2)
Higher incomec 61 (4) 67 (4) 36 (2) 38 (2) 34 (2) 43 (2)
BMI, percentiled

�85th 56 (4) 72 (5)b 32 (2) 40 (2)b 36 (2) 45 (2)
85th–95th 54 (4) 56 (4) 30 (2) 44 (2) 32 (1) 39 (2)
�95th 44 (3) 62 (4) 46 (2) 38 (2) 15 (1) 39 (2)b

On weekdays 58 (4) 67 (4) 34 (2) 41 (2) 28 (1) 41 (2)b

On weekends 48 (3) 74 (5)b 35 (2) 40 (2) 44 (2) 46 (2)
a 1 kcal � 4.2 kJ.
b P for trend �.05
c Income level was dichotomized on the basis of poverty index ratio (the ratio of annual family income to the federal poverty line, accounting for
calendar year of interview). The lower-income levelwas defined as apoverty index ratio of�130%, reflecting eligibility for the federal food-stamp
program.
d A BMI greater than or equal to the gender- and age-specific 95th percentile on the CDC growth charts is usually defined as “overweight,” and
BMI between the 85th and the 95th percentiles is defined as “at risk for overweight.”
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all caloric contribution from these beverages increased
from 38 to 48 kcal/day (P � .001), with the largest
changes occurring among black and Hispanic children
and adolescents (Table 5). We observed the greatest
increase over the period among children aged 2 to 11
years from lower income families, bringing their con-
sumption level similar to that of higher-income families.
After adjusting for race/ethnicity, gender, age, and
weekday versus weekend, the combined total of daily
calories from SSBs and FJs in 1999–2004 was 193, 225,
and 344 kcal among children aged 2 to 5, 6 to 11, and 12
to 19 years, respectively, which was an increase from
162, 187, and 321 kcal/day in the NHANES III.

Daily Intake Among ChildrenWho Consumed SSBs or FJs
Among children and adolescents who reported at least 1
SSB consumption occasion on the recalled day, they
consumed an average of 273 kcal/day in 1999–2004
(adjusted for age, race/ethnicity, gender, income, and
weekend versus weekdays, 95% CI: 265–282), which
was up from the average of 250 kcal/day (95% CI:
240–261) in 1988–1994. The corresponding daily con-
sumption averages to 22 oz/day in 1988–1994 and 25
oz/day in 1999–2004 (P for trend � .0001). Among all
children who had at least 1 FJ drink on the surveyed
day, their average daily consumption increased from 148
kcal/day in 1999–2004 (95% CI: 134–162) to 160 kcal/

day (95% CI: 154–166) in 1988–1994. The average daily
consumption level across all children and adolescents
who consumed FJ amounted to 12.4 oz/day in 1999–
2004, an increase from 11.2 oz/day in the NHANES III (P
for trend � .011).

Table 6 shows the consumption level reported by re-
spondents who had at least 1 SSB or FJ consumption
occasion within each age group. In almost all groups, the
average SSB consumption level showed significant in-
crease over time. Not only did more children and adoles-
cents consume FJ (Table 1), but the average daily intake
also increased during this period. Approximately half of all
children aged 2 to 5 years consumed FJ, for an average of
11.1 oz (up from 9.9 oz in the NHANES III) and 148 kcal
(up from 135 kcal in the NHANES III) per day. This in-
crease in the contribution of FJ to total daily energy is
highly significant among younger black children (from 130
to 160 kcal/day; P � .003). The upward trend in serving
size was significant in girls aged 6 to 19 but not in boys.

Location and Sources of SSB and FJ Consumption
Figure 1 describes the relative contributions of calories
from SSBs and FJs combined (per capita) according to
location of consumption among children and adoles-
cents. For children and adolescents in 1999–2004, 60%
to 80% of these calories were consumed in the home
environment (home or other people’s house). Although

TABLE 6 Average Quantity and Caloric Contributions From SSBs and FJs Among ChildrenWho Had at
Least 1 Consumption Occasion on the Surveyed Day: NHANES III (1988–1994) Versus NHANES
1999–2004

SSBs FJs

Mean, oz kcala (% Total Energy) Mean, oz kcala (% Total Energy)

1988–1994 1999–2004 1988–1994 1999–2004 1988–1994 1999–2004 1988–1994 1999–2004

Overall
Aged 2–5 y 13.2 15.5b 150 (10) 176b (11) 9.9 11.1c 135 (9) 148 (9)
Aged 6–11 y 17.4 20.5b 196 (10) 229b (11) 9.0 10.4b 118 (6) 136b (7)
Aged 12–19 y 30.3 32.7b 340 (15) 356 (16) 13.4 14.6 178 (8) 184 (8)

Boys
Aged 2–5 y 14.0 16.4b 159 (10) 187b (11) 9.8 11.0 135 (9) 147 (9)
Aged 6–11 y 18.5 22.9b 208 (10) 253b (12) 9.5 11.0c 125 (6) 144 (7)
Aged 12–19 y 34.4 38.1b 388 (14) 409 (16) 15.6 16.2 208 (8) 202 (8)

Girls
Aged 2–5 y 12.4 14.6b 139 (10) 164b (10) 10.0 11.2 134 (10) 149 (8)
Aged 6–11 y 16.2 18.0 183 (10) 199 (11) 8.4 9.9c 111 (7) 128c (7)
Aged 12–19 y 25.8 27.0 289 (16) 300 (16) 11.2 12.9c 145 (9) 165c (9)

White
Aged 2–5 y 13.3 15.9b 149 (10) 176b (11) 9.8 10.8 134 (9) 145 (9)
Aged 6–11 y 17.9 21.0c 200 (11) 228c (11) 8.7 10.1c 114 (6) 132c (7)
Aged 12–19 y 31.8 33.8 354 (15) 363 (16) 13.6 14.7 181 (9) 185 (8)

Black
Aged 2–5 y 13.0 14.5c 150 (10) 178b (10) 9.5 11.9b 130 (8) 160b (10)
Aged 6–11 y 16.7 19.7b 193 (10) 226b (12) 9.6 11.2c 126 (7) 146c (7)
Aged 12–19 y 26.9 29.4b 310 (14) 333c (16) 13.7 14.2 179 (7) 183 (9)

Mexican American
Aged 2–5 y 12.7 14.8c 151 (10) 173 (10) 10.6 11.1 145 (10) 145 (9)
Aged 6–11 y 15.4 19.3b 179 (10) 220b (11) 10.1 11.6c 134 (7) 148 (7)
Aged 12–19 y 25.4 30.9b 293 (14) 347b (16) 12.3 14.3 156 (7) 178 (9)

a 1 kcal � 4.2 kJ.
b P for trend �.01.
c P for trend �.05.
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this proportion decreased with age, home consumption
remained the main location of SSB and FJ intake even
among adolescents on weekdays. SSB and FJ consump-
tion at school represented 14% of all SSB and FJ con-
sumption on a typical weekday for older children (aged
6–11 years) and 15% for adolescents (aged 12–19
years). The in-school intake of SSB and FJ calories seems
to be similar between income groups (data not shown).
Our findings also indicate that restaurants were an en-
vironment in which children frequently consumed
SSBs, especially on weekends; fast-food and other types
of restaurants seem equally important on the basis of
per-capita calories.

In 2003–2004, 1735 children and adolescents who
reported SSB consumption in the 24-hour recall also
provided the source of the beverage (“Where did you get
[food name]?”). Table 7 presents the contribution to all
SSB calories from each source category on a typical
weekday (Monday to Friday). Note that the contribution
from fast-food/pizza restaurants in this table is much
higher than that shown in Fig 1, because these estimates
include take-out meals. Generally speaking, 71% of all

SSB purchases were made in stores. Among adolescents
(aged 12–19 years), the points of purchase shift to res-
taurants and vending machines (�5%). Even if we as-
sume all vending purchases occur in school, the in-
school contribution seems small.

Type of Beverages
Figure 2 illustrates the relative contribution of various
types of beverages to overall SSB consumption according
to age group. Soda contributed 55% of all calories from
SSBs among children and adolescents (aged 2–19 years).
The remaining SSB calories came from fruit drinks
(37%), sports drinks (3%), low-caloric drinks, and other
sugar-sweetened drinks (6%). Soda represented �50%
of all SSB calories among older children, and became the
predominant SSB consumed by teens. For preschool-
aged children, on the other hand, more than half of all
SSB calories came from fruit punch. Between 1988–
1994 and 1999–2004, consumption of fruit punch and
FJs increased among young children (aged 2–5 years).
During the same period, the share of SSB consumption
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FIGURE 1
Per-capita kilocalories from SSBs and FJs combined according to location of consumption: 1999–2004. “Restaurants” includes self-serve buffets, cafeterias, delicatessens, restaurants,
stores, and take-out restaurants; “other” includes in transit (boats, cars, planes), community-feeding programs, work, day camp, day care, and other.

TABLE 7 Sources of SSB Calories on a Typical Weekday: NHANES 2003–2004

n % (SE) of All SSB Calories According to Source

Store Restaurant Fast-Food/
Pizza

Restaurant
Other

School
Cafeteria

Vending
Machine

Recreational/Sports
Facilities

Other
Sources

Overall 1735 70.6 (2.3) 13.4 (1.7) 3.7 (0.4) 0.2 (0.1) 2.6 (0.5) 1.7 (0.7) 7.9 (1.3)
Ages 2–5 y 323 80.4 (3.2) 8.5 (1.8) 1.8 (0.8) 0.1 (0.1) 0.8 (0.6) 0.1 (0.1) 8.2 (2.5)
Ages 6–11 y 397 67.6 (5.0) 15.9 (4.2) 3.4 (0.9) 0.0 (0.0) 0.7 (0.5) 2.7 (2.0) 9.6 (2.6)
Ages 12–19 y 1015 69 (2.2) 13.4 (1.4) 4.6 (0.6) 0.3 (0.1) 4.6 (1.4) 1.7 (0.5) 6.5 (1.4)
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attributable to sports drinks increased threefold among
adolescents (1%–3% of all total SSB calories).

DISCUSSION
In 1999–2004, US youth consumed an average of 224
kcal per capita per day from SSBs (�11% of their daily
energy intake). On any given day, 84% of the adoles-
cents drank SSBs, and these youth consumed an average
of 30 oz throughout the day, equivalent to 356 kcal or
16% of their total energy intake. To burn off �360 extra
kcal, an average 15-year-old boy who weighs 50 kg (110
lb) would need to replace sitting by 3.25 hours of walk-
ing or 1 hour of jogging. The youngest SSB drinkers
(aged 2–5 years) consumed an average of 15.5 oz or 176
kcal from SSB on a typical day (1 regular 12-oz soda
contains 140 kcal), �10% of their total energy intake in
1999–2004. This is more than twice the dietary guide-
line, which suggests no more than 4 to 6 oz/day for those
in this age group. Over the study period, we observed an
overall increase in per-capita SSB and FJ consumption
(Table 2). This increase parallels secular trends in total
energy intake and prevalence of obesity during this de-
cade. Given that the percentage in SSB drinkers changed
little over this period, we believe that population-wide
increases in SSB consumption are likely driven by in-
creases in daily consumption level.

Our results indicate that carbonated sodas repre-
sented less than half of all SSBs consumed by the chil-
dren aged 2 to 11. In contrast, carbonated sodas com-
prised approximately two thirds of the SSBs consumed
by adolescents. These results suggest the importance of
focusing on other SSBs in addition to soda, such as fruit

drinks, fruit punch, and sports drinks. Our analysis also
points to the rising importance of FJ in children’s diet
guidelines. Preschool-aged children who drink 100%
juice consumed, on average, 10 oz daily, almost twice
the APA–recommended amount of 4 to 6 oz/day. This
finding echoes previous reports that documented that
children aged 1 to 5 years who were enrolled in the
Supplemental Nutrition Program for Women, Infants,
and Children program received twice the recommended
amount of fruit juice (�9.5 fl oz/day).19,20 Average con-
sumption of 100% juice among teens also exceeded the
recommended 8 to 12 oz/day for this age group.

Our results also indicate large increases in SSB con-
sumption among black and Mexican American youths, 2
market segments that have been strategically targeted by
advertising efforts and product development in recent
years.6

Consistent with previous research,12 we found that
most SSB consumption among US children and adoles-
cents occurred at home, and relatively low levels were
purchased or consumed in school settings.26 On a typical
weekday, the home environment was the location for
55% to 70% of all SSB calories, depending on age,
whereas �7% to 15% (Fig 1) occurred in school set-
tings. Vending machines and school cafeterias were the
source for 1% to 5% (Table 7). This may suggest that
initiatives designed to restrict the sale of SSBs in schools
may only have a small impact on overall SSB consump-
tion. On the other hand, such initiatives could signal
changing norms related to the widespread marketing of
these “empty calories” to children.27 It is possible that
such movement will provide incentive for beverage
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manufacturers to provide smaller serving sizes in all
settings or to explore the value in promoting healthier
beverages for children and adolescents. Innovative strat-
egies targeted at communities as well as legislative reg-
ulations on marking practices and food labeling could
potentially have a broad impact on consumer prefer-
ences and purchasing behavior. These study results may
be useful in providing quantitative benchmarks for the
evaluation of such initiatives.

Recently published reviews have linked intake of
SSBs to excess weight gain,5,28 although another review
suggested inconclusive evidence.29 Generally speaking,
in contrast to randomized, controlled trials and longitu-
dinal studies that linked change in SSB consumption to
change in BMI or obesity incidence, cross-sectional stud-
ies that have examined relations between SSB intake
and weight status yielded less clear-cut conclusions.
Some studies found positive associations between SSB
consumption and weight gain,30–35 and other studies
found insignificant36–40 or weak41 associations. One study
found both positive and negative associations for differ-
ent subgroups.42 An important limitation of such cross-
sectional designs is the likelihood of reverse causality.
For example, we found that overweight children con-
sumed a similar amount of SSBs but significantly more
diet beverages per capita than nonoverweight children
(1.54 vs 0.76 oz/day in 1999–2004, data not shown),
which indicate that overweight children may preferen-
tially consume diet beverages to lose weight or omit SSB
consumption. The weaker research design may also lack
control for confounding and measurement error. As a
result, because our analysis only used cross-sectional
surveys of different children during 2 time periods, we
are constrained from making any causal inferences
about the contribution of SSBs to excess weight gain and
obesity.

There are other important limitations associated with
using single 24-hour dietary recalls to infer population
dietary patterns: (1) The recall method is subject to
inaccuracy and bias in reporting all food ingested and
quantifying portion size; a systematic underreporting of
up to 25% has been documented in adults.43,44 The va-
lidity of reporting beverages is similarly constrained, al-
though some evidence has suggested better accuracy
with packaged beverage items such as most SSBs.45 The
extent of underreporting intake in children and the ef-
fect of proxy reporting are less studied and would re-
quire additional research. (2) An individual’s diet may
vary greatly from 1 day to the next; therefore, 1 single
24-hour dietary recall does not reliably represent the
long-term dietary intake pattern of a respondent. Al-
though this unreliability may reduce the precision of the
estimates, it should not have biased our regression esti-
mates of total energy intake.46 (3) When food servings
are converted to energy intake, additional errors are
introduced because of assumptions about serving size
and food composition defined by the food and nutrient
database. Aside from coding error, the use of food-com-
position data for calculating nutrient intakes assumes
that the nutrient values for a given food are representa-
tive of the available food consumed by the study sub-

jects. This is particularly relevant for the estimation of
total energy intake and possibly less important for quan-
tifying serving size and nutrient content for packaged
beverages. (4) Although we used multivariate regression
models to adjust for changes in demographic variables
and weekday versus weekend recall, our inferences on
secular trends and beverage-consumption patterns
across the 2 surveys may remain constrained by changes
in other compositional variables.

CONCLUSIONS
The consumption of SSBs and FJs continues to rise
among children and adolescents. Mounting epidemio-
logic and experimental evidence suggests that reducing
intake of empty calories by limiting SSB consumption
may be a key strategy for promoting healthy eating and
preventing excess weight gain in youth. Awareness of
these trends among pediatricians will be critical in assist-
ing children and parents to identify concrete targets of
suboptimal dietary patterns that may contribute to ex-
cess caloric intake and obesity. The various types of SSBs
are an attractive focus for environmental, policy, and
behavioral interventions aimed at curbing the energy
imbalance in children and youth.

APPENDIX: CODING DEFINITION FOR NONALCOHOLIC
BEVERAGE CATEGORIES: NHANES III AND NHANES
1999–2004

1. Sugar-sweetened beverage (SSB): includes all sodas,
fruit drinks, sport drinks, low-calorie drinks, and
other beverages (sweetened tea, rice drinks, bean
beverages, sugar-cane beverages, horchata, and non-
alcoholic wines/malt beverages).

a. Sport drink: includes all drinks labeled Gatorade
or thirst quencher (3 items in NHANES III, 7 items
in NHANES 1999–2004).

b. Fruit drink: includes all fruit drinks, fruit juices,
and fruit nectars with added sugar (166 items in
NHANES III, 137 items in NHANES 1999–2004).

c. Soda: includes all carbonated beverages with
added sugar (25 items in NHANES III, 21 items in
NHANES 1999–2004).

d. Low-calorie SSB: includes all beverages described
as being low-calorie, including fruit juices, teas,
and fruit drinks (26 items in NHANES III, 26 items
in NHANES 1999–2004).

e. Other SSB: includes sweetened tea, rice drinks,
bean beverages, sugar cane beverages, horchata,
nonalcoholic wines/malt beverages, etc (40 items
in NHANES III, 37 items in NHANES 1999–2004).

2. Diet beverages: includes all diet sodas and sugar-free
carbonated soda water (17 items in NHANES III, 17
items in NHANES 1999–2004).

3. Milk: includes all whole, low-fat, skim, and flavored
milk (62 items in NHANES III, 55 items in NHANES
1999–2004). Flavored milk includes fruit-flavored
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milk and chocolate milk (60 items in NHANES III, 69
items in NHANES 1999–2004).

4. 100% fruit juice (FJ): includes all 100% juices (eg,
apple and orange) and all unsweetened juices (27
items in NHANES III, 17 items in NHANES 1999–
2004).

5. Coffee/tea: includes all coffee drinks and unsweet-
ened teas (59 items in NHANES III, 67 items in
NHANES 1999–2004).
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