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CORRELATES OF BEVERAGE INTAKE IN ADOLESCENT GIRLS: THE NATIONAL
HEART, LUNG, AND BLOOD INSTITUTE GROWTH AND HEALTH STUDY

RUTH H. STRIEGEL-MOORE, PHD, DOUGLAS THOMPSON, PHD, SANDRA G. AFFENITO, PHD, RD, DEBRA L. FRANKO, PHD,
EVA OBARZANEK, PHD, MPH, RD, BRUCE A. BARTON, PHD, GEORGE B. SCHREIBER, SCD, STEPHEN R. DANIELS, MD,

MARCIA SCHMIDT, MS, RD, AND PATRICIA B. CRAWFORD, DRPH, RD

bjectives To examine longitudinal changes in consumption of 6 types of beverages (milk, diet and regular soda, fruit juice,
ruit-flavored drinks, and coffee/tea) in girls and determine the relationship between beverage intake, body mass index (BMI),
nd nutrient intake.

tudy design Three-day food diaries were included from black (1210) and white (1161) girls who participated in the
ational Heart, Lung, and Blood Institute Growth and Health Study. Diaries were recorded during annual visits beginning at
ges 9 or 10 years until age 19 years. Mixed models estimated the association of (1) visit and race with average daily
onsumption of beverages and (2) beverage intake with BMI and average daily intake of total calories, sucrose, fructose, total
ugars, and calcium.

esults For girls of both races, milk consumption decreased and soda consumption increased with time. Changes in
everage intake with time varied by race for all beverages except fruit juice. For all beverage categories, consumption was
ssociated with caloric intake. Of all beverages, increasing soda consumption predicted
he greatest increase of BMI and the lowest increase in calcium intake.

onclusions Public health efforts are needed to help adolescents gain access to and
hoose healthful beverages and decrease intake of beverages of minimal nutritional
alue. (J Pediatr 2006;148:183-7)

hildren’s consumption of beverages has changed dramatically during the past
several decades.1-3 For example, milk intake has decreased and intake of carbon-
ated drinks (“sodas”) or sugared, fruit-flavored drinks (“fruit drinks”) has in-

reased with time and with increasing age.3,4 Children’s beverage consumption has
ecome an important focus of investigation because of its potential to contribute positively
eg, milk)4,5 or negatively (eg, soda; fruit drinks) to adequate nutrient intake.1 Elevated
onsumption of sodas and fruit drinks also has been found to increase risk for dental decay
mong children6 and is associated with increases in overall energy intake,4,7,8 weight gain,7

nd obesity.9 Further, caffeinated sodas have been associated with increased risk for bone
ractures,10 likely because of milk displacement.11 In girls ages 2 to 18 years, Forshee and
torey12 found an inverse relationship between milk intake or diet soda intake and body
ass index (BMI).

Previous studies have shown that beverage consumption is strongly associated with
emographic characteristics. For example, milk is the beverage of choice among young
hildren, but with increasing age milk intake decreases and intake of other beverages,
specially sodas, increases.1,12 White children drink more milk than black children,5,8

hereas black girls consume more fruit drinks.5

This study sought to expand on these findings by describing changes in beverage
onsumption from childhood to late adolescence in a sample of black and white girls, and
y examining the relations among consumption of various beverages and energy or
utrient intake and BMI. Specifically, data from the National Heart, Lung, and Blood
nstitute (NHLBI) Growth and Health Study (NGHS)13 were analyzed to identify

MI Body mass index NGHS NHLBI Growth and Health Study

See editorial, p 152
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hanges with time in intake of milk, soda, diet soda, fruit
uice, fruit drinks, and coffee or tea. We also estimated the
ssociation of each of these beverages with BMI and average
aily intake of total calories, sucrose, fructose, total sugars,
nd calcium.

METHODS

articipants and Recruitment
As previously reported,13 the multi-site NGHS in-

olved 2379 girls (9 or 10 years old at study entry) who
dentified themselves (by using United States census catego-
ies for race/ethnicity) as “black” or “white,” non-Hispanic,
ith racially concordant parents or guardians. The University
f California at Berkeley recruited girls from public and
arochial schools in the Richmond Unified School District;
he University of Cincinnati/ Cincinnati Children’s Hospital

edical Center recruited girls from all public and parochial
chools in Hamilton County; Westat, Inc./Group Health
ssociation in Rockville, Maryland, randomly selected girls

rom families who were enrolled in a large Washington,
C-area health maintenance organization and, because of an

nsufficient number of white families with age-eligible girls,
ecruited girls from several local Girl Scout troops in the same
eographic area. Child assent and parental consent was ob-
ained. The study was approved by the institutional review
oards of all participating institutions. Only instruments rel-
vant to this report are described.

easurements and Procedure
Girls participated in 10 approximately annual assess-

ent “visits” at participating sites or, when the girl was unable
o travel to the site, at her home. Retention was high at visits
, 3, and 4 (96%, 94%, and 91%, respectively), declined to
2% at visit 7, and increased to 89% at visit 10. Data collec-
ion commenced in 1987 and ended in 1997.

Demographic information was collected at study entry
rom girls and their parents (or guardians). Race (black or
hite) was defined by self-report, by using US Census cate-
ories. Participants’ age was recorded as their age at last
irthday. BMI was calculated annually on the basis of the
esearch staff’s measures of girls’ height and weight (weight in
ilograms divided by height in meters squared).

ood Intake
Dietary assessment for this study included a 3-day food

ecord that provided high reporting accuracy, as documented
n the initial validation study.14 Three-day food records were
ollected annually for visits 1 to 5 and then again at visits 7,
, and 10. A standardized procedure was used to record all
ood and beverage intake. More specifically, dietitians trained
nd certified by the University of Minnesota Nutrition Co-
rdinating Center (NCC) and retrained in later years by staff
t the Dietary Data Entry Center in Cincinnati, used age-

ppropriate materials to instruct girls to record all food and s

84 Striegel-Moore et al
rink for 3 consecutive days (2 weekdays and 1 weekend day).
ietitians reviewed the completed food records individually
ith the girls, using standard probes to answer girls’ questions
r clarify incomplete responses. Default values adapted from
he NCC were used for missing information on food amounts
r preparation methods. To minimize the use of defaults, staff
ad a notebook of labels and label pictures to help girls
escribe foods. Food records were coded and analyzed for
utrients using the Food Table version 19 of the NCC
utrient database 15 initially, with updated versions being
sed as the study progressed.

The amount and type of beverages consumed were
ecorded in the food diaries. For this analysis, beverages were
oded as: 1) “milk” (all kinds of cow’s milk, including flavored
arieties); 2) “regular soda” (all non-diet carbonated bever-
ges, except water); 3) “diet soda” (all diet carbonated bever-
ges, excluding water); 4) “fruit juice” (fruit and vegetable
uices); 5) “fruit drinks” (fruit-flavored drinks, punches, ades
hat contain �100% juice); and 6) “coffee/tea.” These 6
ategories captured 88.2% of all beverages in the food diaries;
ater (tap or carbonated) comprised �90% of the excluded
everages. At each visit, for each beverage category, average
rams consumed per day were determined by adding the daily
mounts and dividing the total by the number of days asso-
iated with a visit.

Intake of total energy (kilocalories, kcal), sucrose
grams, g), fructose (g), total sugars (g, computed as the sum
f sucrose, lactose, galactose, glucose, and fructose), and cal-
ium (milligrams, mg) were computed by adding the nutrient
alues of all foods and beverages consumed during each day in
he visit, then averaging across the 3 days.

ata Analysis
Visit number served as a proxy for age (mean ages at the

isits are shown in Table I). To examine age- and race-related
ifferences in average daily beverage consumption (in grams), a
eparate model was constructed for each type of beverage. The
redictors were visit, race, and the visit-by-race interaction. All
odels adjusted for site differences and daily total caloric intake.
ecause these variables were not of substantive interest, their
ffects are not reported. Beverage consumption reports at differ-
nt visits were not independent, therefore mixed models (PROC

IXED) were used to account for the within-girl correlation.16

he within-girl covariance structure was modeled as unstruc-
ured (type � UN in the REPEATED statement of PROC

IXED), on the basis of comparisons of the Akaike and
ayesian information criteria in models with different covariance

tructures but all else held constant.17 Main effects and interac-
ions were evaluated by using likelihood ratio tests, which have a
hi-square distribution.

Separate mixed models were used to estimate the rela-
ions between beverage consumption and each dependent
ariable: BMI, and average daily intake of total calories,
ucrose, fructose, total sugars, and calcium. Consumption of
ifferent beverages might be related (eg, girls who drink diet

odas might tend to not drink regular sodas), therefore models

The Journal of Pediatrics • February 2006
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djusted for all other beverages when evaluating the relation
etween consumption of a given beverage and the outcomes
f interest. All models were adjusted for site, race, and (except
hen predicting total caloric intake) caloric intake.

RESULTS

hanges in Beverage Consumption Across
dolescence

In all, 2371 girls (1210 black and 1161 white; 99.7% of
he NGHS participants) completed a food diary at 1 or more
isits. Average daily consumption of each beverage among
lack and white girls during the course of the study is shown
n Table I.

At each visit, black girls had consumed less milk than
hite girls did. White girls’ milk intake did not change
etween visits 1 and 3 (ages 9.5-11.5 years), but decreased
teadily after visit 3; from visit 3 until visit 7 (ages 11.5-15.5
ears), black girls’ milk consumption decreased at a greater
ate than white girls’ did. Regular soda consumption increased
n a nearly linear fashion across visits. The rate of increase in
egular soda consumption was greater among black girls than
mong white girls until visit 8 (age 16.5 years), when black
irls’ soda intake leveled off but white girls’ soda intake
ontinued to increase. Black girls’ intake of diet soda re-
ained uniformly low across all visits (�11.5 grams per day,

n average), whereas white girls’ intake of diet soda increased
teadily throughout the entire period. In both groups, intake
f fruit juice changed little between visits 1 and 4 (ages
.5-12.5 years), and then increased slightly after visit 5. At all
isits, black girls consumed more fruit drinks than white girls
id. White girls’ consumption of fruit drinks changed little

able 1. Mean daily consumption (standard error) of

Race Beverage

Visit

1 (9.5) 2 (10.5) 3 (11.5)

hite Regular soda* 135.45 (8.29) 164.33 (8.54) 201.70 (8.63)
Diet soda† 22.36 (4.52) 33.82 (4.66) 37.39 (4.71)
Milk‡ 352.04 (7.22) 340.00 (7.44) 348.83 (7.52)
Coffee/tea¶ 19.78 (3.45) 20.09 (3.55) 22.74 (3.59)
Fruit juice§ 110.46 (4.94) 106.70 (5.09) 111.64 (5.15)
Fruit drinks� 78.41 (4.39) 82.23 (4.53) 81.91 (4.57)

lack Regular soda 134.53 (7.85) 173.15 (7.87) 210.44 (7.76)
Diet soda 7.20 (1.75) 11.53 (1.75) 8.38 (1.73)
Milk 244.13 (5.36) 237.99 (5.37) 214.83 (5.30)
Coffee/tea 19.50 (2.61) 18.94 (2.61) 17.55 (2.58)
Fruit juice 108.36 (4.86) 103.91 (4.87) 105.43 (4.81)
Fruit drinks 134.68 (6.78) 144.47 (6.80) 169.44 (6.71)

ap or bottled water and alcohol were excluded in the analyses.
Sweetened carbonated soft drinks; excludes diet or low-calorie carbonated beverages o
Artificially sweetened carbonated soft drinks, diet or low calorie.
Whole, low-fat, skim milk, non-fat dry milk from powder, buttermilk, chocolate milk
rink; Instant Breakfast, coconut milk, soy milk, yogurt drink.
Coffee, caffeinated or decaffeinated, brewed or instant, cappuccino, postum, internatio
r artificial sweetener, herbal tea; excludes coffee-flavored breakfast or diet drinks.
Fruit or vegetable juice; bottled, canned, fresh, frozen, sweetened or unsweetened; fru
Sweetened non-carbonated fruit-flavored drinks, punches, or ades, bottled, canned, fro
uring the course of the study, except for modest increases at i

orrelates Of Beverage Intake In Adolescent Girls: The National Heart,
ung, And Blood Institute Growth And Health Study
isits 4 and 8; in contrast, black girls’ intake of fruit drinks
ncreased at a much greater rate between visits 3 and 10 (ages
1.5-18.6 years). On average, black girls consumed less cof-
ee/tea than white girls did. White girls’ intake of coffee/tea
id not increase between visits 1 and 4 (ages 9.5-12.5 years),
ut it increased steadily after visit 4. Black girls’ intake of
offee/tea also increased after visit 4, but to a lesser extent
han among white girls.

Table II shows the estimated effects of beverage intake
n each of the outcomes. Only soda intake was associated
ith BMI (chi-square(1) � 4.62, P �.05).

Consumption of beverages was associated with an in-
rease in average daily caloric intake (chi-squares(1) � 49.95-
072.68, P values �.0001).

Drinking milk, soda, fruit drinks, or coffee/tea was
ssociated with increased average daily sucrose consumption
chi-squares (1) � 5.85-469.34, P values �.05). In contrast,
iet soda consumption was associated with a significant de-
rease in average daily sucrose intake (chi-square(1) � 6.63, P
.01). Fruit juice consumption was not associated with av-

rage daily sucrose intake. Drinking soda, fruit juice, or fruit
rinks was strongly associated with increased average daily
ructose consumption (chi-squares(1) � 7809.30-13752.38, P
alues �.0001), whereas drinking milk or coffee/tea was
ssociated with decreased average daily fructose intake (chi-
quares(1) � 22.79 and 8.25, respectively; P values �.05).
iet soda intake was not associated with average daily fruc-

ose. All beverages except diet soda were associated with
ncreased intake of average daily total sugar intake (chi-
quares(1) � 213.98-5300.18, P values �.0001). Diet soda
onsumption was not associated with average daily total sugar

h type of beverage (in grams), by race and visit

an age in years at visit)

12.5) 5 (13.5) 7 (15.5) 8 (16.5) 10 (18.6)

6 (9.32) 242.12 (9.13) 274.48 (9.74) 329.70 (9.90) 377.02 (9.09)
0 (5.09) 52.65 (4.99) 71.48 (5.32) 72.63 (5.41) 81.86 (4.96)
7 (8.12) 306.28 (7.96) 290.20 (8.49) 262.24 (8.63) 241.99 (7.92)
5 (3.88) 27.90 (3.80) 53.31 (4.06) 67.44 (4.12) 105.60 (3.78)
0 (5.56) 120.58 (5.45) 124.81 (5.81) 119.38 (5.91) 128.68 (5.42)
9 (4.94) 84.41 (4.84) 80.26 (5.17) 96.92 (5.25) 87.16 (4.82)
6 (8.33) 299.41 (8.13) 326.06 (8.79) 347.19 (8.73) 338.48 (8.11)
8 (1.86) 8.59 (1.81) 10.21 (1.96) 8.65 (1.95) 9.46 (1.81)
4 (5.68) 160.30 (5.55) 150.45 (6.00) 147.57 (5.96) 144.62 (5.53)
6 (2.77) 23.03 (2.70) 29.08 (2.92) 41.11 (2.90) 46.84 (2.69)
2 (5.16) 110.02 (5.03) 115.38 (5.44) 105.80 (5.41) 119.81 (5.02)
7 (7.19) 159.73 (7.02) 212.74 (7.59) 202.34 (7.54) 204.41 (7.00)

r.

oa, evaporated milk, milkshakes; excludes chocolate-flavored drink, strawberry-flavored

ees, tea, caffeinated or decaffeinated, brewed or instant tea mixes with or without sugar

ars.
xcludes artificially sweetened non-carbonated drinks, sports drinks.
eac
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Milk consumption and, to a lesser extent, diet soda
onsumption were associated with increased average daily
alcium intake (chi-squares(1) � 73.35 and 10000.65, respec-
ively; P values �.0001). In contrast, consumption of regular
oda, fruit drinks, or coffee/tea was associated with significant
ecreases in average daily calcium intake (chi-squares(1) �
.46-94.17, P values �.05). Finally, fruit juice was not asso-
iated with average daily calcium intake.

DISCUSSION
Our study examined changes in beverage consumption

rom childhood (age 9/10 years) to late adolescence (age
8/19 years) in a large cohort of black and white girls. We
ound that beverage intakes changed considerably with time,
lthough for all beverages except fruit juice the magnitude or
pecific timing of these age-related changes varied by race. In
oth black and white girls, consumption of milk decreased by
25% during the course of the study. The decline in milk

ntake during adolescence has been reported in previous stud-
es1,8 and may reflect a decrease in breakfast consumption 1 or
ncreased intake of meals away from home.18 Lower milk
ntakes in black compared to white children have been found
n other studies 4,5 and may, in part, be a function of a higher
revalence of lactose intolerance in black children.19

Consistent with previous studies,1,4,5 we found a very
trong association between milk intake and calcium intake.
hat many girls drink less milk as they get older and, conse-
uently, have reduced calcium intake, is highly problematic,
ecause adolescence is a critical period for accumulating peak
one mass.20 Moreover, calcium intake has a protective effect
f reducing risk for hypertension.21

By far the greatest changes with time were found for
oda intakes (both regular and diet). Consumption of regular
oda increased almost 3-fold during the course of this 10-year
tudy. In both groups, regular soda intake moved from second
lace at the youngest age level (albeit in a virtual tie with fruit

uice among black girls) to first place at the oldest age level.
ther studies have shown that in adolescent girls, regular

oda intake is considerable2,3 and may be the result of sodas

able II. Relationship among beverage consumption
ndex and average daily intake of total energy, sucro

Outcomes

Beverage p

Milk Regular soda

MI �0.002 (0.006) 0.011 (0.005)*
aily energy (kcal) 96.4 (2.2)¶ 81.5 (1.7)¶

aily sucrose (g) 0.2 (0.1)* 0.6 (0.1)¶

aily fructose (g) �0.15 (0.03)¶ 3.99 (0.03)¶

aily total sugar (g) 4.3 (0.1)¶ 7.8 (0.1)¶

aily calcium (mg) 103.1 (0.8)¶ �7.0 (0.7)¶

arameter estimates were derived from mixed models with outcomes as the dependent
otal caloric intake (in all models except that with caloric intake as the dependent varia
he estimates are interpreted as the predicted change in the outcome for each addition
ikelihood ratio test: * P � .05, † P � .01, ‡ P � .001, ¶ P � .0001 (H0: parameter es
ften being served with fast foods.18 Our data showed that for c

86 Striegel-Moore et al
very 100 g of soda consumed, the average daily total caloric
ntake increased by about 82 calories. Although 100 g of soda
as only 41 kcal, this finding suggests consumption of soda
ay be related to other eating habits resulting in additionally

igher calorie intake than the intake attributable to soda.
fforts to decrease soda intake may be most successful when

hey are undertaken in the context of efforts to decrease
onsumption of fast-food meals.2

Soda consumption also was associated with a considerably
ecreased intake of calcium, as has been shown in some 8 but not
ll studies.4,5 Decreased calcium intake, in turn, may contrib-
te to the risk for obesity through the effects of calcium on fat
bsorption or the regulation of lipogenesis and lipolysis within
dipocytes.22

Finally, BMI increased by 0.01 unit for every 100 g of
egular soda consumed. This represents a small increase in
MI; however, this increase was above and beyond the impact
f total caloric intake on BMI. Other studies also have shown
ositive associations between sugar-added drink (combining
odas, fruit drinks, and sweetened tea or coffee) intake23 or
ntake of regular soda and weight gain.9 The longer-term
ffect of soda consumption in adolescence on BMI and
eight requires further study, because emerging evidence

uggests that increased consumption of high-fructose corn
yrup in beverages may influence obesity risk through in-
reased energy intake and hepatic lipogenesis.24

Across all ages, white girls consumed more diet soda
han black girls, and black girls consumed more fruit drinks
han white girls. We speculate that the choice of diet soda in
hite girls may reflect their greater drive for thinness, relative

o black girls.25 The unexpected finding of a positive associ-
tion between diet soda consumption and calcium intake
ossibly reflects that girls who drank diet soda were diet-
onscious, which may have led them to consume more cal-
ium in a variety of forms (not just milk or fruit juices
ontaining calcium, because the models controlled for other
everages).

Overall, coffee/tea intake was very low, suggesting
hat these are not widely chosen beverages among adoles-

units of 100 g/day) and outcomes of body mass
uctose, total sugars, and calcium

eter estimate (Standard Error)

t soda Fruit juice Fruit drinks Coffee/tea

0 (0.013) 0.005 (0.007) 0.009 (0.007) 0.005 (0.013)
.1 (4.1)¶ 81.3 (2.7)¶ 81.3 (2.3)¶ 46.3 (4.3)¶

.5 (0.2)† 0.2 (0.1) 2.3 (0.1)¶ 3.8 (0.2)¶

1 (0.06) 4.89 (0.04)¶ 3.43 (0.03)¶ �0.18 (0.06)†

.3 (0.2) 9.4 (0.1)¶ 8.9 (0.1)¶ 3.4 (0.2)¶

.7 (1.6)¶ 1.7 (1.1) �2.3 (0.9)* �6.7 (1.7)‡

e, controlling for the consumption of the other types of beverages, site, visit, race, and

g of a given beverage consumed per day.
� 0).
(in
se, fr

aram

Die

�0.01
29

�0
�0.0
�0
13

variabl
ble).
ent girls. Drinking tea or coffee was associated with
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ncreased average daily sucrose and total sugar intake,
erhaps because sugar enhances the palatability of these
everages. Coffee/tea intake also was associated with
reater average daily total energy intake, an effect that may
ave been driven by consumption of popular coffee bever-
ges (eg, latte), which are high in calories.26

Several limitations need to be considered. As is typical
or epidemiological studies, dietary information was based on
elf-report and may therefore be subject to recall errors or
nder-reporting. Before data entry, food was reduced into
ain ingredients, making it impossible to relate beverage to

onsumption of specific foods or type of meals (eg, fast food).
ecause the NGHS started out with a limited age range of 9-

o 10-year-old children and did not collect food diaries in
very year, it was not possible to report beverage consumption
or each age. Finally, although demographically diverse in
erms of geographic location and socioeconomic status, the
GHS is not a national sample of girls. Therefore, no infor-
ation was available on ethnic minority groups such as His-

anic populations. These limitations are offset by several
trengths, such as the large number of black girls, low dropout
ate, and availability of 3 days of food intake data.

Our findings suggest that public health efforts are
eeded to promote healthful beverage choices and decreased
oda consumption in adolescent girls to positively influence
ealth outcomes. A concerted effort will be required by gov-
rnmental institutions, schools,27 parents, and producers of
utritious beverages to counteract the strong influence of the
toxic food environment”28 in promoting sugar-sweetened
nd diet beverages.

cknowledgments available at www.jpeds.com.
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