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ABSTRACT

Background: Consumption of liquid calories from beverages has
increased in parallel with the obesity epidemic in the US popula-
tion, but their causal relation remains unclear.

Objective: The objective of this study was to examine how changes
in beverage consumption affect weight change among adults.
Design: This was a prospective study of 810 adults participating in
the PREMIER trial, an 18-mo randomized, controlled, behavioral
intervention trial. Measurements (weight, height, and 24-h dietary
recall) were made at baseline, 6 mo, and 18 mo.

Results: Baseline mean intake of liquid calories was 356 kcal/d
(19% of total energy intake). After potential confounders and in-
tervention assignment were controlled for, a reduction in liquid
calorie intake of 100 kcal/d was associated with a weight loss of
0.25 kg (95% CI: 0.11, 0.39; P < 0.001) at 6 mo and of 0.24 kg
(95% CI: 0.06, 0.41; P = 0.008) at 18 mo. A reduction in liquid
calorie intake had a stronger effect than did a reduction in solid
calorie intake on weight loss. Of the individual beverages, only
intake of sugar-sweetened beverages (SSBs) was significantly asso-
ciated with weight change. A reduction in SSB intake of 1 serving/d
was associated with a weight loss of 0.49 kg (95% CI: 0.11, 0.82;
P = 0.006) at 6 mo and of 0.65 kg (95% CI: 0.22, 1.09; P = 0.003)
at 18 mo.

Conclusions: These data support recommendations to limit liquid
calorie intake among adults and to reduce SSB consumption as
a means to accomplish weight loss or avoid excess weight gain.
This trial was registered at clinicaltrials.gov as NCT00000616.
Am J Clin Nutr 2009;89:1299-306.

INTRODUCTION

It has been projected that 75% of US adults will be overweight
or obese by 2015 (1). One factor contributing to this obesity
epidemic may be an increased dietary energy intake from bev-
erages. Today, Americans consume 150-300 more calories per
day than they did 30 y ago, and caloric beverages account for
~50% of this increase (2, 3). Energy intake from beverages
currently represents 21% of total daily energy intake in the
general American population (4). Evidence from short-term
human studies suggests that calories consumed in liquid form
(ie, liquid calories) have weak satiety properties and elicit poor
energy compensation compared with calories from solid foods
(ie, solid calories) (5-8). These results suggest that an increase
in consumption of liquid calories may result in weight gain, and,
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conversely, that a reduction in liquid calorie intake may lead to
weight loss. However, there is a scarcity of strong scientific
evidence supporting these hypotheses, particularly from long-
term prospective studies. This paucity of evidence has impeded
policymaking.

The type of beverage may also influence body weight. For
sugar-sweetened beverages (SSBs), some longitudinal studies
suggest a positive association between consumption and body
weight (9—14). However, many of these studies either failed to
control for important confounding factors, such as physical ac-
tivity, or used unreliable dietary assessment methods. Likewise,
recent reviews on the topic had reached different conclusions:
2 (15, 16) proposed that the consumption of SSBs was positively
associated with body weight, whereas 6 others (17-20) con-
cluded that there was insufficient evidence. Some studies sug-
gest that milk intake may aid voluntary weight loss (21-24),
whereas others found the opposite effect or no effect (25-30).

The objectives of the present study were to determine /) how
changes in liquid calorie intake affect body weight, 2) whether
liquid calories are more obesogenic than are solid calories, and
3) how changes in consumption of specific beverages affect
body weight among adults.
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SUBJECTS AND METHODS

Study population

PREMIER is a completed, 18-mo multicenter randomized trial
designed to test the blood pressure—lowering effects of 2 mul-
ticomponent behavioral interventions in adults with pre-
hypertension or stage 1 hypertension (a systolic blood pressure of
120-159 mm Hg and a diastolic blood pressure of 80-95 mm
Hg). The cohort consisted of 810 men and women aged 25-79 y,
recruited from 4 study centers (Baltimore, MD, Baton Rouge,
LA, Durham, NC, and Portland, OR). Individuals who used
antihypertensive medications, weight-loss medications, or oral
steroids routinely were excluded. Other exclusion criteria in-
cluded diabetes, a history of a cardiovascular event, congestive
heart failure, current symptoms of angina or peripheral vascular
disease by Rose Questionnaire, cancer diagnosis or treatment in
past 2 y (except for nonmelanoma skin cancer), renal in-
sufficiency, or a psychiatric hospitalization within the past 2 y.
Detailed information regarding the study methods and main
results can be found in our previous publications (31, 32). Eli-
gible participants were randomly assigned to 1 of 3 groups: (A)
an “Advice Only” comparison group that received information
but no behavioral counseling on weight loss, increased physical
activity, sodium reduction, and the DASH (Dietary Approaches
to Stop Hypertension) dietary pattern (33); (B) a behavioral
intervention group, termed ‘‘Established,” that received coun-
seling on how to lose weight, increase physical activity, and
reduce sodium intake; or (C) a behavioral intervention group,
termed “‘Established Plus DASH,” that received counseling on
the same lifestyle goals as the Established group along with
counseling on the DASH dietary pattern. The weight-loss ap-
proaches in the Established group focused on increased physical
activity and reduced energy intake. In contrast, the weight-loss
approach in the Established Plus DASH group focused on in-
creased physical activity, reduced energy intake, and substitution
of fruit and vegetables for high-fat, high-calorie foods. Except
for the advice to increase the intake of low-fat dairy products in
the Established Plus DASH group, no other advice regarding
beverage consumption was given to any of the groups. Re-
garding the contact pattern, participants in the Advice Only
group received two 30-min individual advice sessions, one at
randomization and the other after the 6-mo data collection. Both
the Established and Established Plus DASH groups received
behavioral interventions derived from the social cognitive theory.
The intervention format and contact pattern of the 2 groups were
identical: 14 group meetings were conducted weekly in the initial
14 wk; 6 group meetings were conducted every other week plus
a single individual session in the next 14 wk; monthly group
meetings and 3 quarterly individual counseling sessions were
conducted in the last 48 wk. The PREMIER study was conducted
from January 2000 through November 2002. All 810 study par-
ticipants enrolled at baseline were included in this analysis.

Measurement of dietary and beverage intake

Dietary intake was measured by unannounced 24-h dietary
recall conducted by telephone interviews. Two recalls (one on
a weekday and the other on a weekend day) per participant were
obtained at baseline and at 6 and 18 mo. A multiple-pass
technique and portion size estimation aids were used. Intakes of
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nutrients and food groups were calculated by using the Nutrition
Data System for Research, version NDS-R 1998 (University of
Minnesota, Minneapolis, MN).

We divided beverages into 7 categories based on calorie
content and nutritional composition: /) SSBs (regular soft
drinks, fruit drinks, fruit punch, or any other high-calorie bev-
erage sweetened with sugar), 2) diet drinks (diet soda and other
“diet” drinks sweetened with artificial sweeteners), 3) milk
(whole milk, 2% reduced-fat milk, 1% low-fat milk, and skim
milk), 4) 100% juice (100% fruit and vegetable juice), 5) coffee
and tea with sugar (CTS: coffee and tea sweetened with sugar),
6) coffee and tea without sugar (CT: unsweetened coffee and tea
or coffee and tea sweetened with artificial sweeteners), and 7)
alcoholic beverages (beer, wine, spirits, and other alcoholic
drinks). Each participant’s daily nutrient, energy, and beverage
intakes were calculated by taking the average of 2 recalls per
time point. Liquid calorie intake was calculated as the sum of
calories from the 7 beverage categories. Solid calorie intake was
calculated by subtracting liquid calories from total calories.

Measurement of outcomes and covariates

Weight and height were measured with a calibrated scale and
a wall-mounted stadiometer while the subjects were wearing light
clothing and no shoes. Fitness was assessed using a 2-stage
10-min submaximal treadmill stress test and defined as the heart
rate (beats/min) at a fixed workload (stage 2). Physical activity
(estimated energy expenditure; in kcal - kg~ ' - d ') was assessed
by using a 7-d diet recall questionnaire (34). Other data, such as
age, sex, race-ethnicity, income, education, employment, mar-
riage status, and smoking habits were collected at baseline.

Statistical analysis

All statistical analyses were performed by using STATA
version 9.0 (Stata Corp, College Station, TX). Statistical sig-
nificance was set at P < 0.05 (2-tailed). The analyses were
conducted by combining all participants and adding intervention
assignment as a covariate in all models.

TABLE 1
Baseline characteristics of the PREMIER participants (n = 810)
Characteristic
Age (y) 50.0 + 8.9/
Female (%) 61.7
Race (%)

African American 34.4

Non-Hispanic white 64.2

All others 1.4
Education, college degree or above (%) 57.2
Household income >$45,000/y (%) 70.0
Marital status, married (%) 65.2
Current smoking (%) 4.8
Fitness (heart rate/min) 130.5 = 14.5
Physical activity (kcal - kg~' - d™") 337 €29
Body weight (kg) 952 = 18.8
BMI (kg/m?) 33.1 5.8
BMI classification (%)

Normal weight, BMI < 25 kg/m? 5.4

Obese, BMI > 30 kg/m? 65.2

"Mean =+ SD (all such values).
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TABLE 2
Mean beverage consumption at baseline, 6 mo, and 18 mo by PREMIER participants’

Time
Beverage intake Baseline 6 mo 18 mo P for trend?
Liquid calories
Absolute amount (kcal/d) 355.6 + 236.8 307.9 + 244.6° 293.9 + 210.3° <0.001
Total energy intake (%) 19.0 = 11.5 18.6 = 14.3 173 = 11.22 0.002
Individual beverage type (mL/d)

SSBs 310.5 £ 354.8 140.0 = 298.7° 227.7 + 301.6° <0.001
Diet drinks 331.2 + 414.0 278.0 + 366.7° 381.5 *+ 440.6° 0.003
Milk 94.6 = 183.3 150.8 + 283.9° 100.5 = 177.4 0.43
100% Juice 139.0 *= 201.1 183.3 + 307.5° 133.1 = 176.4 0.58
CTS 183.3 £ 301.6 165.6 + 356.0° 140.0 + 266.1° <0.001
CT 162.6 + 289.8 174.5 = 103.5 1212 + 194.1° <0.001
Alcoholic beverages 100.5 * 248.4 97.6 = 221.8 91.7 = 218.8 0.31
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! Values are means = SDs. SSBs, sugar-sweetened beverages; CTS, coffee and tea with sugar; CT, coffee and tea

without sugar.

2 Test for time trend was performed by using the generalized estimating equation model with beverage consumption

regressed on time.

7 Significantly different from baseline, P < 0.05 (paired ¢ test).

The 2 main exposures of interest were /) changes in con-
sumption of liquid calories and 2) changes in consumption of
individual types of beverages, each assessed from baseline to 6
and 18 mo separately. Key outcome variables were weight
changes from baseline to 6 and 18 mo. For the primary analysis,
exposure and outcome variables were modeled as continuous
variables. Additional analyses with exposures modeled as cate-

TABLE 3

gorical variables were carried out to assess the patterns of dose
response. In model 1, changes in consumption of solid and
liquid calories were simultaneously included with adjustments
for baseline age, sex, race, income, education, marital and
employment status, body mass index (BMI; in kg/m?) status,
intervention allocation, and concurrent changes in fitness and
physical activity. In model 2 the primary exposure variable was

Longitudinal associations between changes from baseline (A) in beverage consumptions and in weight at 6 and 18 mo’

ABody weight (kg/unit exposure)

6 mo 18 mo
Exposure Pr 95% CI P Pr 95% CI P
Model 1°
ALiquid calories (100 kcal/d) 0.25 0.11,0.39 <0.001 024 0.06, 0.41  0.008
ASolid calories (100 kcal/d) 0.06 0.002,0.14 0.04 0.09 0.005, 0.16 0.003
Model 2°
APercentage of liquid calories in total calories (%) 0.04 0.01, 0.06 0.005 0.02 —-0.01,0.06 0.2
Model 37
Beverage category (1 serving/d)’
ASSBs 049 0.11, 0.82 0.006  0.65 0.22, 1.09 0.003
ADiet drinks -0.27 —0.60, 0.05 0.11 —-038 —0.22,0.01 0.06
AMilk 0.16 —0.27, 0.60 0.48 0.11  —=0.76, 1.03 0.79
AJuice —-0.05 —0.44,0.27 0.71 0.005 —0.65,0.65 0.99
ACTS —0.16 —0.49,0.22 042 —0.11 -—0.54,038 0.73
ACT 0.22 —0.12, 0.65 0.25 0.33 —0.93,0.33 0.31
AAlcoholic beverages —-0.38 —0.82, 0.05 0.10 —-049 —1.03,0.08 0.93

1 Pr, regression coefficient; SSBs, sugar-sweetened beverages; CTS, coffee and tea with sugar; CT, coffee and tea

without sugar.

2 Changes in liquid and solid calories were simultaneously included in the model, adjusted for baseline sex, race, age,
income, education, marital and employment status, BMI status, intervention group, and concurrent change in fitness and

physical activity.

? Liquid calorie intake was expressed as a percentage of calorie intake [(liquid calories/total calories) X 100], adjusted
for baseline sex, race, age, income, education, marital and employment status, BMI status, intervention group, and

concurrent change in fitness and physical activity.

4 Changes in all beverages were simultaneously included in the model, adjusted for baseline sex, race, age, income,
education, marital and employment status, BMI status, intervention group, concurrent change in fitness, physical activity,

and total calorie intake.
° One serving = 12 fl oz, or 355 mL.
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percentage of liquid calories, and the model was adjusted for the
same covariates as in model 1. In model 3, we assessed the role
of individual beverages by including each type of beverage; in
this model, we adjusted for total energy intake and the covariates
included in model 1. Additional adjustment for smoking status
(never, past, or current) and dietary factors such as fat and
carbohydrate intakes and energy density did not change the re-
sults. Therefore, these variables were not included in the final
models. Missing values were not imputed in primary analyses.
In sensitivity analyses, we used the baseline observation carried
forward method to assess the effect of missing values on study
results. The study protocol was approved by the institutional
review boards of each of the participating centers and was
monitored by an external data safety committee.

RESULTS

Baseline characteristics and retention to follow-up

The baseline characteristics of the participants are shown in
Table 1. There were 62% women and 34% African Americans,
with an average age of 50 y. Fifty-seven percent of participants
had college degrees or above, 65% were married, and 70% had
a household income >$45,000/y. Most of the participants were
current nonsmokers (95%), 29% were overweight (BMI: 25—
29.9), and 65% were obese (BMI > 30). At 18 mo, 94% of the
participants had a weight measurement, and 90% had at least
one dietary recall.

TABLE 4
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Beverage consumption and changes in body weight during
follow-up

The mean (£SD) body weight was 95.2 * 1.8 kg at baseline,
91.2 £ 189 kg at 6 mo, and 91.7 = 19.7 kg at 18 mo. Across all
groups, the mean (£SD) weight loss was 3.5 = 5.2 kg at 6 mo and
3.0 = 6.1 kg at 18 mo.

The consumption of beverages at baseline and at 6 and 18 mo
is shown in Table 2. The mean liquid calorie intake at baseline
was 355.6 kcal/d, or 19.0% of the total caloric intake. At baseline,
SSBs were the leading source of liquid calories (131.1 kcal/d,
37% of liquid calories), followed by 100% juice (60.5 kcal/d),
alcoholic beverages (52.4 kcal/d), CTS (46.5 kcal/d), milk (42.5
kcal/d), CT (16.2 kcal/d), and diet drinks (6.4 kcal/d). There was
a decrease in liquid calorie intake during follow-up.

At baseline, the most-consumed beverages by volume were
diet drinks (331.2 mL/d), followed by SSBs (310.5 mL/d), CTS
(183.3 mL/d), CT (162.6 mL/d), 100% juice (139.0 mL/d), al-
coholic beverages (100.5 mL/d), and milk (94.6 mL/d). Signif-
icant changes in beverage consumption were observed at 6 and
18 mo, and the changes varied by beverage type and time. At
6 mo, the consumption of SSBs, diet drinks, and CTS decreased
significantly; of juice and milk increased; and of CT and alcoholic
beverages did not change. From baseline to 18 mo, the con-
sumption of SSBs, CTS, and CT decreased; of diet drinks in-
creased; and of milk, juice, and alcoholic beverages did not
change. We also performed a test of trend for each beverage
category across the 3 time points. Overall, consumption of SSBs,

Longitudinal associations between changes from baseline (A) in beverage consumption (exposure) and in body weight
(exposure) by race, sex, baseline BMI status, and age group among participants in the PREMIER study’

ABody weight (kg/unit exposure)

3

Race’ Sex” Baseline BMI status® Age
Exposure White Black Men Women <30 kg/m* >30 kg/m? <50y >50y
ALiquid calorie
intake
(100 keal/d)
6 mo 0.21° 0.37° 0.22° 0.30° 0.24° 0.26° 0.22° 0.24°
18 mo 0.19 0.53° 0.22 0.29° 0.19 0.29° 0.28° 0.35°
ASolid calorie
intake
(100 keal/d)
6 mo 0.07 0.05 0.05 0.05° 0.04 0.06 0.04 0.02
18 mo 0.11° 0.05 0.05 0.12° 0.07 0.08 0.05 0.08
ASSBs
(servings/d)7
6 mo 0.38° 0.59° 0.27 0.70° 0.22 0.59° 0.48° 0.24
18 mo 0.81° 0.54 0.38 1.08° 0.43 1.08° 0.60 0.72°

7 SSBs, sugar-sweetened beverages. A likelihood ratio test was used to test for interactions.

2 Test for interaction between race and liquid calories was not significant (P = 0.6 at 6 mo and 0.2 at 18 mo).
3 Test for interaction between sex and SSB intake was not significant (P = 0.2 at 6 mo and 0.2 at 18 mo).

4 Test for interaction between BMI and SSB intake was not significant (P = 0.08 at 6 mo and 0.06 at 18 mo).
2 Test for interaction between age and SSB intake was not significant (P = 0.3 at 6 mo and 0.9 at 18 mo).

6 p<0.05.

7 Changes in liquid and solid calories were simultaneously included in the model, adjusted for baseline sex, race, age,
income, education, marital and employment status, BMI status, intervention group, and change in fitness and physical
activity. Change in all beverages were simultaneously included in the model, adjusting for baseline sex, race, age, income,
education, marital and employment status, BMI status, intervention group, and change in fitness, physical activity and total

calorie intake. One serving = 12 fl oz, or 355 mL.
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CTS, and CT decreased with time, whereas the consumption of
diet drinks increased.

Association between beverage consumption and weight loss

The longitudinal associations between changes in body weight
and in intakes of liquid calories, solid calories, and individual
beverages are shown in Table 3. We also examined these as-
sociations in cross-sectional analyses and found them similar to
those in the longitudinal analyses (data not shown).

Change in consumption of liquid and solid calories and
change in body weight

When both liquid and solid calories were included in the
analysis (model 1), changes in these variables were significantly
and positively associated with weight change. A reduction of
100 kcal/d in liquid calorie intake was associated with 0.3 kg of
weight loss (95% CI: 0.1, 0.4; P < 0.001) at 6 mo and of 0.2 kg
(95% CI: 0.06, 0.4; P = 0.008) at 18 mo. A reduction in solid
calorie intake by 100 kcal/d was associated with a 0.06-kg
weight loss (95% CI: 0.002, 0.14; P = 0.04) at 6 mo and of
0.09 kg (95% CI: 0.005, 0.16; P = 0.003) at 18 mo. A reduction
in liquid calorie intake had a stronger effect on weight loss than
did a reduction in solid calorie intake, but the difference was
statistically significant only at 6 mo (P value for the test of
Priquia — Psotia > 0 was 0.006 at 6 mo and 0.09 at 18 mo). This
finding was also supported by the results from model 2 (Table
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3). A reduction in the percentage of liquid calories from total
calories by 1% was associated with a weight loss of 0.04 kg
(95% CI: 0.01, 0.06; P = 0.005) at 6 mo and of 0.02 kg (95%
CI: —0.01, 0.06; P = 0.2) at 18 mo. We further conducted
a stratified analyses based on participants’ race (white or black),
sex (male or female), baseline BMI (<30 or >30), or age group
(<50 or >50 y). The results are shown in Table 4. Liquid
calories apparently had a stronger effect on weight loss in blacks
than in whites; however, there was no evidence to suggest that
the difference was statistically significant (P for interaction =
0.6 at 6 mo and 0.8 at 18 mo).

Consumption of individual beverages and change in body
weight

In another model (model 3), in which the exposures were
individual beverages, only the change in consumption of SSBs
was significantly associated with weight change at both 6 and
18 mo. A reduction in SSBs by 1 serving/d (355 mL, orl2 fl oz)
was associated with a weight loss of 0.5 kg (95% CI: 0.1,0.8; P =
0.006) at 6 mo and of 0.7 kg (95% CI: 0.2, 1.1; P = 0.003) at
18 mo. Changes in the consumption of diet drinks and alcoholic
beverages were inversely associated with weight loss, both at 6
and 18 mo, but were not statistically significant. None of the
other beverage types was significantly associated with weight
change at follow-up (Table 3). In the stratified analyses, the
positive association between SSB consumption and weight loss

Tertile of change in liquid calorie intake at 6 months

0 f

| |

1st

Change inbody weight (kg)
IS

2nd 3¢d

Tertile of change in liquid calorie intake at 18 months

1st

Change inbody weight (kg)
&

2nd 3rd

FIGURE 1. Model-adjusted mean weight change and 95% CIs (6 mo — baseline) by tertile of 6-mo liquid calorie intake change and 18-mo weight change
(18 mo — baseline) by tertile of 18-mo liquid calorie intake change. At 6 mo, the median change in liquid calorie intake was —271 kcal/d in the first tertile,
—47 keal/d in the second tertile, and 169 kcal/d in the third tertile. At 18 mo, the corresponding change in liquid calorie intake in each tertile was —267, —48,
and 138 kcal/d, respectively. Models were adjusted for baseline age, sex, race, education, income, BMI status, intervention groups, concurrent change in
fitness, physical activity, and solid calorie intake (test for trend was conducted by Wilcoxon’s rank-sum test).
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was also consistent across each strata. No test for interaction
was statistically significant (Table 4).

Change in body weight and change in consumption of
liquid calories and SSBs

We examined dose-response patterns for body weight and
changes in consumption of liquid calories and SSBs by dividing
participants into tertiles based on their 6- or 18-mo change in
consumption of liquid calories or SSBs (persons in the first tertile
had the greatest reduction). We calculated the model-adjusted
mean change and 95% Cls in body weight for participants in each
tertile.

Liquid calories

At both 6 and 18 mo, participants in the first tertile had
a greater mean weight loss (6-mo change: 0.8 kg, P = 0.006;
18-mo change: 1.5 kg; P < 0.001) than did those in the third
tertile (Figure 1). A significant dose-response trend between
change in body weight and change in liquid calorie intake was
observed for both the 6-mo change (P = 0.01) and the 18-mo
change (P < 0.001).

SSBs

At both 6 and 18 mo, participants in the first tertile had
a greater mean weight loss than did those in the second (6-mo
change: 0.7 kg; P = 0.006; 18-mo change: 1.6 kg; P < 0.001)
and third (6-mo change: 2.4 kg; P < 0.001; 18-mo change: 3.6
kg; P < 0.001) tertiles (Figure 2). A significant dose-response
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trend between change in body weight and change in SSB in-
take was observed at both 6 mo (P < 0.001) and 18 mo (P <
0.001).

Sensitivity analysis

During the follow-up, 1 participant began antihypertensive
drug treatment between 3 and 6 mo, 4 participants began anti-
hypertensive drug treatment between 12 and 18 mo, and 6 and 9
participants began insulin/hypoglycemic drug treatment by the 6
and 18 mo visits, respectively. Exclusion of these individuals
from our analyses did not change the results. We also applied the
baseline observation carried forward method to check the po-
tential influence of missing values. The differences between
estimates with and without imputation were very small. For
example, the f regression coefficient for change in one serving
of SSB consumption at 6 mo was 0.489 (kg/d) without impu-
tation and 0.485 (kg/d) with imputation.

DISCUSSION

Four principal findings emerged from our study. First, a re-
duction in liquid calorie intake was significantly associated with
weight loss at both 6 and 18 mo. Second, the weight-loss effect of
a reduction in liquid calorie intake was stronger than that of
a reduction in solid calorie intake. Third, a reduction in SSB
intake was significantly associated with weight loss at both 6 and
18 mo. Fourth, no other beverage type was associated with weight
change. On average, a reduction in liquid calorie intake of

2 -
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FIGURE 2. Model-adjusted mean 6-mo weight change and 95% Cls (6 mo — baseline) by tertile of 6-mo sugar-sweetened beverage (SSB) intake change
and 18-mo weight change (18 mo — baseline) by tertile of 18-mo SSB intake change. At 6 mo, the median change in SSB intake was —479.0 mL/d in the first
tertile, 0 mL/d in the second tertile, and 260.2 mL/d in the third tertile. At 18 mo, the median change in SSB intake in each tertile was —366.7, 0, and 248.3 mL/d,
respectively. Models were adjusted for baseline age, sex, race, education, income, BMI status, intervention group, current change in physical activity, fitness, other
beverages intake, and total calorie intake (test for trend was conducted by Wilcoxon’s rank-sum test).
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100 kcal/d was associated with a 0.3-kg weight loss at 6 mo and
a 0.2-kg weight loss at 18 mo. A reduction in SSB intake of
1 serving/d was associated with a 0.5-kg weight loss at 6 mo and
a 0.7-kg weight loss at 18 mo.

To our knowledge, our study was the first to document the
relative effects of calories from liquids compared with those of
calories from solid food on weight loss in free-living adults over
an extended period, 18 mo. Previously, evidence on this topic
came primarily from animal studies (35-37). The only trial in
humans was a 4-wk crossover study of 15 individuals, in which
weight gain occurred during the liquid load period, but not
during the solid load period (38).

Our study was also one of the few prospective studies to
evaluate the effects of a reduction in SSB consumption on weight
loss. Two trials investigated the effects of a reduction in SSB
intake on weight change in children. Neither reported significant
results, but methodologic issues, including inadequate power,
may hinder their interpretation.

One explanation for the different satiating effects of beverages
and solid foods is the absence of mastication when beverages are
consumed (39). The absence of chewing and swallowing when
ingesting beverages might result in decreased pancreatic exo-
crine and endocrine responses compared with the ingestion
of solid foods. Second, beverages are also emptied from the
stomach at a higher rate than are solids and may induce weaker
signals in the gastrointestinal tract that would lead to inhibition
of further food intake (40).

Another proposed link between SSB consumption and body
weight is related to the high fructose content of SSBs. Long-term
consumption of a large amount of fructose can promote fat
storage and excessive food intake through an increase in de novo
lipogenesis (41) and changes in postprandial hormonal patterns
(42).

There are several possible explanations for why the con-
sumption of other caloric beverages was not associated with
body weight. First, beverages can differ in their effects on satiety
and energy intake (43). It has been proposed that the addition of
protein, fat, or fiber to a beverage enhances satiety, perhaps by
slowing stomach emptying. Milk, for example, might be ex-
pected to have more satiating effects than soft drinks because it
contains protein and fat in addition to carbohydrate (44). Sec-
ond, the effect of individual beverages on weight may also be
mediated by their nutrient composition. For example, studies
have suggested that calcium from milk can favor weight loss by
increasing lipolysis and thermogenesis and by decreasing fatty
acid absorption (45). Third, energy from alcohol can be pref-
erentially oxidized and contribute less to storage energy (46).
Last, it is possible that certain behaviors and/or lifestyle factors
associated with milk, juice, tea, coffee, or alcohol consumptions
play a role in mediating their effects on body weight.

One potential limitation of our study was the focus on indi-
viduals with either prehypertension or stage I hypertension;
however, together, these segments of the population account for
approximately two-thirds of US adults. Second, the study pop-
ulation included few Hispanics and Asians. Strengths of our study
included its longitudinal design, its sample size, its duration, the
availability of six 24-h diet recalls (one from a weekday and one
from a weekend day at each of the 3 time points over 18 mo) to
measure dietary intake, the high rates of retention, and our ability
to evaluate a variety of beverages.

1305

In conclusion, our study supports policy recommendations and
public health efforts to reduce intakes of liquid calories, par-
ticularly from SSBs, in the general population.
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