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Abstract
STOOKEY, JODI D., FLORENCE CONSTANT,
CHRISTOPHER D. GARDNER, AND BARRY M.
POPKIN. Replacing sweetened caloric beverages with
drinking water is associated with lower energy intake.
Obesity. 2007;15:3013–3022.
Objective: Reduced intake of sweetened caloric beverages
(SCBs) is recommended to lower total energy intake. Replacing SCBs with non-caloric diet beverages does not
automatically lower energy intake, however. Compensatory
increases in other food or beverages reportedly negate benefits of diet beverages. The purpose of this study was to
evaluate drinking water as an alternative to SCBs.
Research Methods and Procedures: Secondary analysis of
data from the Stanford A TO Z intervention evaluated
change in beverage pattern and total energy intake in 118
overweight women (25 to 50 years) who regularly consumed SCBs (⬎12 ounces/d) at baseline. At baseline and 2,
6, and 12 months, mean daily beverage intake (SCBs, drinking water, non-caloric diet beverages, and nutritious caloric
beverages), food composition (macronutrient, water, and
fiber content), and total energy intake were estimated using
three 24-hour diet recalls. Beverage intake was expressed in
relative terms (percentage of beverages).
Results: In fixed effects models that controlled for total
beverage intake, non-caloric and nutritious caloric beverage
intake (percentage of beverages), food composition, and
energy expenditure [metabolic equivalent (MET)], replac-
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ing SCBs with drinking water was associated with significant decreases in total energy intake that were sustained
over time. The caloric deficit attributable to replacing SCBs
with water was not negated by compensatory increases in
other food or beverages. Replacing all SCBs with drinking
water was associated with a predicted mean decrease in total
energy of 200 kcal/d over 12 months.
Discussion: The results suggest that replacing SCBs with
drinking water can help lower total energy intake in overweight consumers of SCBs motivated to diet.
Key words: women, weight-reducing diet, energy intake,
dietary intake, longitudinal

Introduction

Sweetened caloric beverages (SCBs),1 mainly soft drinks
and fruit drinks, are thought to promote excess energy
intake (1–7). Ecologic, cross-sectional, prospective, and experimental data indicate positive associations between SCB
intake and total energy intake (1,4,8 –11). In controlled
experiments, SCB intake results in excess energy intake
because individuals do not decrease the amount of food
consumed to compensate for the calories in beverages
(7,12). Presently, U.S. adults obtain over 10% of energy
from SCBs (13). To reduce excess energy intake, decreased
SCB intake is recommended (1,2).
Despite evidence suggesting that increases in SCB intake
increase energy intake, decreases in SCB intake may not
decrease total energy intake. A decrease in SCB intake may
be ineffective if SCBs are replaced with caloric or noncaloric, artificially sweetened beverages. Increases in calories from beverages, such as milk, 100% juice, or diet
beverages with ⬎5 kcal/serving, may cancel out decreases
in SCB calories (6,14). Increases in food intake, associated

1
Nonstandard abbreviations: SCB, sweetened caloric beverage; NDS-R, Nutrition Data
System for Research; NCC, Nutrition Coordinating Center; SD, standard deviation; SE,
standard error.
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Table 1. Beverage intake recommendations in the Atkins, Zone, LEARN, and Ornish diet books
Atkins (26)

Zone (27)

LEARN (28)
Ornish (29)

“You must drink at least eight 8-oz glasses of pure water daily. This can be filtered, mineral, or
spring water (not seltzer). You may also have unlimited amounts of herbal tea (without sugar),
but these do not count toward your total of eight glasses” (p. 230). “Stay away from caffeine
and diet sodas full of aspartame” (p. 251).
“Always drink at least 8 oz of water or a sugar-free decaffeinated beverage with every meal or
snack” (p. 97). Because the diet recommends three small meals and two snacks per day, this
recommendation is equivalent to approximately five 8-ounce glasses of water or sugar-free
decaffeinated beverages per day.
“As a rule of thumb, about 4 cups of water should be consumed for every 1000 calories eaten.
For most adults this is equivalent to about 10 cups (2 1/2 quarts) of water each day” (p. 121).
No drinking water or beverage-specific recommendations listed, except: “It would be wise to limit
how much [sugar] you eat . . . One can of soft drink has ten teaspoons of sugar” (p. 49).

with non-caloric, artificially sweetened beverages, may also
cancel out decreases in SCB calories (15–18).
To fully eliminate excess calories from SCBs, consumers of SCBs may need to replace SCBs with drinking
water. In controlled experiments where SCBs consistently
result in excess energy intake, excess energy is defined
relative to meals paired with drinking water (6,14,19 –24).
Aside from 0 calories, drinking water may differ from other
beverages in terms of content (e.g., sweeteners), palatability, and/or other psychosocial food pairing or behavioral
cues. Because no study has evaluated drinking water instead
of SCB intake as a way to lower total energy intake in
free-living individuals, it remains to be determined whether
caloric benefits of drinking water apply outside the laboratory setting.
This study used data from consumers of SCBs who
participated in the Stanford A TO Z weight loss trial (25) to
test for an association between replacing SCBs with drinking water and decreases in total energy intake. Participants
in the A TO Z trial were asked to follow specific dietary
guidelines but free to choose their own foods and beverages
under naturalistic conditions. Multivariable models were
used to evaluate drinking water, non-caloric beverages, and
nutritious caloric beverages as alternatives to SCB intake.
Data from four time-points over 12 months were used to
determine whether decreases in SCB calories were sustained over time or eventually negated by compensatory
increases in food intake.

Research Methods and Procedures
The Stanford A TO Z study was a clinical weight loss
trial that randomized overweight premenopausal women to
four popular weight loss diets that are publicly available in
book form (25): Dr. Atkins’ New Diet Revolution (26), The
Zone: A Dietary Roadmap (27), The LEARN Program for
3014
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Weight Management 2000 (28), or Eat More, Weigh Less
by Dr. Dean Ornish (29). Study participants attended eight
classes, once per week, to discuss a portion (⬃1/8) of their
assigned diet book. One instructor, a registered dietitian
(M.S., R.D.) taught all four diet classes to minimize the
variability among diet groups. Participants were expected
to master the diet described in their book by the end of the
8 weeks of classes. After the 2 months of classes, study
participants were followed for a period of 10 months. Dietary intake and body composition were recorded before
randomization, after the 2 months of diet classes, and 6 and
12 months after randomization.
The purpose of the A TO Z trial was to compare diets that
differ with respect to macronutrient profile. The Atkins diet
recommends a carbohydrate intake of 20 g/d or less during
the induction phase (for up to 6 months) and intake of 50 g/d
or less during the ongoing weight loss phase. The Zone diet
recommends a 40:30:30 distribution of carbohydrate, protein, and fat intake. The LEARN diet recommends eating
less and exercising more with the help of various behavior
modification strategies. It targets a carbohydrate intake of
55% to 60% of total energy intake with ⬍10% of energy
from saturated fat intake. The Ornish diet recommends
lowering total fat intake to ⱕ10% of total energy intake. All
of the diet books included general advice for all groups to
accumulate ⬃30 minutes of moderate physical activity on
most, preferably all, days of the week.
Although not the focus of the A TO Z intervention, in
addition to differences in macronutrient profile, the diet
books differed in terms of advice about drinking water and
other beverages (see Table 1). No drinking water recommendations are noted for the Ornish program. The present
longitudinal analysis takes advantage of intervention-related
change in beverage intake to test for relationships between
replacing SCBs with drinking water on change in total
energy intake.
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Study Sample
Study participants were recruited primarily from newspaper advertisements published in local newspapers. Interested premenopausal women, 25 to 50 years old, were
invited to attend an orientation if they met the following
criteria: BMI of 27 to 40, willingness to accept random diet
assignment, stable weight over the past 2 months while not
actively on a weight loss program, plans to live in the area
over the next year, and available to participate in the required evaluations and interventions. Additional selection
criteria included adequate English speaking, reading and
writing skills to complete questionnaires and read the
weekly book class assignments, and stable use of medications taken for at least 3 months. Women were excluded if
they self-reported uncontrolled hypertension; type I or II
diabetes; heart, renal, or liver disease; cancer or active
neoplasms; uncontrolled hyperthyroidism; use of medications known to affect weight/energy expenditure; alcohol
intake of 3 or more drinks/d; or psychiatric care. Women
who were postmenopausal (including surgical menopause),
pregnant, lactating, or planning to become pregnant over the
next year were also excluded.
Of the women who met all selection criteria (n ⫽ 311),
131 reported regular intake of SCBs (ⱖ12 ounces/d or ⱖ1
can of soda/d). Of those, 121 attended the diet classes and
had complete dietary intake data for at least two time-points,
baseline and 2 months. The present study sample (n ⫽ 118)
excludes two individuals who self-reported poor general
health and one person with an implausibly low 3-day mean
energy intake (⬍500 kcal/d). Data were available for 118,
110, and 96 persons at the 2-, 6-, and 12-month follow-ups,
respectively. All participants provided written informed
consent. The study was approved by the Stanford University
Human Subjects Committee.
Diet Assessment
Dietary intake data were collected at four time-points, at
baseline and 2, 6, and 12 months. At each time-point,
dietary intake data were obtained using three unannounced,
telephone-administered, 24-hour dietary recalls, collected
on 2 non-consecutive weekdays and 1 weekend day within
a 3-week period. The dietary recalls were collected and
converted to nutrient intake estimates using Nutrition Data
System for Research (NDS-R) software developed by the
Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN [versions 4.05.33 (2002) and
4.06.34 (2003)]. The interviewers were trained and certified
by the NCC in Minneapolis and were either registered
dietitians or R.D. eligible. Study participants were given a
food amounts booklet, provided by NDS, with images of
wedges, circles, thicknesses, glasses, mounds, bowls, and
portions of meat, chicken, and fish to facilitate portion size
estimation. As per the NDS training, the interviewers
probed for intake of drinking water and other beverages.

Each food and beverage consumed was coded separately.
The NDS system has a comprehensive nutrient composition
database of over 18,000 items, including 8000 brand name
foods and many ethnic foods. Foods or beverages that were
not in the database were located, and their caloric and
nutrient content added to the database manually.
Each food and beverage reported was classified as a
food, drinking water, non-caloric (non-water) beverage,
nutritious caloric beverage, or SCB, consistent with NCC
food group codes available in the NDS and beverage groups
of the Beverage Guidance panel (2). The drinking water
group included tap water, bottled spring water, mineral
water, soda water, seltzer water, and unsweetened sparkling
or carbonated waters. The non-caloric beverage group included unsweetened plain teas and coffees, diet sodas, diet
juices, and diet teas and coffees (⬍5 kcal or 21 kJ per
serving). The nutritious caloric beverage group included
100% fruit juices, vegetable juices, milks, and alcohol. The
SCB group included soda pop, soft drinks, sweetened
juices, flavored drinks, sweetened milks, sports drinks,
sweetened coffees, sweetened teas, and cocoa.
Three-day mean daily intakes of drinking water, sweetened caloric, nutritious caloric, and non-caloric beverages
were calculated for each time-point. Beverage intake was
expressed in absolute terms (ounces) and a percentage of
total beverage intake. Three-day mean total energy intake,
food macronutrient (expressed as a percentage of energy),
water, and fiber (grams per 100 grams of food) content were
calculated.
Physical Activity
Information about physical activity was collected at baseline and 2, 6, and 12 months. Physical activity was assessed
using the Stanford Seven-Day Physical Activity Recall interview (30,31). An interviewer probed for the time spent
sleeping and doing moderate, hard, and very hard physical
activity and the intensity and duration of each activity.
Energy expenditure (kilocalories per kilogram per day) was
estimated from the time spent in each activity multiplied by
the metabolic equivalent (1 metabolic equivalent ⫽ 1
kcal/kg per hour) for each activity.
Statistical Analyses
All analyses were carried out using STATA statistical
software (StataCorp LP., College Station, TX). To account
for the A TO Z study design, change in dietary intake was
evaluated over 2 and 12 months. The A TO Z study design
prescribed dietary change over 2 months of diet classes and
diet maintenance over 10 months of follow-up. Except for
an increase in carbohydrate intake (from ⱕ20 to ⱕ50 grams
carbohydrate/d at the end of the induction phase) for the
Atkins group at some point after the 2-month time-point,
dietary change was not prescribed between the 2- and 12month follow-ups.
OBESITY Vol. 15 No. 12 December 2007
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To evaluate change over the 2 months of diet classes, the
bivariate (crude) relationships between change in SCB intake and change in energy intake and change in drinking
water and change in energy intake were described, respectively. A difference model was used to combine the
data and test for an association between replacing SCBs
with drinking water and decreases in total energy intake,
controlling for concurrent changes in other beverage intake, food composition, and energy expenditure. The dependent variable in the difference model was change in energy
intake. The independent variables were all change variables:
change in SCB intake (percentage of beverages), change
in non-caloric beverage intake (percentage of beverages),
change in nutritious caloric beverage intake (% of beverages), change in total beverage intake (ounces), change
in food fat, protein, and carbohydrate content (percentage
of energy), change in food fiber and food water content
(grams per 100 grams food), and change in energy expenditure. In addition to controlling for multiple time-varying
covariates, by allowing each person to act as her own
control, the difference model also powerfully controlled for
all observed and unobserved within-person time-invariant
variables.
The difference model tested for an association between
replacing SCBs with drinking water and decreases in total
energy intake because the SCB, non-caloric beverage, and
nutritious caloric beverage variables were expressed in relative terms (as percentage of total beverage intake). Holding
constant the total ounces of beverages consumed, the proportion of beverages from non-caloric beverages, and the
proportion of beverages from nutritious caloric beverages, a
decrease in the proportion of beverages from SCBs necessarily implies a corresponding increase in the proportion of
beverages from drinking water (the reference category, left
out of the model); see ref. 32 for discussion of models with
variables expressed in relative terms. The difference model
estimated the average within-person change in total energy
intake over 2 months associated with replacing 1 unit of
SCBs (1% of beverages) with drinking water.
To evaluate changes in beverage and total energy intake
over 12 months, a fixed effects model with data from all
time-points was used (xtreg, fe in Stata). The dependent
variable in the fixed effects model was total energy intake.
The independent variables were: SCB intake (percentage of
beverages), non-caloric beverage intake (percentage of beverages), nutritious caloric beverage intake (percentage of
beverages), total beverage intake (ounces), food fat, protein,
and carbohydrate content (percentage of energy), food fiber
and water content (grams per 100 grams food), and energy
expenditure. Like the difference model, with SCB, noncaloric and nutritious caloric beverage intake expressed in
relative terms (percentage of beverages), the fixed effect
model estimated the average within-person change in total
energy intake associated with replacing 1 unit of SCBs
3016
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(1% of beverages) with drinking water. To determine
whether/how the effect of change in SCBs depended on the
choice of referent beverage, the fixed effect model was also
specified with different beverage categories as referent (i.e.,
the non-caloric or nutritious caloric category left out of the
model).
Like the difference model, in addition to controlling for
within-person changes in other beverage intake, food composition, and energy expenditure, the fixed effects model
also powerfully controlled for within-person time-invariant
factors by allowing each individual to act as her own control. Unlike the difference model, which involved data from
only two time-points, the fixed effects model included data
from all four time-points. Any missing data were assumed
missing at random or missing due to unobserved individual
characteristics (controlled in the model).
The fixed effect model estimated the average difference in total energy intake over time associated with replacing 1 unit of SCBs (1% of beverages) with drinking
water. To illustrate the average difference in energy intake
over time associated with replacing multiple units of SCBs
with drinking water, the model was used to predict the
average decreases in energy intake over time (by invoking
model simulations) associated with replacing none, half, or
all SCBs with drinking water, controlling for all covariates
(predict command in Stata). Predictions were generated
using each individual’s observed SCB intake, SCB intake/2,
and SCB ⫺ SCB intake, respectively.
Analogous to experiments on this topic (7,12), the models
in this study controlled the total beverage ounces, the beverage composition, and food composition and allowed
the amount of food consumed to vary. One determinant of
total energy intake must be allowed to vary to avoid a linear
combination of variables that simply sum to total energy
intake (i.e., the amount of beverages consumed ⫻ beverage
composition ⫹ amount of food consumed ⫻ food composition). Based on this model specification, compensatory increases in the amount of food consumed might
cancel out decreases in SCB calories. If replacing SCBs
with drinking water is not associated with lower total energy
intake in this study, then compensatory increases in the
amount of food consumed can be inferred from the
models.
Although the difference and fixed effects models controlled for within-person non-time-varying factors, including intervention diet group (observed and unobserved factors that do not change over time for an individual cancel
out when differenced and drop out of the models) to check
whether observed associations might be attributable to individuals clustered in any particular intervention group, the
fixed effect model was stratified by diet group. A mixed
model (xtmixed) that allowed non-time-varying fixed effects for the intervention diet groups was also fit.
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Figure 1: Intake of SCBs and drinking water at baseline and 2, 6, and 12 months by diet intervention group. Beverage intake data were
available for 118, 118, 110, and 96 persons at baseline and 2, 6, and 12 months, respectively. To convert ounces to grams, multiply by 29.6.

Results
Figure 1 shows SCB and water intake at baseline and 2,
6, and 12 months, stratified by A TO Z diet intervention
group. At baseline SCB and water intake did not differ by
diet group. Between baseline and 2 months, SCB intakes
decreased significantly, and water intakes increased significantly within each diet group. At 2 and 6 months, the
changes in SCB and water intake were significantly greater
for women following the Atkins diet. Intake of non-caloric
beverages did not differ significantly by diet group at any
time-point (data not shown).
Given the similar pattern of beverage intake across diet
groups, the diet groups were combined. Mean beverage,
food, and energy intake for the whole sample at baseline and
2, 6, and 12 months are summarized in Table 2. At baseline,
intake of SCBs ranged from 12 to 56 ounces/d (350 to 1642
g/d, ⬃1 to 5 12-ounce servings). SCBs accounted for ⬃60%
of the total kilocalories from beverages (352 kcal/d). Intake
of drinking water ranged from 0 to 5284 g/d (⬃11 16-ounce
glasses). At baseline, 5% of the sample reported no drinking
water; 30% drank ⬍12 ounces/d.

Over the 2 months of diet classes, SCB intake was
halved. Change in SCB intake ranged from ⫺48 to ⫹30
ounces {⫺1411 to ⫹877 grams, with a mean [standard
deviation (SD)] of ⫺371 (362) g}. In relative terms, change
in SCB intake ranged from ⫺84% to ⫹54% of beverage
intake [mean (SD), ⫺19% (21%)]. At the 2-month followup, 27% of the sample reported no intake of SCBs. Among
those still consuming SCBs, the mean (SD) change in SCB
intake was ⫺12% (19%), the mean (SD) intake was 13 (10)
ounces/d [389 (297) g/d], and the mean (SD) energy intake
from SCBs was 95 (95) kcal/d.
Over the 2 months of classes, intake of drinking water
increased as a proportion of beverages by an average (SD)
18% (24%). Change in drinking water ranged from a decrease in intake of 1896 grams to an increase in intake of
2508 grams (⬃5 16-ounce glasses of water), from ⫺33% to
⫹74% of beverages. The majority (84%) of individuals who
decreased SCB intake increased water intake. Among those
who decreased SCB intake, the average increase in drinking
water was ⫹513 (685) g or ⫹23% (22%) of beverages.
Among those who decreased SCB intake, 51% increased
OBESITY Vol. 15 No. 12 December 2007
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Table 2. Mean (SD) dietary intake and energy expenditure at baseline, 2, 6, and 12 months

SCBs
(ounces/d)
(% of Beverages)
Drinking water
(ounces/d)
(% of beverages)
Non-caloric beverages
(ounces/d)
(% of beverages)
Nutritious caloric beverages
(ounces/d)
(% of beverages)
Total beverage (ounces/d)
SCB energy (kcal/d)
Food energy (kcal/d)
Food fat (% of energy)
Food protein (% of energy)
Food water (g/100 g)
Food fiber (g/100 g)
Energy expenditure (kcal/kg per day)
Total energy (kcal/d)

Baseline

2 months

6 months

12 months

21 (9)
37 (17)

9 (10)*
18 (20)*

10 (10)*
20 (20)*

10 (9)*
17 (17)*

24 (22)
33 (20)

36 (30)*
52 (28)*

33 (29)*
48 (27)*

34 (25)*
52 (24)*

12 (10)
18 (15)

11 (11)
20 (19)

13 (12)
22 (20)*

14 (12)
22 (19)*

8 (7)
12 (11)
64 (27)
214 (138)
1697 (543)
39 (7)
17 (4)
64 (8)
2 (1)
34 (3)
2054 (571)

6 (6)*
11 (11)
63 (30)
69 (91)*
1362 (404)*
38 (13)
23 (7)*
70 (7)*
2 (1)
35 (2)*
1528 (455)*

6 (6)*
10 (9)
62 (31)
79 (84)*
1467 (409)*
39 (11)
20 (6)*
67 (8)*
2 (1)
35 (2)
1657 (443)*

6 (6)*
10 (10)
63 (26)
80 (102)*
1467 (469)*
38 (11)
19 (5)*
69 (7)*
2 (1)
35 (3)*
1646 (505)*

SD, standard deviation; SCB, sweetened caloric beverage. Dietary intake data were available for 118, 118, 110, and 96 persons at baseline
and 2, 6, and 12 months, respectively. Fixed effect models with levels of time as independent variable were used to compare the 2-, 6-, and
12-month intakes with baseline intake.
* p value ⬍ 0.05 for comparison with baseline intake.

intake of non-caloric diet beverages, although the magnitude of change in non-caloric beverages was small [⫹38
(292) g or ⫹4% (18%)].
Despite recidivism over 12 months of follow-up, SCB
intake remained significantly lower relative to baseline
[⫺17% (17%) of beverages). Intake of drinking water remained significantly higher relative to baseline [⫹15%
(24%) of beverages].
Over the 2 months of diet classes, energy intake decreased for the majority of subjects (87%). On average, total
energy decreased by 526 (544) kcal/d. Although mean (SD)
energy intake increased slightly between the 2- and 6-month
time-points, a significant decrease relative to baseline of
⬎400 kcal/d was maintained from the 2- to 12-month follow-up. Energy from food decreased by an average 335
(511) kcal/d from baseline to 2 months. It increased by an
average 105 (432) kcal/d between the 2- and 6-month follow-ups and then remained stable at 1467 kcal/d until the
12-month follow-up. At 12 months, energy from food was
230 kcal/d lower than at baseline.
3018
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In unadjusted analyses, decreases in SCB intake between
baseline and the 2-month assessment were significantly and
linearly associated with decreases in total energy intake
(Table 3). Increases in drinking water over this same period
were also significantly and linearly associated with decreases in energy intake.
A difference model was fit to determine whether replacing caloric beverages with drinking water was associated with decreases in energy intake over the 2 months
of classes, independent of concurrent changes in other
beverage intake, food composition, and energy expenditure. Holding constant the macronutrient, water, and fiber
content of foods consumed, each 1 unit of SCBs (% of
beverage units) replaced with 1 unit of drinking water (%
of beverage units) was associated with a significant 4 (1)
kcal/d decrease in total energy intake. Respecifying the
model with non-caloric or nutritious caloric beverages as
referent, replacing SCBs with non-caloric or nutritious
caloric beverages was not associated with significant
change in energy intake.
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Table 3. Change in beverage intake from baseline to 2 months by change in total energy intake over the same
period (n ⫽ 118)
Change in total energy intake from baseline to 2 months (kcal)

Change in SCBs (% of
beverages)
Change in drinking water
(% of beverages)
Change in non-caloric beverages
(% of beverages)
Change in nutritious beverages
(% of beverages)
Change in all beverage intake
(ounces)

⌬ < ⴚ1000
(n ⴝ 16)
[mean (SD)]

ⴚ1000 < ⌬ < ⴚ500
(n ⴝ 43)
[mean (SD)]

ⴚ500 < ⌬ < 0
(n ⴝ 44)
[mean (SD)]

0<⌬
(n ⴝ 15)
[mean (SD)]

⫺25 (16)

⫺21 (16)

⫺19 (25)

⫺5 (26)*

27 (16)

23 (20)

15 (27)

4 (26)*

1 (16)

1 (15)

5 (21)

⫺3 (16)

⫺3 (13)

⫺4 (13)

⫺1 (11)

3 (12)

⫺1 (14)

⫺2 (28)

⫺0.3 (22)

⫺3 (17)

SD, standard deviation; SCB, sweetened caloric beverage. ⌬ ⫽ energy intake at 2 months ⫺ energy intake at baseline.
* p Value ⬍ 0.05 for test for linear trend across four levels. All statistical tests were based on robust standard errors.

Model simulations were run to illustrate the effect of
replacing multiple units of SCBs with drinking water over
the 2-month period. The predicted mean changes in energy
intake if the sample replaced none, half, or all SCBs with
water (holding constant other beverage intake, food composition, and energy expenditure) were 0, ⫺73, and ⫺147
kcal/d, respectively.

Fixed effect models were next used to test for associations between beverage intake and energy intake over time.
Regression coefficients from these models (see Table 4)
represent the difference in total energy intake associated
with replacing SCBs with drinking water (Model 1), noncaloric beverages (Model 2), or nutritious caloric beverages
(Model 3). Controlling the total beverage ounces, food

Table 4. Regression coefficients from fixed effect models testing for associations between beverage intake and
total energy intake over 12 months of follow-up (n ⫽ 118)
Mean total energy intake (kcal/d)

SCBs (% of beverages)
Drinking water (% of beverages)
Non-caloric beverages (% of beverages)
Nutritious caloric beverages (% of beverages)

Model 1 关␤ (SE)兴

Model 2 关␤ (SE)兴

Model 3 关␤ (SE)兴

9 (2)*
Ref
3 (2)
8 (3)*

6 (2)*
⫺3 (2)
Ref
5 (3)

1 (3)
⫺8 (3)*
⫺5 (3)
Ref

SE, standard error; SCB, sweetened caloric beverage. All models included data from all time-points and controlled for non-time-varying
factors and within-person changes in the amount of beverages consumed, food composition, and energy expenditure. Drinking water is the
reference category in Model 1. The regression coefficients for Model 1 represent the increases in total energy intake associated with drinking
SCBs, non-caloric, or nutritious caloric beverages instead of drinking water. Increasing SCB intake (decreasing water intake) by 1 unit is
associated with an increase in total energy of 9 kcal/d. Increasing nutritious caloric beverages (decreasing water intake) by 1 unit is
associated with an increase of 8 kcal/d. The effect of replacing 1 unit of SCB with plain water (i.e., decrease SCB and increase water) is
the inverse coefficient (⫺9 kcal/d). The reference categories in Models 2 and 3 are non-caloric (non-water) beverages and nutritious caloric
beverages, respectively. Model 2 estimates the effect of replacing SCBs with non-caloric beverages. Model 3 estimates the effect of
replacing SCBs with a nutritious caloric beverage.
* p Value ⬍ 0.05 for comparison with the reference category.
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composition, and energy expenditure, each 1 percentage
unit of SCBs replaced by drinking water was associated
with a 9 (2) kcal/d lower energy intake over time (Model 1).
Based on this model, replacing all SCBs with drinking water
was associated with a mean total energy intake over time
of 1516 kcal/d, whereas replacing one-half or none of the
SCBs with water was associated with predicted mean energy intakes of 1615 and 1715, respectively. Replacing all
SCBs with water was associated with a predicted total
energy intake that was 200 kcal/d lower over time. The
results of Models 2 and 3 indicate smaller decreases in total
energy intake if SCBs are replaced with non-caloric or
nutritious caloric beverages. The caloric benefit of decreasing SCBs is 30% smaller (6 vs. 9 kcal/d) if the SCBs
are replaced with non-caloric diet beverages than if replaced
with plain water. Model 3 indicates no caloric benefit of
decreasing SCBs if SCBs are replaced with nutritious caloric beverages.
Considering that changes in SCB and water intake were
significantly greater for the Atkins group (Figure 1), Model
1 in Table 3 was stratified by diet group to see whether any
particular intervention diet was driving the observed association. Diet group did not explain the observed association.
Replacing SCBs with drinking water was significantly associated with decreases in total energy intake within each
diet group. For the Atkins, Zone, LEARN, and Ornish diet
groups, the effect of replacing one unit of SCBs with plain
water was: ␤ [standard error (SE)] ⫽ 13 (4) kcal/d (p ⫽
0.005), ␤ (SE) ⫽ 8 (3) kcal/d (p ⫽ 0.01), ␤ (SE) ⫽ 11 (4)
kcal/d (p ⫽ 0.004), and ␤ (SE) ⫽ 6 (3) kcal/d (p ⫽ 0.08),
respectively. The corresponding regression coefficient from
a mixed model with all of the same variables plus fixed
effects for each diet group was ␤ (SE) ⫽ 7 (1) kcal/d (p ⬍
0.001).

Discussion
Consistent with results from many short-term experiments (6,14,19 –24), the results of this study suggest that
replacing SCBs with drinking water may be an effective
way to lower total energy intake in free-living individuals.
Consumers of SCBs, following prescribed diets as part of
the Stanford A TO Z weight loss intervention, significantly
decreased SCB intake from approximately two cans of soda
per day to less than one can per day and increased drinking
water from one-third to one-half of beverage intake. Replacing SCBs with drinking water was associated with a
significant decrease in total energy intake that was sustained
over 12 months of follow-up.
The present study evaluated change in beverage pattern.
Correlated changes in SCB intake and drinking water were
studied in multivariable models that controlled for changes
in other beverage intake. Unlike studies that target absolute
change in one kind of beverage without regard for corre3020
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lated change in other beverages (16,33), the reference category (or what people drink when not drinking the target
beverage) was made explicit in this study.
The results of this study show that the effect of change in
SCB intake depends on correlated change in other beverage
intake. The caloric benefit of decreasing SCBs was eliminated if the SCBs were replaced with nutritious caloric
beverages and considerably reduced if the SCBs were replaced with non-caloric beverages. The caloric benefit associated with replacing SCBs with non-caloric beverages
was 30% smaller than that associated with drinking water.
Specifying drinking water as the alternative to SCBs may
allow a maximal caloric deficit because other beverages
contain more calories or sweeteners that, although controversial, may stimulate appetite (34 –37).
Compensatory increases in the amount of food consumed
did not cancel out decreases in energy intake associated
with replacing SCBs with drinking water. At baseline, SCBs
contributed an average 214 kcal/d. Replacing all SCBs with
drinking water was associated with a predicted mean decrease in total energy of 202 kcal/d over time. The lack of
compensatory increases in food intake may reflect consistent, null effects of drinking water on the amount of food
consumed (14,24,38,39). Alternatively, the lack of compensatory increases in food intake may reflect conscious effort
on the part of study participants to consume particular
amounts of foods specified in the diet books. In reviews of
the literature, Rolls (36) and Renwick (40) conclude that
non-caloric beverages may only lower energy intake if
individuals consciously avoid replacing SCB calories with
increased intake of other items. Given that individuals in
this study agreed to participate in a year-long weight loss
intervention trial, the study population may have been
highly motivated to resist increases in food intake.
Although motivation to adhere to a diet might explain the
association between beverage change and energy intake in
this study, the observed association was not attributable to
any particular intervention diet or food intake profile. The
association between beverage change and energy intake was
observed for each type of diet, Atkins, Zone, LEARN, and
Ornish. It was observed with and without control for correlated changes in all key determinants of energy density,
food macronutrient, water, and fiber composition.
This study focused on SCB intake because SCBs are
implicated in the obesity epidemic and related negative
health outcomes, including diabetes, impaired bone health,
and dental carries (1– 4). Although all types of caloric
beverages result in excess energy intake compared with
water in short-term experiments (7,12), intake of other
caloric beverages has not increased over time to the same
degree as SCB intake. Increases in SCB intake and obesity
are particularly worrisome among children and adolescents
(1,13,41). The present focus on SCBs is consistent with
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current recommendations to reduce intake of nutrient-poor
SCBs and moderate intake of nutrient-rich caloric beverages
(e.g., milk) (1,2).
The association between decreases in SCB intake and
decreases in energy intake in this study mirrors reported
associations between increases in SCB intake, increases in
energy intake, and weight gain (1). In the A TO Z cohort,
replacing SCBs with drinking water is associated with significant reductions in body weight, percentage body fat, and
waist circumference (Stookey JD, Florence C, Gardner CD,
Popkin BM, unpublished data).
The results of this study strongly suggest that replacing
SCBs with drinking water may be an effective way to
reduce energy intake in consumers of SCBs motivated to
change their diet to reduce caloric intake. Although the
study was not a randomized trial of change in beverage
effects, potential confounding variables were controlled in
rigorous longitudinal models. Replacing SCBs with water
appeared beneficial regardless of diet type or food composition. Although randomized trials are needed to confirm
benefits of drinking water for consumers of SCBs and other
population groups, more generally, the results nevertheless
suggest that beverage change may be a powerful complement to increased intake of energy dilute foods and physical
activity as a strategy to reduce excess energy intake. Given
the high prevalence of SCB intake among children, adolescents, and young adults (13), interventions to replace SCBs
with water may be particularly important for the prevention
of pediatric and young adult obesity. Considering public
confusion about the benefits of drinking water for appetite
control, disparate popular advice regarding beverages for
dieting (Table 1) and ambiguity about appropriate alternatives to SCBs in scientific recommendations (1,2), rather
than promoting “decreases in SCB intake,” it may be important for public health campaigns to promote “drinking
water instead of SCBs.”
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