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Abstract
Water consumed before a meal has been found to reduce energy intake among nonobese older adults.
However, it is unknown whether this effect is evident among overweight and obese older adults, a
population who would benefit from strategies to improve energy intake regulation. Our purpose was
to determine whether premeal water consumption reduces meal energy intake in overweight and
obese older adults. Twenty-four overweight and obese adults (body mass index=34.3±1.2), mean
age 61.3±1.1 years, were given an ad libitum standardized breakfast meal on two randomly assigned
occasions. Thirty minutes before the meal, subjects were given either a 500-mL water preload or no
preload. Energy intake at each meal was covertly measured. Meal energy intake was significantly
less in the water preload condition as compared with the no-preload condition (500±32 vs 574±38,
respectively; P=0.004), representing an approximate 13% reduction in meal energy intake. The
percentage reduction in meal energy intake following the water preload was not related to sex, age,
body mass index, or habitual daily water consumption (all P>0.05). Given the high prevalence of
overweight and obesity among older adults, future studies should determine whether premeal water
consumption is an effective long-term weight control strategy for older adults.

Advancing age is associated with weight gain (1,2), and obesity is common in older adults
(≥60 years of age) (3). Numerous factors likely contribute to age-related weight gain, including
a reduction in energy expenditure, a reduction in energy requirements, and an increased
susceptibility to energy overconsumption (4–8). Although it is often thought of as an inevitable
consequence of the aging process, weight gain leading to overweight and obesity in older adults
has serious consequences, including increased morbidity and mortality, decreased mobility,
and increased health care utilization and costs (9–13).

A common belief is that water ingestion reduces energy intake, but there is surprisingly little
data addressing this possibility. Among nonobese young and older adults, water consumed
before a meal increases satiety (14). Water consumed with a meal reduces sensations of hunger
and satiety among normal-weight young and middle-aged women (15). Popkin and colleagues
(16) reported that daily energy consumption among habitual water drinkers in the general adult
population was approximately 9% (194 kcal/day) less than those who do not drink water. We
recently reported that premeal water consumption reduced energy intake at a meal in nonobese
older adults, but not in younger adults (14). However, to our knowledge it is unknown whether
such an effect is evident in overweight and obese older adults, a population who would benefit
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from a strategy designed to suppress hunger and reduce energy intake at meals. Thus, the
purpose of the present investigation was to investigate this issue.

METHODS
Subjects

Twenty-four overweight and obese (body mass index=34.3±1.2) adults (seven men, 17 women)
with a mean age of 61.3±1.1 years (range=55 to 75 years) were recruited from a local university
community for this investigation. Subjects were weight-stable (±2 kg for more than 1 year,
determined by self-report), nonsmokers, without major chronic disease (ie, diabetes, coronary
heart disease), and not taking medications known to influence food intake or body weight.
Participants had no food allergies or restrictions, did not consume alcohol in excess (≤2 drinks/
day), and were screened to exclude individuals with depression or eating disorders (17,18). All
subjects provided informed consent before participation in the investigation, but they were not
aware of the specific purpose of the study; they were informed that the purpose of the research
was to investigate eating habits among older adults. The Institutional Review Board at Virginia
Tech approved the protocol and the consent form.

Laboratory Measurements
Height was measured in meters without shoes using a scale-mounted stadiometer (Scale-
Tronix, Wheaton, IL). Body weight was measured to the nearest 0.1 kg using a digital scale
(Scale-Tronix model 5002). Body mass index was calculated as weight (kg)/height (m)2. Body
weight was measured at the initial study visit, and again at each test meal session to ensure
weight stability.

Laboratory Test Meal Procedures
The meal randomization scheme (ie, the ordering of meal sessions one and two) was generated
for each subject at the initial screening visit. Each participant consumed two breakfast meals
in a random order as follows: (a) 30-minute waiting period (no preload) followed by an ad
libitum standardized meal, and (b) preload consisting of 500 mL of chilled (5° to 7°C) bottled
water, given 30 minutes before an ad libitum standardized meal. Breakfast meals for each
subject were separated by a minimum of two days. We studied the impact of premeal water
consumption on energy intake at breakfast instead of lunch or dinner to avoid the potential
confounding effect of differences in food intake earlier in the day on test meal energy intake.

Subjects were instructed to arrive for the test meals in the fasted state (no food/beverages for
≥12 hours), and to refrain from exercise on the day before and morning of the test meals. This
was verified with subjects when they arrived at the laboratory for the test meals. The 30-minute
waiting period between water preload and meal was chosen because individuals compensate
most accurately for the energy content of a preload when the preload is given 30 minutes before
the lunch meal (19). Subjects were instructed to consume the water preload as quickly as they
comfortably could, within a maximum time period of 15 minutes. Reading was permitted
during test meal sessions.

Test meal items were evaluated for palatability before initiation of the study. The breakfast
meal consisted of a standardized individual buffet-style meal containing a variety of typical
breakfast items (cinnamon raisin bagel, cream cheese, margarine, jelly, vanilla yogurt, cereal
bar, bananas, mozzarella cheese stick, orange juice, coffee, cream, and sugar) in excess of what
would normally be consumed, presented in the same manner on both testing days (ie, serving
location and temperature), from which the subjects were allowed to self-select during a 20-
minute period. Meals were served in individual cubicles, under standardized laboratory
conditions (ie, quiet, temperature-controlled). Foods were covertly weighed (±0.1 g) before
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being served and again after the completion of the meal to determine the amount consumed.
Meal energy intake was calculated using nutritional analysis software (NDS-R 2006, 2006,
University of Minnesota, Minneapolis).

Habitual Beverage Consumption
In addition to completing the laboratory test meals, we investigated habitual water and total
beverage consumption patterns in our study population to determine if this was associated with
laboratory test meal findings. Subjects were instructed in methods to accurately record their
food and beverage intake, including the use of two-dimensional food models for estimation of
portion size. Subjects recorded their dietary intake for four consecutive days (three weekdays
and one weekend day). Intake records were analyzed using nutritional analysis software (NDS-
R 2006, University of Minnesota) to determine energy content of beverages consumed, and
records were reviewed manually to calculate mean daily amounts (g, kcal) of water and total
beverages consumed.

Statistical Analysis
Statistical analyses were done using SPSS statistical analysis software (version 12.0 for
Windows, SPSS Inc, 2004, Chicago, IL). Descriptive statistics (mean±standard error of the
mean and frequencies) are reported for subject demographic characteristics and habitual mean
water and total beverage consumption. Paired sample t tests were used to compare energy
intake, gram weight of food consumed, and energy density (kcal/gram weight of food) at the
two breakfast meals. Independent sample t tests were used to assess potential sex differences
in absolute and relative change in meal energy intake, as well as possible differences between
water consumers and nonconsumers (defined as those above and below the mean grams of
water consumed in this sample). Associations among variables were assessed by simple
correlational analyses (Pearson r). The α level was set a priori at P<0.05.

RESULTS AND DISCUSSION
Energy intake consumed during the two test meals is shown in the Figure. As with meal energy
intake, the gram weight of food consumed at the test meals was also less in the water preload
condition as compared with the no-preload condition (611±31 vs 663±36 g, respectively;
P=0.023). Dietary energy density did not differ between the two test meals (water preload:
0.83±0.03; no water preload: 0.87±0.04, P=0.13). Participants consumed significantly less
energy at the test meal after the water preload as compared with the no-preload condition (74
±23 kcal difference in energy intake between the two conditions), which represented an
approximate 13% reduction in meal energy intake. Energy intake and grams of food consumed
at breakfast among male and female participants are provided in the Table. The relative
reduction in meal energy intake following the water preload did not differ significantly between
male and female participants (8%±5% vs 11%±5%, respectively; P=0.70), nor did it differ
between those categorized as overweight vs obese (9%±6% vs 11%±5%, respectively; P=0.77)
or between water consumers (mean daily water intake >304 g/day; 8%±5% reduction) vs non-
water consumers (mean daily water intake <304 g/day; 12%±5% reduction, P=0.54). The
percentage reduction in meal energy intake was not significantly associated with age (r=−0.10,
P=0.64), body mass index (r=0.15, P=0.48), mean habitual water intake (r=0.23, P=0.32), or
mean habitual total beverage consumption (r=0.04, P=0.88).

Habitual daily water consumption in this sample (304±121 g; approximately 10.6 fl oz) was
less than the recently proposed guidelines of 20 to 50 fl oz/day for adults (20). In addition, total
daily beverage consumption was 1,553±143 g/day (approximately 54 fl oz), which represents
approximately 50% of recommended total fluid intake (20,21). Mean total energy content of
beverages consumed was 313±36 kcal/day.
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We observed that premeal water consumption reduces meal energy intake (74 kcal) among
overweight and obese older adults, which is consistent with our previous work demonstrating
that consuming approximately 2 cups of water before a meal reduced meal energy intake by
approximately 60 kcal in nonobese older adults (14). The mechanism(s) responsible for
reduced meal energy intake following water consumption in older adults are unclear, but
delayed gastric emptying (22) may contribute by reducing hunger and promoting fullness (6,
14,23). Inasmuch as gastric emptying is a time-dependent phenomenon, it is unknown how the
timing of premeal water consumption might modulate subsequent meal energy intake. Future
studies are needed to address this important issue.

Our findings should not be extrapolated beyond an acute meal setting and the population
studied. To obtain objective measures of food/energy intake, the breakfast meals were
conducted in a laboratory setting; thus, it is possible that this setting may have influenced
participant’s food intake. Finally, it is unknown whether the significant reduction in meal
energy intake after water consumption would be sustained with increased habitual water
consumption, and whether premeal water consumption would facilitate weight loss and
maintenance. However, these preliminary findings may serve as the basis for justifying future
larger-scale intervention studies in this area.

CONCLUSIONS
Premeal water consumption reduced meal energy intake in overweight and obese older adults,
suggesting that this may be an effective weight-control strategy for this segment of the
population, particularly because habitual water consumption seems to be substantially less than
recommended levels. The latter issues seem to be important areas for future investigation
considering recent data indicating that adults 60 years of age and older have a higher prevalence
of overweight and obesity (71%) than the general population (24).
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Figure.
Energy intake at ad libitum test meals: after a water preload and without a water preload
condition. * P=0.004 vs no water preload.
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