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Abstract

Objective—Foods that enhance satiety can reduce overconsumption, but the availability of large
portions of energy-dense foods may counter their benefits. We tested the influence on meal energy
intake of varying the energy density and portion size of food consumed after a preload shown to
promote satiety.

Design and Methods—In a crossover design, 46 women were served lunch on six days. On
four days they ate a compulsory salad (300 g, 0.33 kcal/g). Unlike previous studies, instead of
varying the preload, the subsequent test meal of pasta was varied between standard and increased
levels of both energy density (1.25 or 1.66 kcal/g) and portion size (450 or 600 g). On two control
days a salad was not served.

Results—Following the salad, the energy density and portion size of the test meal independently
affected meal energy intake (both p<0.02). Serving the higher-energy-dense pasta increased test
meal intake by 153+19 kcal and serving the larger portion of pasta increased test meal intake by
40+£16 kcal. Compared to having no salad, consuming the salad decreased test meal intake by
123+18 kcal.

Conclusions—The effect of satiety-enhancing foods can be influenced by the energy density

and portion size of other foods at the meal.
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INTRODUCTION

Addressing the problem of obesity requires dietary strategies to reduce energy intake in the
face of opposing influences in the eating environment. One approach that could help curb
overconsumption is to incorporate satiety-enhancing foods into meals (1). Studies show that
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eating a satiating food as a first course can decrease energy intake both at the main course
and at the entire meal (2, 3). It is unclear, however, whether these effects can be overridden
by the other foods served at the meal. The purpose of the current study was to investigate
whether increasing the energy density and portion size of the main course at a meal would
counteract the effects of a satiating first course.

The satiety value of a food is typically assessed by consuming it as a preload or compulsory
first course at a meal and measuring the effect on ad libitum energy intake at the subsequent
test meal or main course (4). Previous research has demonstrated the utility of this paradigm
in identifying characteristics of preloads that affect satiety (4, 5), but little attention has been
given to how attributes of the test meal influence satiety. An increase in either the energy
density or portion size of a main course has been shown to result in greater ad libitum
energy intake at a meal when no first course is served (6-11). Furthermore, simultaneous
increases in both energy density and portion size lead to independent and additive increases
in meal energy intake (6, 7). These findings suggest that the characteristics of the test meal
could have substantial effects when assessing the satiating properties of a preload.

The present study explored how alterations in the energy density and portion size of the test
meal affect energy intake after consumption of a salad preload that has been shown to
enhance satiety (2, 12). In contrast to the typical method for assessing satiety, we served an
unvaried preload and varied the properties of the subsequent test meal. It was hypothesized
that after consumption of a satiating preload, increases in the energy density and portion size
of the following test meal would independently influence energy intake at the test meal. This
study also included two control conditions in which no preload was provided, in order to
examine whether consumption of the preload influenced overall energy intake at the meal. It
was hypothesized that compared to having no preload, consumption of a satiating preload
would reduce energy intake at both the test meal and the total lunch (preload plus test meal).

METHODS AND PROCEDURES

Subjects

Women aged 20 to 45 years were recruited through advertisements in campus newspapers,
flyers, and electronic newsletters. Respondents were eligible if they had no food restrictions,
were not pregnant or breastfeeding, were not dieting, were not athletes in training, regularly
ate three meals per day, were not taking medications affecting appetite, were willing to
consume the study foods, and did not smoke. Potential subjects were excluded if they had a
body mass index <18 or >40 kg/m?; a score =20 on the Eating Attitudes Test (13), or a score
>44 on the Zung depression scale (14).

A power analysis estimated that a sample of 38 women would allow the detection of a 50
kcal difference in meal energy intake with >80% power at a significance level of 0.05. A
total of 53 women began the study; however, three women were excluded for failure to
follow the study protocol. Of the 50 women who finished the study, data of three women
were excluded for eating the entire test meal on two or more occasions. The data of one
additional woman was excluded for having highly variable daily intakes that had undue
influence on the outcomes according to the procedure of Littell, et al. (15). For this subject,
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the restricted likelihood distance (a measure of overall influence) in the mixed linear model
was > 2.1. Thus, the analyses included 46 women; their mean age was 25.4+0.8 y (range
20-44 y), their mean height was 1.63+0.01 m (range 1.51-1.76 m), and their mean weight
was 62.5+1.5 kg (range 44.0-91.9 kg). Thirty-three subjects were normal-weight, 11 were
overweight, and 2 were obese; the mean body mass index was 23.6+0.5 kg/m? (range 18.6—
33.5 kg/m?). Participants provided signed consent and were financially compensated for
participation. Subjects were informed that the purpose of the study was to investigate eating
behaviors at different meals. The Pennsylvania State University Office for Research
Protections approved all aspects of the study.

Study design

Procedures

This experiment used a crossover design with repeated measures within subjects. Once a
week for six weeks, subjects came to the laboratory at lunchtime to eat a pasta test meal. At
four meals the pasta was preceded by a compulsory salad preload and at two control meals
no salad was served. The orders of the six experimental conditions were counterbalanced
using Latin squares and were randomly assigned to participants. The pasta was varied
between standard (100%) and increased (133%) levels of both energy density (ED; 1.25 or
1.66 kcal/g) and portion size (450 or 600 g); the composition of the test meals is shown in
Table 1. The higher-ED version of the pasta was made by increasing the proportion of pasta,
cheese, cream, and sauce and decreasing the proportion of puréed vegetables (broccoli,
cauliflower, and tomato). In the two control meals, the pasta was served at the 100% and
133% levels of ED, but only the 133% level of portion size. The 100% portion of pasta was
not served without a salad because of concerns that for some women this meal would
provide an insufficient amount of food.

The unvaried preload at four meals was a low-energy-dense salad (300 g, 100 kcal, 0.33
kcal/g) consisting of lettuces, cucumber, tomatoes, carrots, fat-free Italian dressing, and
parmesan cheese. Previous studies found this salad to enhance satiety (2, 12). Subjects were
required to consume the entire salad within 18 minutes and were served the pasta 20 minutes
after the salad was served. During the 20-minute interval at the two meals in which no
preload was consumed, participants were provided with magazines to read that did not
contain any references to food or body weight. One liter of water was served with the pasta
and both were consumed ad libitum. All foods and beverages were weighed before and after
meals. Energy and macronutrient intakes were calculated using information from a standard
nutrient database (16) and food manufacturers.

Participants were instructed to keep their food intake and activity level consistent on the day
before each test day and to record this information to encourage compliance. In order to
ensure subjects came to lunch at a consistent level of hunger and fullness, a standard
breakfast of bagels and yogurt was served in the laboratory, which could be consumed as
desired. Assessment showed that there were no significant differences in breakfast energy
intake across conditions. Participants were asked to refrain from consuming any foods or
beverages, other than water, between breakfast and lunch. Subjects came to the laboratory at
scheduled meal times and were seated in individual cubicles.
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Ratings of hunger, satiety, and food characteristics

Subjects used 100-mm visual analog scales (17) to rate their hunger and fullness before and
after the pasta as well as before the salad, when served. The anchors for hunger were “not at
all hungry” on the left and “extremely hungry” on the right, and the anchors were similar for
fullness. Participants also used visual analog scales to rate characteristics of the pasta and
salad. Upon being served each food, they took a bite and rated how pleasant the taste and
texture were, how filling the serving of food would be, how the size of the serving compared
to their usual portion, and how many calories were in the serving. For the taste and texture
questions, the anchors were “not at all pleasant” on the left and “extremely pleasant” on the
right. The anchors for the remaining questions were “not filling at all” on the left and
“extremely filling” on the right, “a lot smaller” on the left and “a lot larger” on the right, and
“no calories at all” on the left and “extremely high in calories” on the right, respectively.

Data Analysis

The data were analyzed using a mixed linear model with repeated measures (SAS Institute,
Inc., Cary, NC). The fixed factors in the model were pasta ED, pasta portion size, and study
week. The main model analyzed the four conditions that provided the unvaried salad preload
in order to determine the effect of changes in the ED and portion size of the test meal on the
assessment of satiety. In accordance with the preloading paradigm, this analysis investigated
the outcome of energy intake at the test meal. A second model assessed the effects of
including the salad preload by analyzing the pairs of conditions that differed in the presence
of the preload but provided the same test meal (either large portion of standard ED or large
portion of increased ED). This analysis examined whether the consumption of a preload
influenced energy intake at the test meal as well as overall energy intake at lunch, that is,
when the energy content of both the preload and test meal was considered.

The study outcomes were food and energy intakes at the test meal, food and energy intakes
at the entire lunch (preload plus test meal), and participant ratings of hunger, fullness, and
food characteristics. Ratings of hunger and fullness after the test meal were adjusted for
ratings at the start of the meal. Analysis of covariance was used to determine whether
subject characteristics influenced the relation between the experimental factors and lunch
intake. Results are reported as mean + SEM and were considered significant at p<0.05.

RESULTS

Effects of increases in the energy density and portion size of the test meal

Test meal intake—Assessment of test meal energy intake in the four meals that included
the salad preload showed that increases in the ED and portion size of the pasta test meal had
independent effects (both p<0.02; Table 2). Serving the pasta that was 33% higher in ED
increased test meal energy intake by a mean of 153+19 kcal and serving the portion of pasta
that was 33% larger increased test meal energy intake by 40+16 kcal. Together these
changes increased test meal energy intake by 187+21 kcal. Thus, after consumption of the
salad, energy intake at the test meal was significantly influenced by both the ED and portion
size of the test meal.
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Evaluation of the weight of food consumed in these four meals showed significant effects of
the portion size (p<0.01) but not the ED of the pasta test meal (Table 2). Food intake at the
test meal was a mean of 32+11 g greater when the portion of pasta was increased by 150 g.
After the salad, an increase in the portion size of the test meal thus significantly affected the
weight of food eaten at the test meal.

Total lunch intake—Since the salad was not varied in the four meals that included a
preload, the effects of test meal ED and portion size on the entire lunch (preload + test meal)
were similar to those on the test meal alone. Thus, both the ED and portion size of the test
meal influenced total lunch energy intake (Figure 1), and only the portion size of the test
meal influenced the total weight of food consumed.

Effects of consumption of a preload prior to the test meal

Test meal intake—Consumption of the salad preload significantly influenced energy
intake of the test meal (p<0.0001; Table 2), as shown by comparing the conditions that
differed in the provision of the preload but included the same test meal (either large portion
of standard ED or large portion of increased ED). Having the salad reduced intake of the
pasta test meal by a mean of 123+18 kcal compared to not having the salad; this decrease in
test meal energy intake demonstrated that the salad enhanced satiety.

Evaluation of these conditions also showed that consumption of the salad influenced the
weight of food consumed at the test meal (p<0.0001; Table 2). Consuming the salad preload
decreased the weight of food consumed by a mean of 86413 g. Having a 300 g salad thus
significantly influenced the weight of food consumed at the test meal.

Total lunch intake—Across the conditions that differed in the provision of the salad
preload but had the same test meal, consumption of the salad did not significantly influence
total lunch energy intake (p=0.21; Figure 2). The 123 kcal reduction in energy from the
pasta test meal combined with the 100 kcal addition from the salad preload resulted in no
significant difference in total lunch energy intake compared to the control conditions (Table
2). Thus, participants compensated for the added energy from the salad by reducing intake
of the test meal.

The provision of the salad significantly influenced the total weight of food consumed at the
meal (p<0.0001; Table 2). Consumption of the salad preload increased the total weight of
food consumed at lunch by a mean of 214+13 g. As expected, the 300 g increase in weight
from the salad significantly influenced the total weight of food eaten at the meal.

Ratings of hunger, satiety, and food characteristics

Upon arrival at the laboratory, subject ratings of hunger and fullness were not significantly
different across conditions. At the end of the meal, hunger and fullness ratings depended on
whether a preload was consumed. When the salad preload was eaten, ratings of hunger and
fullness were not significantly influenced by the properties of the pasta test meal, despite
substantial differences in food and energy intakes (Table 3). In contrast, consuming no salad
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resulted in higher hunger ratings after the pasta (p<0.04) but no significant difference in
fullness ratings compared to having the salad.

Participant ratings of pasta characteristics are shown in Table 4. When the meal included no
salad, the mean ratings for pleasantness of taste were not significantly different for the
standard- and increased-ED versions of the pasta (71+3 versus 73+£3 mm; p=0.69).
Participants’ ratings of the amount of pasta they were served were significantly different for
the two portions (p<0.02); the mean rating was 72+2 mm for the 100% portion and 81+2
mm for the 133% portion. There were no significant differences in ratings of the calorie
content of the pasta even though there was a 33% difference in ED between the two
versions. Ratings of characteristics of the salad, which was not varied, did not differ
significantly across conditions (data not shown); the mean rating for pleasantness of taste
was 75+1 mm.

Influence of subject characteristics

Analysis of covariance showed that the relationships between the experimental factors and
the outcomes of energy and food intakes were not significantly influenced by participant
body mass index, age, height, or weight.

DISCUSSION

The consumption of satiety-enhancing foods is one dietary strategy that could help people
curb overconsumption to manage their weight. It is not clear, however, whether other foods
that are readily available in the current obesogenic environment influence how satiety-
enhancing foods affect energy intake. The present results showed that following a salad
preload, increases in the energy density or portion size of the test meal led to independent
increases in energy intake at the test meal as well as at the entire lunch (preload plus test
meal). Compared to having no salad, consuming the salad decreased energy intake at the test
meal and thus was shown to enhance satiety; having the salad did not, however, affect total
energy intake at lunch. This study demonstrated that the effect of satiety-enhancing foods
can be influenced by the ED and portion size of the other food at the meal.

Research on satiety has focused on the way that properties of a preload affect subsequent
intake at an unvaried test meal (4, 5), but it is possible that the characteristics of the test
meal itself could markedly affect satiety assessment. This concern has been raised
previously (18, 19), yet the influence of the test meal has undergone little systematic
investigation. A few studies have explored the effects on satiety of varying the variety (20—
22), palatability (23, 24) or macronutrient content (25) of the test meal. What has not been
investigated, however, is how the large portions of energy-dense foods that are characteristic
of the present eating environment influence the effect of a food on satiety. The findings from
our study show that after the satiety-enhancing preload, increasing either the ED or portion
size of the pasta test meal increased energy intake at the test meal. Thus, the same preload
can have very different effects on satiety (a range of 187 kcal in this study), depending only
on the properties of the subsequent test meal. This suggests that the current paradigm for
satiety assessment should be broadened to include consideration of characteristics of the test
meal in addition to the preload.
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It would also be advantageous to extend the assessment of satiety beyond effects on test
meal intake to include whether satiety-enhancing foods decrease energy intake at the entire
meal and thus help curb overconsumption. To evaluate this, intake needs to be compared at
similar meals with and without the preload. This comparison was made in two previous
studies, which found that a similar low-ED salad reduced total meal energy intake by 50 to
100 kcal (2, 12). In the present study, the reduction of 23 kcal at lunch was smaller than
anticipated and did not reach statistical significance. The discrepancy in meal energy intake
may have been due to differences in the subjects that were tested, even though all three
studies tested women. Another possibility is the difference in the food that was served at the
test meal. Although a pasta test meal was used in all three studies, the pasta in the current
study differed in shape, form, ED, and portion size from the other test meals. Together, these
differences in subject characteristics and the test meal could have influenced the
compensatory response, since the present study found compensation for the salad energy,
but not the expected reduction in lunch energy intake. These results indicate the importance
of assessing intake at the entire meal and suggest the benefit of including a control condition
when evaluating how satiety-enhancing foods moderate energy intake at a meal.

Inconsistencies in the identification of satiety-enhancing foods have been noted in the
literature (5). The present finding that the assessment of satiety is markedly affected by the
ED and portion size of the test meal, together with previous research showing that test meal
properties such as variety, palatability, and macronutrient content can influence satiety (20—
25), provides a possible reason for these inconsistencies. It could be useful in resolving these
discrepancies if the satiety paradigm was further refined, taking into account the properties
of the test meal. Food manufacturers should be aware that their satiety-enhancing products
may have limited applicability if the products are not tested using meals that are comparable
to those that consumers experience on a daily basis (26, 27). Although a recent study
suggests that consumers are adept at appropriately interpreting satiety claims (28),
consideration of the influence of the test meal on satiety assessment could also help address
concerns that these claims could be misleading and lack utility (29-31).

An interesting finding from this study was that despite the large differences in energy intake
across conditions, participant ratings of fullness were not affected by the ED or portion size
of the test meal. In addition, participants rated the two pasta versions as similar in calorie
content, suggesting that they did not notice the differences in pasta ED. This lack of
sensitivity to the properties of foods that led to increased energy intake could hinder the
efforts of individuals to control their energy consumption. The current study did not include
dieters, however, and it is possible that individuals who are monitoring their intake may
respond differently to alterations in ED and to consuming satiety-enhancing foods. Our
results also showed that weight status did not influence the relationship between the
properties of the test meal and energy intake, but it would be informative to test this design
in a larger sample of obese individuals. Other factors that could have influenced energy
intake in this study are differences in physical activity levels and the phase of the menstrual
cycle. Since foods that enhance satiety are consumed by both men and women, additional
research should determine whether men respond similarly to the consumption of satiety-
enhancing foods when faced with energy-dense foods and large portions. Furthermore, it
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would be informative to determine how energy intake over the remainder of the day is
affected by eating a satiating food at a meal that varies in ED and portion size.

Although the incorporation of satiety-enhancing foods into meals could be a beneficial
strategy to help moderate energy intake for weight management, this study emphasizes the
importance of the eating environment in which such foods are consumed. After consumption
of the salad, overall energy intake at the meal was affected by both the ED and the portion
size of the rest of the meal. Because of the strong environmental influences affecting energy
intake, individuals may benefit from consuming multiple satiety-enhancing foods across the
day in order to moderate energy intake. Additional investigation is needed not only to find
foods that enhance satiety but also to determine how best to incorporate these foods into
diets to effectively reduce energy intake (1, 32). While satiety-enhancing foods help to
moderate energy intake, their effects can be influenced by the availability of large portions
of energy-dense foods.
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What is already known about this subject:
» Consuming a satiety-enhancing preload can reduce test meal energy intake

» The influence of the test meal on the satiety value of foods has been less well
studied.

»  Energy intake can be affected by modifying the energy density and portion size
of foods

What this study adds:

»  After a satiating preload, increases in the energy density and portion size of the
test meal independently and additively increased energy intake

» Variations in the energy density and portion size of the test meal affected the
assessment of satiety

e The effects of a satiety-enhancing food can be influenced by the other food
consumed at the meal
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133%ED
test meal

100%ED
test meal

Salad
preload

Mean (£SEM) energy intakes of 46 women who were served a test meal of pasta that was
varied between 100% and 133% levels of both energy density (ED) and portion size,
following a preload of salad that was not varied. Energy intakes at the test meal and at the
entire lunch (salad + pasta) were independently increased by increases in the ED (p<0.0001)

or portion size (p<0.02) of the pasta.
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Bl 133%ED
test meal

3 100%ED
test meal

3 Salad
preload

Mean (xSEM) energy intakes of 46 women who were served lunch meals that varied in the
provision of the salad preload and included the same pasta test meal (600 g of either the 1.25
kcal/g version or the 1.66 kcal/g version). Consumption of the salad reduced test meal
energy intake (p<0.0001) but did not significantly affect total lunch (salad + pasta) energy

intake.
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Table 1

Composition of the pasta test meals served at lunch™?

Page 13

100% Energy density (1.25 kcal/g)

133% Energy density (1.66 kcal/g)

100% Portion size (450 133% Portion size (600

100% Portion size (450 133% Portion size (600

9) 9) 9) 9)
Energy (kcal) 563 750 747 996
Carbohydrate (% energy) 48.1 48.1 46.7 46.7
Protein (% energy) 18.1 18.1 17.4 17.4
Fat (% energy) 33.8 33.8 359 359
Fiber (g) 8.7 11.6 7.8 10.4

1 . . . .
Each version of pasta was served at one of the four meals that included a salad preload. At the two control meals that did not include a salad
preload the pasta was served at the 100% and 133% levels of ED, but only the 133% level of portion size.

2 . - . .
Recipe information is available upon request to the corresponding author.
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