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Abstract

Data are limited concerning the dietary factors that influence appetite control in older adults. This
study examined the effects of food form (FF) and portion size (PS) on appetite in 43 older adults
(age: 72+1 y; BMI: 25.6+0.3 kg/m?). Subjects were assigned to groups based on PS of the test-
meal (12.5% (n=18) vs. 25% (n=25) of estimated energy need). Subjects randomly consumed, on
2 separate days, the respective solid (S) or beverage (B) test-meal. Appetite sensations and
hormonal responses were measured over 4 h. Main effects of FF (p<0.05) and/or PS (p<0.05) were
observed for each appetite sensation. Postprandial hunger and desire to eat were greater following
B vs. S and between 12.5% vs. 25%, whereas fullness was lower after B vs. S (p<0.05). Main
effects of FF and/or PS were observed for glucose, insulin, and ghrelin. Postprandial glucose and
insulin concentrations were lower after B vs. S and between 12.5% vs. 25% (all comparisons,
p<0.05) while B led to greater 4-h ghrelin vs. S (p=0.09). No main effects were observed for
GLP-1 or CCK. When adjusting for age, FF remained significant for postprandial hunger and
fullness; PS remained significant for postprandial glucose. Greater hunger and reduced satiety
with accompanying glucose, insulin, and ghrelin following the beverage vs. solid meals, and to
some extent, in smaller vs. larger portions suggest that appetite control is influenced by food form
and portion size in older adults. These findings may enhance the development of appropriate
dietary strategies to help regulate energy balance.
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Introduction

More than 36 million Americans are currently over the age of 65 years and this segment of
the population is growing (1). Aging is accompanied by disruptions in the appetitive,
metabolic, and hormonal processes that regulate energy balance (2). While these alterations
are more pronounced in obese and underweight older adults, healthy, normal weight
individuals may also experience similar alterations (2). Thus, it is imperative to identify the
effects of specific dietary factors on the homeostatic mechanisms that regulate appetite and
food intake in older adults.

Food form significantly impacts appetite and food intake in young and middle-aged adults.
Beverage consumption leads to reduced appetite sensations, hormonal responses, and dietary
compensation compared to solid foods (3-7). Limited data exist concerning the appetitive
sensations and hormonal responses to food form in older individuals. We previously
examined whether iso-energetic beverage versus solid meal-replacement products
differentially affected appetite in older adults (8). Increased hunger and desire to eat along
with reduced fullness were observed following the consumption of the beverage meal-
replacement versus the solid version. Postprandial elevations in total plasma ghrelin
concentrations, a reported orexigenic hormone (9, 10), were also observed following the
beverage vs. solid meal-replacement. These data suggest differential appetitive and
endocrine responses to food form in older adults. While the meal-replacements in our
previous study were iso-energetic, the beverage contained a significantly larger amount of
dietary carbohydrates, protein, and fiber along with a smaller amount of dietary fat
potentially influencing our findings. The primary aim of the current study was to more
closely examine the appetitive sensations and hormonal responses following consumption of
beverages and solid foods matched for energy content, fiber content, and macronutrient
composition.

Another dietary factor that significantly influences appetite and food intake is portion size.
Young and middle-aged adults consume more energy when provided with a larger portion
meal and may exhibit incomplete compensation over the remaining day compared to smaller
portions (11-13). Often there is little difference in appetitive sensations between these meals
(11-13). Whether this phenomenon also occurs in healthy older adults is generally unknown.
Our secondary aim was to further examine the influence of portion size on the appetitive
sensations and hormonal responses in healthy, non-obese, older adults.

Methods and Procedures

Subjects

Subjects were recruited through newspaper advertisements. Eligibility was based on the
following criteria: 1) men and women = 65 y; 2) body mass index (BMI) between 20 and 29
kg/m2; 3) not dieting and no weight loss or gain (>2 kg) within the past six months; 4) non-
smoking; 5) non-diabetic; 6) clinically normal blood profiles (normal liver and kidney
function; normal complete blood count; fasting blood glucose <110 mg/dL); and 7)
maintained a free-living, sedentary lifestyle. There were 224 men who were initially
interested in the study. Twenty-seven men met all study procedures and began the study,
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whereas only 13 subjects completed all study procedures. The subject characteristics are
presented in Table 1. Each subject was informed of the purpose, procedures, and potential
risks of participation in the study before signing an informed consent form approved by the
Purdue University Biomedical Institutional Review Board.

Experimental Design

Test-meals

This is a semi-randomized, partial cross-over design study incorporating food form (within
subject) and portion size (between subject) comparisons. In the spring of 2006, 25 men and
women completed 2 testing days separated by at least 48 h. Subjects arrived at the
laboratory following an overnight fast, voided, and were placed in a supine position. A
catheter was placed in an antecubetal vein of the non-dominant arm and kept patent for the
remainder of the testing period by saline drip. A baseline (fasting) blood sample was taken
and an appetite questionnaire was completed. At time 0 (approximately 0800 h), the subjects
randomly consumed a test meal containing 25% of estimated daily energy need in solid or
beverage form along with 88.7 mL of water. They had 15 minutes to consume the test meal.
Blood sampling and completion of appetite questionnaires were repeated over the next 4
hours. See Figure 1 for more detail. In the fall of 2006, 18 different men and women
completed the same 2 testing days except that the test meal contained 12.5% of estimated
daily energy need. Re-stated, while all subjects consumed the solid and beverage test meals,
25 subjects consumed these in 25% portion sizes while 18 other subjects consumed these in
12.5% portions. Subject characteristics are described according to the experimental groups
(Table 1).

The test meals were in the form of a “meal-replacement shake” (beverage) or a “meal-
replacement nutrition bar” (solid) specifically developed for this study by The Solae
Company® (St. Louis, MO). By design, there were no differences in the energy content and
macronutrient compositions between the beverage and solid forms of each of the respective
portion sizes. Further, there was no dietary fiber in either the beverage or solid. The
characteristics of the test meals are shown in Table 2. Daily energy need, required to
determine the amount of food to provide to the subjects, was estimated from the sex-specific
Harris Benedict equation*1.5 activity factor (14).

Prior to the first testing day, each subject completed a “taste-test” of the study treatments,
rating the palatability of the solid and beverage using a scale from 1-9 (1, extremely
unpleasant; 9, extremely pleasant). The palatability of each test meal is shown in Table 2.

Appetite Sensations

Appetite questionnaires, assessing appetitive sensations (i.e., hunger, fullness, desire to eat)
were completed at various time points throughout the testing period (Figure 1). A 13-point
numerical rating scale with the left anchor ‘1’ of “not at all” and the right anchor ‘13’ of
“extremely” was used to assess each sensation (5). Participants were instructed to circle the
vertical dash along the horizontal line corresponding to their feelings at that moment. The
results are reported using arbitrary units (au).
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Blood Sampling and Hormonal Indices

Eleven blood samples were taken during each testing period (Figure 1). The samples were
collected into tubes containing ethylenediaminetetraacetic acid (EDTA) and centrifuged at
3000 RPM and —-4°C for 15 minutes. The plasma was then separated and stored in
microcentrifuge tubes at —80°C for future analysis. Plasma glucose concentration was
measured by enzymatic colorimetry using an oxidase method on a COBAS Integra 400
analyzer (Roche Diagnostic Systems, Indianapolis, IN, USA). Plasma insulin concentration
was measured by an electrochemiluminescence immunoassay method on the Elecsys 2010
analyzer (Roche Diagnostic Systems, Indianapolis, IN, USA). Plasma total ghrelin,
cholecystokinin (CCK), and glucagon-like peptide-1 (GLP-1) were analyzed through
enzyme immunoassay (EIA) techniques utilizing EIA Kits and the standard manufacturers’
protocol (Phoenix Pharmaceuticals, Belmont, CA, USA). All samples from a given subject
were tested in duplicate and analyzed within the same assay.

Data and Statistical Analyses

All data were examined as percent change from baseline (fasting) and analyzed according to
the area under the curve (AUC) throughout the 4-h postprandial period. AUC measurements
were calculated using the trapezoidal rule (15). A two-way mixed factorial ANCOVA was
performed on the appetite sensations and hormonal responses to examine the between
subject (independent) effects of portion size (12.5 vs. 25%) and the within-subject (repeated
measures) effects of food form (solid vs. beverage test meals) when adjusting for age (i.e.,
age defined as a categorical variable consisting of 4 categories of 5-y intervals). The sample
size of 43 subjects (25 in the 25% portion size and 18 in the 12.5% portion) provided >80%
power to detect differences in appetite sensations between portion sizes and between the
solid and beverage test foods using the statistical approach mentioned. Pearson's correlation
analyses were performed to identify the relationship between the appetite sensations and
hormonal responses. All measurements are expressed as mean = SEM. An alpha level of
p<0.05, two-tailed, was considered statistically significant. Statistical analyses were
performed using the SPSS (Statistical Package for the Social Sciences; version 15.0; SPSS
Inc.; Chicago, IL).

Results

Appetite sensations

Regardless of food form or portion size, within 15 minutes of meal consumption, hunger and
desire to eat declined while fullness increased (See Figure 2). This was followed by a
gradual rise in hunger and desire to eat and a decline in fullness throughout the remaining
testing period.

Main effects of food form and portion size were observed for hunger sensations (Figure 3).
Postprandial hunger was higher after the first hour (1-h AUC data not shown) and remained
higher over the entire 4-h period following the beverage compared to solid (4-h AUC,

p<0.05) and 12.5% versus 25% portion size (4-h AUC, p<0.05) (Figure 3). Similar findings
were observed for desire to eat. The main effect of food form, not portion size was observed
for fullness (satiety). Specifically, fullness was lower after the first hour (1-h AUC data not
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shown) and remained lower over the entire 4-h period for the beverage versus solid food
forms (4-h AUC, p<0.01) (Figure 3). When adjusting for age, the main effects of food form
on 4-h hunger and fullness remained but disappeared for desire to eat while the main effects
of portion size no longer existed for any of these variables (Figure 3).

Hormonal Responses

The glucose and hormonal responses across the 4-h test period are shown in Figure 2. Meal-
related responses were observed within 15 minutes of meal-initiation for all indices. Food
form and portion size led to significant reductions in glucose and insulin responses after the
first hour (1-h AUC data not shown; p<0.05) and throughout the 4-h period when comparing
the beverage vs. solid meals and 12.5% vs. 25% portion sizes (4-h AUC, p<0.05) (Figure 3).
When adjusting for age, the main effects of food form and portion size for the 4-h glucose
responses remained whereas insulin was only found to differ between portion size groups
(Figure 3). The initial ghrelin response (i.e., ghrelin at 60 min) was higher following the
beverage (1275 + 539 %60 min) vs. the solid meal (44 + 194 %+60 min; p<0.05) and
tended to remain higher over the 4-h period (B: 1803 + 1395 %9240 min vs. S: -1048 + 737
%¢240 min, p=0.09). No difference in ghrelin was observed when comparing portion size.
The main effects of food form no longer remained after adjusting for age (Figure 3).
Concerning the GLP-1 and CCK responses, no differences were observed between food
form or portion size over the 4-h period with and without adjusting for age (Figure 3).

Relationship between the Appetite Sensations and Hormonal Responses

Postprandial hunger was found to be positively associated with postprandial desire to eat
(r=0.870; p<0.001) and ghrelin (r=0.263; p<0.05) and negatively associated with
postprandial fullness (r=—0.585; p<0.001) and insulin (r=-0.277; p<0.01). Fullness was
positively associate with postprandial insulin (r=0.301; p<0.01) and negatively associated
with postprandial desire to eat (r=—0.495; p<0.001) and CCK (r=—0.266; p<0.05).

Discussion

The current study sought to identify whether the homeostatic mechanisms involved with
appetite control are operational in healthy, non-obese, older adults as indexed by sensitivity
to manipulations of food form and portion size. Greater hunger and/or reduced satiety with
accompanying glucose, insulin, and ghrelin responses were observed following the beverage
vs. solid test meals in smaller vs. larger portions. Additionally, perceived appetite was found
to be associated with two key appetite-regulating hormones (i.e., insulin and ghrelin). These
findings suggest that the homeostatic mechanisms surrounding appetite control appear to be
largely operational in older, healthy adults. Our data also suggest that older adults appear to
have reduced sensitivity to beverages when consumed in smaller portions.

Obesity and under-nutrition, stemming from the anorexia of aging, are two opposing
phenomena that afflict the older adult population. While opposite, in nature, both are
characterized by alterations in the metabolic and hormonal processes that control appetite
and food intake and lead to a dysregulation of energy balance. These imbalances can
increase the risk of disease, infection, and other health complications that reduce quality of
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life (16). Healthy, non-obese, older adults exhibit similar alterations in energy balance, but
to a lesser extent, as obese and/or under-nourished older adults. Specifically, non-obese,
older adults experience reduced pre-meal hunger (17-19) and elevated postprandial fullness
(satiety) sensations (19) along with reduced fasting and postprandial glucose, insulin, and
ghrelin concentrations which may lead to impaired appetite and diminished food intake
(20-22). While these alterations exist, the data from our current study suggest that,
regardless of the impairment, appetite can be influenced by both food form and portion size
in healthy, non-obese, older adults.

Numerous (3-6, 8, 23, 24), albeit not all (24) studies in younger adults report reduced
postprandial satiety, glucose, and insulin responses following beverage vs. solid meals. In
our previous study involving older adults (age 61 + 3 y), postprandial hunger and desire to
eat sensations were elevated following the beverage vs. solid meals; these responses were
accompanied by elevated insulin and ghrelin concentrations with no change in CCK
concentrations (8). Unlike the test meals used in our previous study, the beverage and solid
test meals in our current study were closely matched for energy content, fiber content, and
macronutrient composition which allowed for a more accurate examination surrounding the
effects of food form on appetite. Our current study led to similar findings in that greater
postprandial hunger and desire to eat sensations along with reduced satiety were observed
following the beverage vs. solid meals. The beverage meal also led to elevated postprandial
insulin and ghrelin concentrations with no change in CCK and GLP concentrations
compared to the solid meal. Taken together these data suggest that beverage consumption
leads to reduced satiety and greater hunger sensations potentially due to the inability of
beverages to suppress ghrelin and insulin secretion. Thus, in older adults, the differential
appetitive sensations observed in response to food form appear to involve other mechanisms
not including the peripheral hormones GLP-1 and CCK.

Several studies have been performed to evaluate the long-term effects of consuming a
beverage supplement on body weight in under-nourished older individuals. Following the
4-6 month interventions, the daily consumption of a beverage supplement led to greater
weight gain compared to individuals not consuming the supplement (25, 26). Our study was
an acute, mechanistic study and not designed to examine whether beverages lead to weight
gain in undernourished adults. However, the differential responses observed following the
solid vs. beverage meals suggests that food form may be a key component when developing
beneficial strategies to establish energy balance in older adults.

Moderating portion size has been shown to significantly influence perceived appetite and
glucose and insulin concentrations in older adults (20, 27, 28). In a study involving healthy,
normal weight older women (72 + 2 y), circulating glucose and insulin were assessed over a
5-h period after the consumption of the following test meals: 0 (fasting), 250 kcal (snack-
size meal), 500 kcal (small meal), 1000 kcal (large meal). Compared to fasting and the
snack-size meal, the subjects showed exaggerated responses and a delayed return to pre-
meal glucose and insulin concentrations following the larger meals (20). Two additional
studies examined the impact of reducing portion size on appetite in older adults (27, 28).
Both hypothesized that the large quantities of food commonly provided to older individuals
may actually lead to a reduction in appetite; thus, reducing portion size would potentially
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improve these feelings and lead to an increase in food consumption. (27, 28). In one study,
reducing the size of the meal led to reductions in food consumption with no improvements
in appetite sensations suggesting that simply reducing meal size may not be beneficial (27).
However, in a more recent study, meal size was reduced along with increased energy
density. Using this design, the smaller, energy-dense meal provided 14% more energy than
the larger meal. The smaller, energy dense meal led to a 25% increase in food consumption
compared to the larger meal suggesting that altering portion sizes along with other food
properties may be a potential strategy to reestablish energy balance in older adults. The
previously mentioned studies included older men and women who were either hospitalized
or living in a long-term care community. Our current study included self-care, home-
dwelling, healthy, non-obese older individuals. While postprandial hunger and desire to eat
sensations along with postprandial glucose and insulin concentrations were reduced
following the smaller vs. larger portions, many of these differences no longer existed after
adjusting for age. Due to the experimental design, it is difficult to determine whether the
subjects in their late sixties and early seventies had a differential response to the 12.5% vs.
25% portion size compared to those in their late seventies and early eighties. However,
because age was a significant covariate and was associated with many of the appetite
sensations and hormonal responses, the data would suggest that age significantly impacts the
ability to differentiate between smaller vs. larger portion meals.

Several study limitations have been identified. First, this was a semi-randomized, partial
cross-over experimental design approach. While all subjects consumed the solid and
beverage test meals, different subjects consumed these in the 12.5% vs. 25% portion sizes.
Additionally, the 12.5% portion size group was significantly older than the 25% portion size
group. Thus caution is warranted when interpreting the food form results between portion
sizes as unintentional differences in the appetite sensations and hormonal responses may
have existed between the subject groups. By incorporating a two-way mixed factor
ANOVA, we were able to accurately examine the within and between-subject comparisons
of food form and portion size, respectively. To truly identify the influence of age on the
portion size effects, a complete crossover is warranted.

We also chose to include individuals who were non-obese which encompassed both normal
weight and overweight individuals (BMI: 20 and 29 kg/m?2). Even though the range is
somewhat large, the individuals within this range typically experience normal and/or
functioning appetite control and hormonal responses to test foods. According to Mourao et
al. (4), BMI has not been shown to influence appetitive responses. When examining the
possible relationship between our outcome measures (appetite sensations and hormonal
responses) and BMI, no associations were observed. Taken together, we are confident that
the incorporation of normal to overweight (i.e., non-obese) men and women led to
meaningful findings.

While the incorporation of the smaller and larger portion bars and beverages in an acute-
testing, controlled setting allowed examination of the influence of food form and portion
size on appetite, the extrapolation of the findings to whole foods and meals in a free-living
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environment is uncertain (29). Because only healthy older men and women participated in
this study, future work is needed to identify whether similar responses occur in obese and
lean older individuals. Additionally, while data in younger lean and obese subjects indicate a
significant influence of food form on the satiating properties of dietary protein,
carbohydrates, and fat (4), future studies are also needed to determine whether differential
responses to various macronutrients occur in older adults.

This study provides a first, but vital step, in identifying whether manipulations in food form
and portion size result in beneficial changes in perceived appetite and hormonal responses in
healthy, non-obese, older adults. However, to more comprehensively examine the
underlying mechanisms involved with food form and portion size, future research including
the measurements of gastric emptying and motility is warranted.

The results from our current study indicate that older adults experience greater hunger and
desire to eat sensations along with reduced feelings of fullness (satiety) when consuming
beverages vs. solid foods. The elevated ghrelin and reduced insulin responses following the
beverage test meal coincide with these sensations. Thus, older individuals appear to have
reduced sensitivity to beverage versus solid food form properties. Additionally, appetite
varied with portion size as indicated by the greater hunger and desire to eat sensations
experienced following the smaller vs. larger portions but was influenced by age. Taken
together, these data suggest that incorporating solid meals may be beneficial when
developing weight-loss strategies in overweight/obese individuals while beverages could
promote essential weight gain in under-nourished older men and women.
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| Portion Size: 12.5% vs. 25% Daily Energy Need (between subject) |

| Food Form: Solids(S) vs. Beverages (B) (within subject) |

Test-meal
(Svs. B)
A A A A A A A A A A A
B B B B B B B B B B B
| L1 | | | | | | |
| 1 | | | | | | |
Pre- o 4115 430 +60 +90 +120  +150 +180  +210 +240 min

meal

A: Appetite Questionnaires (Hunger, Fullness, Desire to eat)
B: Plasma Blood Samples: Glucose, Insulin, Ghrelin, Cholecystokinin (CCK),

Glucagon-like Peptide-1 (GLP-1)

Figure 1.
Experimental Design

Obesity (Slver Sporing). Author manuscript; available in PMC 2015 January 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leidy et al.

12.5% Portion Size (n=18)
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Figure2.

Time course of the appetite sensations and hormonal responses over the 4-h period
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following the solid vs. beverage test-meals between subjects consuming portion sizes of

12.5% vs. 25% in solid vs. beverage forms.
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a) 12.5% Portion Size b) 25% Portion Size
10000
m Solid 10000 m Solid
O Beverage [ Beverage

8000 - 8000 -

6000 - 6000

4000

. N

4000

2000 -

| &

AUC (% change from baseline®240min)
AUC (% change from baseline®240min)

-2000 | -2000

-4000 - -4000
Hunger Desireto Fullness Glucose Insulin  Ghrelin  GLP-1 CCK Hunger Desireto Fullness Glucose Insulin  Ghrelin  GLP-1 CCK
Eat Eat
Main Effects: E Form (Bever vs. Soli Portion Size (12.5vs. 259
Hunger F(1,38)=5.865 p<0.05 F(1,38)=4.227 p<0.05
Adj.Age: F(1,38)=6.134 p<0.05 NS
Desireto Eat F(1,38)=6.515 p<0.01 F(1,38)=12.087 p<0.001
Adj.Age: NS NS
Fullness F(1,38)=8.506 p<0.01 NS
Adj.Age: F(1,38)=8.437 p<0.01 NS
Glucose F(1,37)=18.598  p<0.001 F(1,37)=58.440  p<0.001
Adj.Age: F(1,37)=43.317  p<0.001 F(1,37)=50.502  p<0.001
Insulin F(1,34)=4.679 p<0.05 F(1,34)=13.432  p<0.001
Adj. Age: NS F(1,34)=11.818  p<0.005
Ghrelin F(1,33)=2.921 p=0.09 NS
Adj. Age: NS NS
GLP-1 NS NS
CCK NS NS
Figure 3.

Area Under the Curve (AUC) for the appetite sensations and hormonal responses over the 4-
h period following the solid vs. beverage test-meals between subjects consuming portion
sizes of 12.5% vs. 25% in solid (S) vs. beverage (B) form. Negative results (i.e., values
below zero) indicate a reduction from the fasting (pre-meal) state.
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Subject characteristics™

Table 1

12.5% Portion Size (n=18)

25% Portion Size (n=25)

Sex

Male (n) 9 11

Female (n) 9 14

* 75 (66-84 70 (64-84

Age ) | (66-84) | (64-84)
Height (cm) | 171 (155-188) | 170@s57-188)
Weight (kg) | 75.4 (57.0-96.5) | 74.0 (51.5-93.9)
BMI (kg/m?) | 25.8 (22.7-29.7) | 25.5 (20.8-29.9)
Fasting glucose (mg/dL) | 95 (84-106) | 94 (80-106)

One-way ANOVA: (p<0.05)
1Datat expressed as mean and range

*
12.5% Portion Size Group vs. 25% Portion Size Group
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Table 2

Test meal characteristics based on the portion size groups1 (12.5% vs. 25%)

12.5% Portion Size | 25% Portion Size

Solid |Beverage| Solid | Beverage

Energy Content (kcal/test-meal) | 264 +8 264 +8 533+14 | 533+14
Total mass (g/test-meal) 130+4 | 62617 260+8 | 1252+ 34

Macronutrient Composition1

CHO (g/test-meal) 36+1 36+1 73+2 73+2
Sugar (g/test-meal) 201 24+1 40+1 48+ 1
Fiber (g/test-meal) 0 0 0 0

PRO (g/test-meal) 13+1 13+1 27+1 27+1

Fat (g/test-meal) 81 8+1 161 161

Palatability? (au) R Txl 61
Viscosity-Beverage3 (cP) NA 215 NA 215
1013 NA 1013 NA

Hardness—SoIid4 (9)

1Data expressed as mean + SEM
2Palatability expressed as arbitrary units (scale 1-9)
3Measured with a Brookfield Rheometer (RVDV) (Brookfield, Corp.; Middleboro, Massachusetts)

4Measured with a Texture Analyzer (TA-TX2) (Texture Technologies Corp; Scarsdale, NY)

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Obesity (Slver Soring). Author manuscript; available in PMC 2015 January 18.



