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INTERVENTION AND PREVENTION

The Effects of Consuming Frequent, Higher
Protein Meals on Appetite and Satiety During
Weight Loss in Overweight/Obese Men

Heather J. Leidy"?, Minghua Tang? Cheryl L.H. Armstrong?, Carmen B. Martin’

and Wayne W. Campbell*

The purpose of this study was to determine the effects of dietary protein and eating frequency on perceived appetite
and satiety during weight loss. A total of 27 overweight/obese men (age 47 + 3 years; BMI 31.5 = 0.7 kg/m?) were
randomized to groups that consumed an energy-restriction diet (i.e., 750kcal/day below daily energy need) as either
higher protein (HP, 25% of energy as protein, n = 14) or normal protein (NP, 14% of energy as protein, n = 13) for

12 weeks. Beginning on week 7, the participants consumed their respective diets as either 3 eating occasions/day
(3-EO; every 5h) or 6 eating occasions/day (6-EO; every 2h), in randomized order, for 3 consecutive days. Indexes
of appetite and satiety were assessed every waking hour on the third day of each pattern. Daily hunger, desire to
eat, and preoccupation with thoughts of food were not different between groups. The HP group experienced greater
fullness throughout the day vs. NP (511 + 56 vs. 243 = 54mm - 15h; P < 0.005). When compared to NP, the HP

group experienced lower late-night desire to eat (13 £ 4 vs. 27 + 4mm, P < 0.01) and preoccupation with thoughts of
food (8 = 4 vs. 21 = 4mm; P < 0.01). Within groups, the 3 vs. 6-EO patterns did not influence daily hunger, fullness,
desire to eat, or preoccupation with thoughts of food. The 3-EO pattern led to greater evening and late-night
fullness vs. 6-EO but only within the HP group (P < 0.005). Collectively, these data support the consumption of HP
intake, but not greater eating frequency, for improved appetite control and satiety in overweight/obese men during

energy-restriction-induced weight loss.

Obesity (2011) 19, 818-824. doi: 10.1038/0by.2010.203

INTRODUCTION
Consuming more frequent, higher protein (HP) meals is one
of the more commonly practiced dietary strategies among
Americans to increase healthy eating and promote weight loss
(1,2). Although there is strong support regarding the consump-
tion of increased dietary protein for better appetite control and
satiety (3-9), conflicting data exist concerning the effects of eat-
ing frequency on these parameters (10-16). Specifically, diets
containing HP quantities, ranging from 18 to 35% of daily energy
intake, lead to reductions in daily hunger and/or increases in
daily fullness compared to those containing lower amounts of
dietary protein, ranging from 10 to 15% of daily energy intake
(3,8,17-19). With respect to the role of eating frequency on
appetite and satiety, several researchers reported reduced hun-
ger and increased fullness with greater eating frequency (11,15),
whereas others showed no differences (14,20).

Recently, our research group reported that dietary protein
and eating frequency did not affect perceived hunger but

altered fullness (21). A HP intake (i.e., 25% of daily energy) led
to increased daily fullness, whereas frequent eating (i.e., 6 eat-
ing occasions (EO)/day) led to reductions in daily fullness
(21). Although these data, obtained using a clinical laboratory-
based protocol, support the current literature with respect to
the satiating properties of increased protein intake, they refute
the concept that greater eating frequency leads to comparable
effects. The purpose of this study was to determine the inde-
pendent and combined effects of increased dietary protein
and greater eating frequency on perceived appetite and satiety
during weight loss in overweight/obese men, with measure-
ments made while participants maintained their usual, free-
living activities and environment.

METHODS AND PROCEDURES

Participants

This study was part of a 12-week longitudinal protocol designed
to examine the effects of normal protein (NP) vs. HP energy-restriction
diets on body weight, body composition, and appetite in overweight/
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obese men. Potential participants for the longitudinal study were
recruited through newspaper advertisements. Eligibility was based on
the following criteria: (i) men (ii) age 221 years; (iii) BMI 25.0-34.9 kg/
m? (iii) percent body fat >25%; (iv) not dieting; no weight loss/gain
(24.5kg) within the past 6 months; (v) nonsmoking; (vi) nondiabetic;
(vii) clinically normal blood profiles; and (viii) consistent activity and
dietary patterns over the past 3 months (as indicated from the dietary
and physical activity questionnaire documenting whether the partici-
pant had been following a special diet (e.g., weight loss, high-protein,
vegetarian, diabetic, low-fat, or lactose-free) and/or whether the partici-
pant’s work, exercise, and/or physical activity had dramatically changed
over the past 3 months).

A total of 58 men began the longitudinal study. In total, 29 men were
randomly assigned to each group; 13 men (22%) dropped out during
intervention weeks 1-6 due to time constraints and noncompliance.
Thus, 45 men were available to begin the eating frequency substudy, and
27 completed all eating frequency procedures. Of the 18 men who did not
complete the substudy procedures, 4 dropped out due to time constraints,
whereas the remaining 14 participants were noncompliant to the specific
eating frequency substudy requirements (see Study Compliance). Data
from these participants were excluded from all analyses. When com-
paring the subject characteristics of the completers vs. noncompleters
(i.e., dropouts and excluded), no differences were observed. Thus, the
subject characteristics of only those who completed all study procedures
are shown in Table 1. No differences in these measurements were found
between the protein groups.

Participants signed an informed consent form approved by the Purdue
University biomedical institutional review board and received monetary
compensation for completing all study procedures.

Dietary interventions

Longitudinal study. The participants were prescribed a diet that was
750kcal/day less than their daily energy need estimated as resting
energy expenditure x 1.5 activity factor using the Harris Benedict equa-
tion for men. This resulted in a daily consumption of 2,290 + 68 kcal/
day (22). The participants were randomly assigned to the NP diet con-
taining 14% protein (~0.8 g protein/kg/day), 60% carbohydrate, and
26% fat or the HP diet containing 25% protein (~1.4 g protein/kg/day),
49% carbohydrate, and 26% fat (Table 2).

The participants were provided with menus containing specified quan-
tities of brand-specific food items to purchase and consume. Except for
the weeks in which the eating frequency substudy was completed (see
below), the menus included a “3-meal + 1-snack” pattern; however, the
participants were permitted to follow any eating pattern they preferred
as long as all of the prescribed quantities of food were consumed by the
end of each day. In addition, the HP group was provided with portioned
quantities of cooked pork and egg products comprising 25 and 15% of
total protein intake, respectively. The NP group was given portioned
quantities of milk and consumed a diet void of striated tissue or eggs.
This study incorporated similar dietary procedures and strategies as our
previous 12-week intervention study in overweight/obese women (3).

Eating frequency substudy. Beginning at approximately week 7
(range: weeks 4-9) of the intervention, the participants completed the
2-week eating frequency substudy. For the first 3 days (i.e., Monday-
Wednesday) of each week, the participants were instructed to con-
sume their respective NP or HP diet as either 3 or 6-EO in randomized
order. For the 3-EO pattern, energy intake was equally divided among
all 3-EO and consumed every 5h. During the 6-EO pattern, energy
intake was equally divided among all 6-EO and consumed every 2h.
The participants were specifically provided with eating frequency
menus containing specific quantities of food to consume at specific
times throughout the day depending on which eating pattern they were
following that particular week. To document adherence to the diet and
eating times, the participants completed daily food and eating logs.
Regardless of pattern, days 1 and 2 served as acclimation days, and day
3 was considered the testing day.
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Appetite questionnaires

Appetite questionnaires, assessing hunger, fullness, desire to eat, and
preoccupation with thoughts of food were loaded onto a handheld per-
sonal digital assistant (Palm-Pilot M100; Palm Computing, Sunnyvale,
CA). The participants completed the questionnaires every waking hour
throughout days 2 and 3 of the 3-EO and 6-EO patterns. A reliable,
validated visual analog scale incorporating a 100-mm rating scale with
end anchors of “not at all” and “extremely” was used to assess each
sensation (23,24).

Study compliance

Study compliance was based on the following criteria collected from
day 3 of each eating frequency pattern: (i) at least 15 hourly appetite
and satiety questionnaires were completed; (ii) >95% of the food pre-
scribed in each eating occasion was consumed; and (iii) the prescribed
food was consumed within 1h of the prescribed eating time(s). As
previously stated, based on this criteria, 14 out of the initial 45 men
(who began the eating frequency substudy), did not meet this criteria.
Thus, only the data from the 27 participants who met these criteria are
reported.

Data and statistical analysis

Perceived hunger, fullness, desire to eat, and preoccupation with
thoughts of food responses throughout day 3 of each pattern were
each truncated to include a total of 15 time points. Daily, 15-h area
under the curve (AUC) was calculated (25). We further divided the
15-h period into three segments: period 1: time 1-6h; period 2: time
6-11h; and period 3: 11-15h and calculated individual AUCs for each
outcome with these periods. The trapezoidal rule was utilized for all
AUC measurements (22). Morning (i.e., first recorded responses of
the day) and late-night (i.e., last recorded response of the day prior
to sleep) appetite and satiety responses were also examined. A two-
way mixed-factor ANOVA was performed on the appetite and satiety
responses to examine between-subject (independent) effects of dietary
protein (HP vs. NP) and within-subject (repeated measures) effects of
eating frequency (3-EO vs. 6-EO). Due to the differences, albeit non-
significant, in participant age and energy content consumed in those
following the HP vs. NP diets, we initially included these outcomes as
covariates. Neither age nor energy content had a significant impact on
any of the appetite and satiety responses; thus, the data are reported
without controlling for these variables. Data are expressed as mean +
s.em. P < 0.05 is considered statistically significant. Analyses were
conducted using the Statistical Package for the Social Sciences (version
16.0; SPSS; Chicago, IL).

Table 1 Subject characteristics of the 27 participants who
completed all substudy procedures

Subject characteristics? NP(n=14) HP(@n=13)
Baseline (preintervention)
Age (years) 43+4 52+4
Height (cm) 177 +2 182+2
Weight (kg) 992+39 1052+3.8
BMI (kg/m?) 31.4+10  31.7+1.0
Start of eating frequency substudy
Weight (kg) 93.2+3.9 99.0+ 3.4
Difference from baseline (kg) -6.0+0.5 -6.2+0.6
BMI (kg/m?) 29.5+0.9 29.8+0.9
Difference from baseline (kg/m?) -1.9+£0.2 -1.9+0.2
Data expressed as mean + s.e.m.
HP, higher protein; NP, normal protein.
aNo differences were observed between NP vs. HP, P < 0.05.
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RESULTS

Dietary characteristics during the eating frequency
substudy

The dietary characteristics during the eating frequency sub-
study are reported in Table 2. No differences in 24-h energy
intake were observed when comparing the prescribed vs. actual
intakes between diet groups. By design, the HP group con-
sumed more protein vs. NP (26 £ 1 vs. 15 + 1% of energy intake
as protein; 1.54 + 0.03 vs. 0.84 + 0.03 g/kg body weight/day at
the time of testing; P < 0.001). The HP group also consumed
less carbohydrate vs. NP (51 £ 1 vs. 62 = 1 % of total intake
as carbohydrate; P < 0.001). No difference in dietary fat con-
sumption was observed between the HP vs. NP groups (both
groups: 26 £ 1 % of total intake as fat; nonsignificant (NS);
Table 2). Additionally, no differences in total energy intake,
protein, carbohydrate, or fat consumption were observed
between the 3 vs. 6-EO patterns (Table 2).

Perceived appetite

Hourly and AUC appetite responses are shown in Figure la—c.
No differences in daily hunger (-361 + 74 vs. —294 + 71 mm -
15h; NS), desire to eat (—425 + 76 vs. =260 + 74 mm - 15h; NS),
or preoccupation with thoughts of food (-126 + 46 vs. —114 +
45mm - 15h; NS) were observed between HP vs. NP groups nor
were there any differences when examined according to spe-
cific time periods (data not shown). Although no differences in
morning (i.e., waking) hunger and desire to eat were observed
between groups, preoccupation with thoughts of food tended
to be lower in the HP (17 + 5mm) vs. NP group (30 + 5mm;

Table 2 Dietary characteristics of the NP vs. HP diets

Subject characteristics?® NP (n=14) HP (n=13)
Prescribed diet

Energy content (kcal/day) 2,236 + 99 2,348 + 96

Protein (g/day) 81+3 162 + 6°

Carbohydrate (g/day) 351 +17 299 + 14¢

Fat (g/day) 64 +3 66 +3

Actual diet (during eating frequency)

Energy content (kcal/day) 2,139+109 2,350+ 113
(kcal/meal of the 3-EQ) 713 £36° 783 +38°
(kcal/meal of the 6-EO) 356+ 18 392 +19

Protein (g/day) 79+4 152 £ 5¢
(g/meal of the 3-EQ) 26 + 1° 51 + 2b°
(g/meal of the 6-EQ) 13+1 25+ 1¢

Carbohydrate (g/day) 334 +18 299 + 18¢
(g/meal of the 3-EO) 111 £6° 100 + 6°¢
(g/meal of the 6-EO) 56+3 50+ 3°

Fat (g/day) 62+3 66+3
(g/meal of the 3-EO) 21 +1° 22 +1b
(g/meal of the 6-EO) 10+1 11 +1

NP, normal protein; HP, higher protein.
aData expressed as mean + s.e.m. ®Within group, 3 vs. 6-EO, P < 0.05. °Between
group, NP vs. HP, main effect of diet, P < 0.05.
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P = 0.067). Late-night desire to eat and preoccupation with
thoughts of food were lower in the HP vs. NP groups (desire
to eat: 13 £ 4 vs. 27 £ 4mm, P < 0.01; preoccupation with
thoughts of food: 8 £ 4 vs. 21 + 4mm; P < 0.01).

Regardless of groups, no differences were observed between
the 3 vs. 6-EO patterns with respect to daily hunger (346 +
48 vs. =309 + 63mm - 15h; NS), desire to eat (=363 + 55 vs.
—-322 + 63mm - 15h; NS), or preoccupation with thoughts of
food (—87 + 38 vs. —152 + 44 mm - 15h; NS). No other differ-
ences were observed between eating frequencies.

Perceived fullness (satiety)

Hourly and AUC fullness responses are shown in Figure 2. The
HP group experienced greater daily fullness vs. NP (511 + 56
vs. 243 + 54mm - 15h; P < 0.005). According to specific time
periods, the HP group exhibited greater fullness during peri-
ods 1-3 vs. NP (all comparisons; P < 0.005; Figure 2). In con-
trast, morning fullness was lower in the HP group (14 + 4mm)
vs. NP (26 £ 4mm; P < 0.05). No differences in late-night full-
ness were observed between groups.

Within diet groups, no differences in daily fullness were
observed between the 3 vs. 6-EO patterns (Figure 2). However,
compared to 3-EO, the 6-EO pattern led to reduced evening
fullness (i.e., period 3; Figure 2; P < 0.005) and late-night full-
ness (3-EO: 57 £+ 4 vs. 6-EO: 39 £ 5mm; P < 0.005) but only
within the HP group. No difference in morning fullness was
observed between eating frequencies.

DISCUSSION

We examined the impact of consuming frequent, HP meals
on perceived appetite and satiety during weight loss in over-
weight and obese men. HP intake led to greater fullness
throughout the day along with reductions in late-night desire
to eat and preoccupation with thoughts of food compared to
an NP diet. In contrast, greater eating frequency had little
impact on these outcomes unless combined with an HP diet.
Taken together, these data support the approach of consum-
ing HP intake, but not eating more frequently, for improved
appetite control and satiety in overweight and obese men
during weight loss.

The dietary interventions in this study are similar in nature
to that of our previous study, comparing protein quantities of
14 vs. 25% of daily energy as protein in 3 vs. 6-EO patterns
(21). In our previous study, we found that dietary protein and
eating frequency had no effect on daily perceived hunger but
significantly altered satiety throughout the day. Although HP
intake led to greater daily fullness, eating more frequently led
to reductions in daily fullness (21).

This study extends these findings to include (i) a controlled-
feeding approach within a free-living environment; (ii) energy
restriction; and (iii) longer assessment periods of 15h. Using
this approach, the participants were permitted to maintain their
habitual, daily living activity patterns but were required to con-
sume only the portioned quantities of food prescribed and/or
provided to them, at specific times. Thus, the participants were
unable to respond to any changes in perceived appetite and/or
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Figure 1 Perceived (a) hunger, (b) desire to eat, and (c) preoccupation with thoughts of food throughout the day following the 3 vs. 6-EO patterns in
NP vs. HP diet groups. Closed diamonds, NP group following the 3-EO pattern; open diamonds, NP group following the 6-EO pattern; closed squares,
HP group following the 3-EO pattern; and open squares, HP group following the 6-EO pattern. Main effect of group: HP vs. NP at specific time points,
*P < 0.01; main effect of group: HP vs. NP at specific time points, TP = 0.067. EO, eating occasions; HP, higher protein; NP, normal protein.

satiety by increasing and/or decreasing energy intake. This
design allowed for the specific assessment of whether protein
and eating frequency alter perceived appetite and satiety with-
out the potential confounding effects of reduced activity pat-
terns (as observed in controlled-feeding laboratory trials) and
changes in ingestive behavior (i.e., compensatory feeding) dur-
ing weight loss. The findings from our current study are simi-
lar to our previous study (21) in that increased dietary protein
led to increased fullness throughout the morning, afternoon,
and evening hours compared to eating an NP diet, whereas the

OBESITY | VOLUME 19 NUMBER 4 | APRIL 2011

perceived sensations of appetite during these segments were
not altered with dietary protein (21). When comparing these
findings to other protein studies, both meal-related and daily
fullness are consistently increased with HP meals and/or diets
(3-5,7,17,18,26,27). In contrast, although the majority of acute,
meal-related studies illustrate reductions in post-meal appetite
following higher vs. NP meals (4,5,7,26-28), diet-related, inter-
vention studies find no significant changes in daily appetite
(3,17,21). These findings suggest that appetite-related drive to
eat is influenced more by physiological, environmental, social,
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protein; NP, normal protein.

and behavioral factors than by the energy content and macro-
nutrient composition of the diet (29). On the other hand, satiety
appears to be driven less by environmental, social, and behavio-
ral factors and more by meal-related factors such as increased
dietary protein (5,7).

We also examined several important time points in the
daily initiation and/or cessation of eating during weight loss.
One of the more unexpected findings was that of the reduced
morning (i.e., waking) fullness observed in the higher vs. NP
group, which might indicate a habitualization to dietary pro-
tein. However, upon closer examination, the reduced fullness
response was completely reversed upon eating the first meal
(i.e., eating occasion #1; Figure 2). We also found that late-
night desire to eat and preoccupation with thoughts of food,
two perceptions that are increased when dieting (30), were
reduced in the group that consumed the HP vs. NP weight-loss
diet. These findings indicate a reduced motivational drive to
eat with increased dietary protein (30,31) and suggest that HP
intake might lead to reduced late-night snacking and overeat-
ing in the evening, which are two leading contributors to poor
compliance when following a weight-loss diet (32).

Regarding the impact of eating frequency on appetite con-
trol and satiety, our previous study indicated no beneficial
effects of eating more frequently throughout the day (21). In
fact, frequent eating (i.e., eating every 2h) led to reduced full-
ness throughout the day compared to eating every 4h (21).
Although our current study found no differences in overall
appetite and satiety when comparing 3 vs. 6-EO, evening and
late-night fullness were reduced following the 6-EO pattern;
however, this was only observed when consuming an HP diet.
Besides our current and past studies, only one other study has
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examined these effects when providing 3 vs. 6-EO (33). The
participants were free-living and consumed diets 700 kcal/day
below energy needs over an 8-week period. Energy content
and timing of the eating occasions were varied and appetite
was only assessed for 6h during the controlled-feeding, clini-
cal testing trials (33). Regardless of the differences among study
designs, no differences in hunger, fullness, desire to eat, or
prospective food consumption were observed between eating
frequency patterns (33). Taken together, the overall findings
support that eating more frequently does not enhance appetite
control and satiety in overweight and obese individuals during
weight loss.

Several study limitations have been identified. By only
examining the impact of eating frequency during 2 weeks of
the 12-week intervention, we were unable to assess long-term
changes in appetite, body weight, or body composition. This
approach was used due to the uncertainty that the participants
would be able to adhere to the strict meal times (i.e., specifi-
cally with eating every 2h) in a free-living environment for
12 weeks. This concern was substantiated by the fact that only
60% of the participants who started the eating frequency sub-
study were able to adhere to the eating guidelines. Of those
who were noncompliant, 90% were specifically unable to follow
the 6-EO pattern. The lack of compliance might have occurred
due to the unfamiliarity with a 6-EO pattern, eating every 2h.
This adds further support that eating more frequently is not
the most appropriate or feasible eating strategy.

Utilizing a free-living study design prevented performing
blood collections and hormonal analyses necessary to identify
proposed mechanisms. According to our previous controlled-
feeding, laboratory-based study (21), consuming higher vs.
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normal dietary protein in 3 vs. 6-EO patterns leads to elevations
in the satiety hormone peptide YY. Reductions in the appetite-
stimulating hormone ghrelin following HP vs. NP intake have
also been reported (4,34,35).

The dietary interventions in our current and previous stud-
ies (21,26) incorporate animal-based protein sources from egg
and pork in the HP diets but eliminate these sources and all
other striated tissue sources in the NP diets. With this design,
we are unable to ascertain whether the protein effects on appe-
tite and satiety are due to the increase in dietary protein (i.e.,
protein quantity) in the form of eggs and pork or whether it
is the unique amino acid profile (i.e., protein quality) of these
protein sources that contribute to the differences. Thus, more
research is needed before generalizing these findings to other
protein sources including, but not limited to, milk or soy-based
protein sources.

We would like to mention that the differential effects
observed following the HP vs. NP diets may be partly attrib-
uted to the reduction in carbohydrate consumption (i.e.,
60-49% of energy as carbohydrate) prescribed in the HP diet
instead of simply the increased quantity of protein consumed
(i.e., 14-25% of energy as protein). Many of the studies com-
paring HP vs. NP diets keep dietary fat constant between
diets, in order to control for energy density, and thus reduce
carbohydrate content (3-7,9,17,18,26,27). Based on this
approach, it has been suggested that the effects of HP diets
might actually be due to the reduced carbohydrate content,
not increased protein. However, in a recent study, Weigle et al.
(8) addressed this issue by examining the effects of increased
protein intake while maintaining carbohydrate intake and
adjusting fat content accordingly. This study observed simi-
lar findings to that of HP/lower carbohydrate diets in that
the HP/constant carbohydrate diet led to increases in sati-
ety, reductions in daily energy intake, and greater weight loss
compared to the diet containing lower protein but similar
carbohydrate content (8).

Another important aspect of eating frequency not included
in this study pertains to the examination of infrequent eat-
ing (i.e., <3-EO) and/or skipping meals, which is suggested
to negatively influence appetite control (10,16). Future stud-
ies including this end of the eating frequency spectrum would
provide comprehensive evidence concerning the impact of eat-
ing frequency on the regulation of appetite and food intake.

In summary, during weight loss, HP intake improved daily
satiety and evening appetite control, whereas greater eating fre-
quency had relatively no impact on these outcomes. These data
suggest that an energy-restriction diet containing a moderate
increase in dietary protein consumed in 3-EO leads to better
appetite control and satiety in overweight and obese men.
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