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Short Communication
Increased dietary protein consumed at breakfast leads to an initial
and sustained feeling of fullness during energy restriction compared
to other meal times
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The objective of the study was to assess whether the timing of increased dietary protein throughout the day influences the feelings of fullness
during energy balance (EB) and restriction (ER). Nine men (age 48 (SEM 6) years; BMI 32·7 (SEM 0·7) kg/m2) randomly completed five controlled
feeding trials, each consisting of 3 d of EB, followed by 3 d of ER of a 3138 kJ/d (750 kcal/d) reduction). The diet was composed of a normal
amount of protein (NP) (0·8 g protein/kg per d), or an additional amount of protein (HP) (þ 0·6 g protein/kg per d) given at breakfast (HP-B),
lunch (HP-L), dinner (HP-D) or equally divided among all meals (HP-E). Meal-related (3 h postprandial) and overall (15 h composite) feelings
of fullness were assessed from thirteen-point, numbered, linear category scale questionnaires (reported as arbitrary units (au)). When comparing
HP treatments, the data are presented as difference from NP. No differences in meal-related or overall fullness were observed among HP treatments during EB. During ER, the HP-B led to greater meal-related fullness (þ 137 (SEM 44) au £ 180 min) compared to HP-D (21 (SEM 37)
au £ 180 min; P¼ 0·003), but not for HP-L (þ 62 (SEM 53) au £ 180 min; P¼ 0·188) or HP-E-B (þ 92 (SEM 85) au £ 180 min; P¼ 0·587). HP-B
also led to greater overall (15 h) fullness (þ 404 (SEM 162) au £ 900 min) v. HP-L (þ33 (SEM 162) au £ 900 min; P¼0·009) and HP-D (2 60
(SEM 132) au £ 900 min; P¼0·05), but not HP-E (þ274 (SEM 165) au £ 900 min; P¼ 0·188). The initial and sustained feelings of fullness following protein consumption at breakfast suggests that the timing of protein intake differentially influences satiety during ER.
Satiety: Breakfast: Dietary protein

The long-standing parental advice to ‘eat your breakfast; it’s
the most important meal of the day’ has recently acquired
scientific support as breakfast skipping is associated with an
array of unhealthful outcomes(1) including body weight gain,
overweight and obesity(2 – 5). Several recent studies have
shown that men and women consume more total energy
throughout the day, especially in the evening, when breakfast
is skipped(2,6). The types of foods consumed at breakfast may
also impact total energy intake. Dietary protein is the most
satiating of the macronutrients during energy restriction
(ER) and energy balance (EB) conditions(7). We have previously reported that acute consumption of a higher dietary
protein (28 g/meal) breakfast during ER leads to reduced
hunger and desire to eat and increased feelings of fullness
compared to consumption of a normal amount of dietary
protein (17 g/meal)(8). Data are limited concerning whether
the consumption of additional dietary protein at breakfast
leads to a greater differential appetitive response compared

to other meal times or when protein is given at each meal.
The purpose of the present study was to examine whether
increased dietary protein intake at breakfast, lunch, dinner,
or dividing it equally across meals influences short-term
self-reported fullness during EB and ER.

Materials and methods
Participants
Participants were recruited through newspaper advertisements.
Eligibility was based on the following criteria: (1) men $21
years; (2) BMI between 25 and 39·9 kg/m2; (3) not dieting and
no weight loss or gain (.4·5 kg) within the last 6 months; (4)
non-smoking; and (5) non-diabetic. Ten men began the study;
nine men completed all study procedures (48 (SEM 6) years;
BMI 32·7 (SEM 0·7) kg/m2). Each subject was informed of the
purpose, procedures and potential risks of participation in the

Abbreviations: au, arbitrary units; EB, energy balance; ER, energy restriction; HP, higher protein; HP-B, HP breakfast; HP-D, HP dinner; HP-E, HP equally divided
among all meals; HP-L, HP lunch; NP, normal protein.
* Corresponding author: Dr Heather J. Leidy, The University of Kansas Medical Center, fax þ1 913 588 8946, email hleidy@kumc.edu
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study before signing an informed consent form approved by
the University Biomedical Institutional Review Board.
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Participants reported to the metabolic kitchen for all meals
on 6 d consecutively for 5 weeks. Breakfast, lunch and dinner
were served between 07.00 and 09.00, 11.00 and 13.00, and
16.00 and 18.00 hours, respectively. Participants ate under
supervision of research staff and consumed all foods provided
to them. During each testing day, the subjects were instructed
to eat only the foods provided during the supervised breakfast,
lunch and dinner meals at the metabolic kitchen. While the
subjects were allowed to leave the kitchen after each meal
was consumed, they were not permitted to eat or drink anything besides water during the time between each meal. If a
subject consumed anything during this time, the quantity
and type of food or drink was recorded. None of the volunteers
reported eating or drinking anything extra.

Experimental design
A randomized cross-over design was utilized in which each subject completed the following five controlled feeding trials:
normal protein (NP), higher protein (HP) breakfast (HP-B),
lunch (HP-L), dinner (HP-D) and HP equally divided among
all meals (HP-E). Each trial consisted of 6 d. During the first
3 d (days 1 –3) of each trial, each subject was provided with
an EB diet. During the second 3 d (days 4–6), each subject
was provided with an individualized ER diet. During day 7,
the subjects were asked to follow their habitual energy intake.
In each trial, a three meal per day pattern was provided. Appetite was assessed throughout the 15 h period during days 3 and 6.

Appetite
Fullness, hunger and desire to eat were assessed over 15 h on
days 3 and 6 by responses to questions such as ‘How strong is
your feeling of fullness?’ during the following times: pre-meal
(2 30 min), þ30, þ 60, þ90, þ120, þ180 min post-meal for
breakfast, lunch and dinner. Responses were recorded on a
thirteen-point, numbered, linear category scale. The end
anchors were ‘not at all’ to ‘extremely’. Participants were
instructed to circle the vertical dash along the horizontal line
corresponding to their feelings at that moment, and the results
are reported using arbitrary units (au).
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Diet
The subjects’ energy needs were estimated to be 1·5 times
their resting energy expenditure calculated using the Harris–
Benedict equation for men(9). The ER diet was then determined as 3138 kJ/d (750 kcal/d) less than their estimated
energy need. The NP-EB diet consisted of 11 % of total
energy from protein, 64 % of total energy from carbohydrate
and 25 % of total energy from fat, whereas the NP-ER diet
consisted of 14 % of total energy from protein, 61 % from
carbohydrate and 25 % from fat. Both NP diets contained
0·8 g protein/kg per d equally divided among breakfast,
lunch and dinner and was void of eggs and all striated
tissue, including pork. The HP-EB diet was composed of
18 % of total energy from protein, 57 % from carbohydrate
and 25 % from fat, whereas the HP-ER diet was 25 % of
total energy from protein, 50 % from carbohydrate and 25 %
from fat. Both HP diets contained 1·4 g protein/kg per d,
with 15 and 25 % of total protein provided from egg and
pork products, respectively. The additional 0·6 g protein/kg
per d was provided as animal protein from eggs and pork
and was consumed at breakfast, lunch, dinner or equally
divided among all meals (0·2 g protein/meal). For the breakfast, lunch and dinner trials, the meals not containing
additional protein were identical to the NP meals. Additional
meal nutrient content information is provided in Table 1 and
a sample menu is provided in Appendix 1.

Data and statistical analyses
To assess the acute appetite responses, the meal-related 3 h
postprandial fullness, hunger and desire to eat area under the
curves were calculated for the HP meal in each HP treatment,
each NP meal in the NP treatment, and each HP meal in the
HP-E treatment. To assess the sustained appetite response,
the 15 h (overall) area under the curves were determined for
each treatment. All area under the curve measurements were
calculated using the trapezoidal rule(10). The NP treatment
was incorporated into the study design to provide the reference
(i.e. ‘normal’) responses for the meal-related and overall feelings of fullness, hunger and desire to eat. All data throughout
each of the HP treatments are therefore expressed as the
difference (D) from NP.

Table 1. Dietary characteristics of the normal protein (NP) v. higher protein breakfast (HP-B), lunch (HP-L), dinner (HP-D) and equally distributed
(HP-E) energy balance (EB) and energy restriction (ER) diets in nine volunteers*
(Mean values with their standard errors)
NP meals

HP-B, HP-L, HP-D†

EB
Dietary characteristics
Meal (kJ/meal)
Protein (g/meal)
Carbohydrate (g/meal)
Fat (g/meal)

Mean
a

4280
28·8a
168·2a
29·1a

ER
SEM

109
0·8
4·4
0·7

Mean
c

3314
28·0a
124·5d
22·4b

EB
SEM

109
0·8
4·1
0·8

Mean
b

4431
92·2b
105·3b
29·8a

HP-E‡

ER
SEM

117
2·8
4·0
0·8

Mean
c

3452
92·0b
61·4e
23·2b

EB
SEM

117
2·7
3·5
1·0

Mean
a

4301
49·8c
147·2c
29·4a

ER
Mean

SEM

113
1·3
3·9
0·8

c

3494
50·0c
110·8f
23·1b

a–f
Mean values within a row with unlike superscript letters were significantly different (repeated measures ANOVA within and between treatments; P, 0·05).
* For details of subjects and procedures, see Materials and methods.
† Dietary characteristics only correspond to the HP meal. During each of these trials, the non-HP meals were the same as the NP meals.
‡ Dietary characteristics were consumed at each of the three meals of a given day of the trial.

SEM

126
1·5
4·9
0·8
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To examine the main effect of protein timing, a repeated
measures ANOVA was performed on the meal-related and
overall appetite responses during EB and ER. When main
effects were detected, post hoc analyses were performed
using Least Significant Difference procedures. This statistical
approach led to greater than 80 % power (0·87) to detect
differences in meal-related and overall appetite among treatments. All measurements are expressed as means and their
standard errors. An a level of P, 0·05, two-tailed, was considered statistically significant. Statistical analyses were performed using the Statistical Package for the Social Sciences
version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
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Meal-related (3 h postprandial) fullness
While no difference in meal-related fullness was observed among
the HP treatments during EB (data not shown), the HP-B
during negative EB led to greater meal-related fullness (þ137
(SEM 44) au £ 180 min) v. HP-D (21 (SEM 37) au £ 180 min;
P¼0·003). The response to the HP-B did not differ significantly
from the HP-L (þ62 (SEM 53) au £ 180 min; P¼0·188) or
HP-E-B (þ92 (SEM 85) au £ 180 min; P¼0·587).
Overall (15 h composite) fullness
No difference in overall fullness was observed among the HP
treatments during EB (data not shown). During ER, the HP-B
elicited greater fullness throughout the 15 h (þ404 (SEM 162)
au £ 900 min) compared to HP-L (þ33 (SEM 162) au £ 900 min;
P¼0·009) and HP-D (260 (SEM 132) au £ 900 min; P¼0·05)
(Fig. 1). The response to the HP-B did not differ significantly
from the HP-E (þ274 (SEM 165) au £ 900 min; P¼0·188) (Fig. 1).

Meal-related and overall hunger and desire to eat
No differences in the meal-related and overall hunger and
desire to eat responses were observed during EB. During
ER, the meal-related and overall hunger and desire to eat
responses tended to be comparable to the fullness responses
but were not as statistically strong (data not shown).
Discussion
While the satiating property of increased dietary protein
has been independently observed during breakfast(7,8) and
lunch(7,11), the relative efficacy of consuming protein in different patterns is not known. We found that during ER, increased
dietary protein at breakfast led to greater initial and/or sustained increases in fullness compared to lunch and dinner.
Hunger and desire to eat were measured along with the feelings of fullness. We chose to specifically report the fullness
(satiety) response due to the well-established satiating properties of protein(7) and the strong association with food intake
which is not consistently observed with the hunger and/or
desire to eat responses(12,13).
The differences in fullness observed between breakfast and
the other meals may be a reflection of the greater change in
macronutrients from the subject’s habitual breakfast consumption. Since most Americans typically consume a relatively
small amount of dietary protein at breakfast (15 % of total
daily protein) in comparison to other meal times(14), the
exposure to a disproportionately higher protein test-meal breakfast could potentially lead to a greater feeling of fullness than at
other meal times. This is supported by Long et al. (15) who examined whether the appetite responses to a higher protein test
meal were influenced by habitual protein intake. The subjects
habitually consuming a lower protein diet experienced greater

Fig. 1. Fullness responses across the day during the higher protein (HP)-breakfast (B), lunch (L), dinner (D) or equally divided (E) treatments during energy
restriction. (A), Fullness responses at each time-point (W, HP-B; X, HP-L; K, HP-D, O, HP-E; B, normal protein (NP)). Values are means. au, arbitrary units. (B),
Fullness area under the curve over the entire 15 h period. Values are means with their standard errors depicted by vertical bars. a,b Mean values with unlike superscript letters were significantly different (repeated measures ANOVA between treatments; P, 0·05).
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postprandial satiety following the higher protein test meal compared to those who habitually consumed a higher protein diet.
This would suggest that our differential satiety response at
breakfast may have been simply due to the change in diet and
not the timing of protein consumption. We previously evaluated
whether protein habitualization during weight loss influenced
the acute, meal-related appetitive responses(8). Unlike that of
Long et al. (15), the appetite responses following the higher
protein meal v. the normal protein meal in the present study
were unaffected by chronic protein intake(8).
Along these lines, our experimental design incorporated
three meals of equivalent energy intake. Since breakfast is
typically much smaller than the lunch or dinner meals(6), the
larger breakfast in the current study may have influenced the
raw fullness responses. We chose to compare each treatment
according to the difference from the NP treatment, which
also incorporated a larger breakfast, to counter any differences.
We believe the satiating effects of protein at breakfast in the
current study are not a result of the change in habitual diet.
The effects of increased protein when equally divided
among all meals were also examined. We anticipated greater
overall fullness during this treatment as a small amount of protein at every eating occasion should theoretically sustain feelings of fullness throughout the day. No difference in fullness
was observed between this treatment and any of the other
higher protein treatments. Further, this treatment led to similar
fullness compared to the normal protein treatment. This may
be explained by the fact that most increased protein studies
incorporate protein amounts on the order of approximately
75 g protein/meal or greater(7). Our HP-E treatment contained
approximately 50 g/meal, suggesting a threshold or graded
effect may exist for the amount of protein consumed at one
time to yield differences in appetite. Additional studies are
needed to characterize the dose–response relationship.
The present study also indicates that the satiating properties
of protein are affected by energy status as no difference in fullness was observed between the normal protein and increased
dietary protein during EB. In a comprehensive review by
Halton & Hu(7), eleven of fourteen studies found greater satiety
with increased dietary protein. This finding is also supported by
two recent studies(16,17). Several main differences exist when
comparing these studies to our current study: (1) the dietary
protein in these studies ranged from 30 to 100 % of total
energy intake(7,16,17), whereas the current study was only
18 % in the EB segment; (2) many of these studies incorporated
healthy men and/or women, while the current study targeted
overweight and/or obese men; (3) lastly, none of these studies
compared the increased dietary protein among all three
meals(7,16,17). The present data imply that the satiating effect
of increased dietary protein is blunted when consuming 18 %
of total energy intake as protein in an EB state while other
data support that consuming larger amounts of dietary protein
will lead to greater satiety during EB.
We have suggested an increased sensitivity to dietary
protein during breakfast as compared to other meal times.
Due to the fact that the satiating properties of dietary protein
consumed at dinner were completely abolished (as evidenced
by the similar postprandial fullness response to that of the
normal protein treatment), it may, in actuality, be the reduced
sensitivity to dietary protein during lunch and dinner. This
would support the concept that individuals appear to be less
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satiated towards evening leading to increased meal size and
shorter inter-meal intervals throughout the day(2).
The present data lend further support for the need to incorporate increased dietary protein at breakfast when designing
effective energy-restricted diets. Several study limitations
exist. First, the findings are derived from acute subjective
measures of fullness (satiety) from questionnaires. While the
data indicate differential fullness responses among the treatments, the present study design does not allow for the examination of whether these fullness responses would lead to
differences in food intake. According to Parker et al. (12) and
Flint et al. (18), subjective sensations assessing fullness from
questionnaires are highly predictive and/or correlated with
food intake. Thus, we are confident that the present data provide important and unique findings concerning the timing of
protein consumption in relation to appetite and food intake.
The hormones involved with the regulation of food intake
and body weight were not examined. Further research is
necessary to confirm the present findings, document changes
in food intake, and to explore the underlying mechanisms
and long-term implications for EB and body weight control.
Lastly, the present study only examined the effect of
increased animal protein (provided from the pork and eggs).
While research suggests comparable fullness (satiety) between
meals containing animal-based (egg albumin) protein v. plantbased protein (i.e. soya)(19), we did not test this in the present
study. Thus, caution should be made concerning the generalizability of the present data.
Conclusions
The differential appetitive responses following increased protein intake at breakfast compared to other meal times suggest
that the satiating property of dietary protein is influenced by
the timing of protein consumption.
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Appendix 1. Sample subject energy restriction menus
Higher protein breakfast (HP-B)

Higher protein lunch (HP-L)

Higher protein dinner (HP-D)

Higher protein equally divided (HP-E)

Breakfast
Entre:
5 Eggo waffles
85 g pancake syrup
14 g margarine
5 slices meatless bacon
Sides:
367 g FF milk

Breakfast
Sandwich:
2 slices whole wheat bread
9 slices Canadian bacon
126 g egg substitute
Sides:
1 large hard-boiled egg
126 g cranberry juice
245 g FF milk
59 g banana
226 g low-carbohydrate yogurt

Breakfast
Entre:
5 Eggo waffles
57 g pancake syrup
14 g margarine
5 slices meatless bacon
Sides:
124 g orange juice
306 g FF milk

Breakfast
Entre:
5 Eggo waffles
85 g pancake syrup
14 g margarine
5 slices meatless bacon
Sides:
367 g FF milk

Breakfast
Sandwich:
2 English muffins
3 slices Canadian bacon
63 g egg substitute
2 meatless sausage patties
1 slice FF American cheese
Sides:
173 g melon
186 g apple juice
15 grapes

Lunch
Entre:
42 g meatless beef
110 g lettuce
28 g blue cheese
28 g Italian dressing
Sides:
2 slices sourdough bread
92 g broccoli
124 g pears with 38 g low-fat
whipped topping
214 g fruit cocktail
248 g soda

Lunch
Sandwich:
2 slices whole wheat bread
3 slices of meatless bacon
20 g lettuce
8 g FF mayonaise
2 slices FF American cheese
2 slices tomatoes
1 dill pickle
Sides:
25 potato chips
132 g pie filling
26 g low-fat whipped topping
1 frozen ice cream sandwich

Lunch
Sandwich:
2 slices whole wheat bread
198 g extra lean ham
168 g egg substitute
20 g lettuce
8 g FF mayonaise
4 slices FF American cheese
60 g tomatoes
Sides:
10 potato chips
245 g FF milk

Lunch
Sandwich:
2 slices whole wheat bread
4 slices meatless bacon
20 g lettuce
5 g FF mayonaise
1 slice FF American cheese
60 g tomatoes
1 dill pickle
Sides:
25 potato chips
132 g pie filling
10 g low fat whipped topping
1 frozen ice cream sandwich
184 g FF milk

Lunch
Salad:
71 g extra lean ham
63 g egg substitute
56 g meatless beef
35 g mushrooms
68 g green beans
3 dried prunes
30 g Italian dressing
110 g lettuce
82 g corn
Sides:
1 dinner roll
5 g margarine
2 chocolate éclairs

Dinner
Entre:
4 wheat tortillas
25 g peppers
74 g carrots
105 g onions
5 g olive oil
28 g cheddar cheese
32 g sour cream
62 g salsa
120 g red beans
Sides:
96 g sherbet

Dinner
Entre:
4 meatless meatballs
158 g mashed potatoes
105 g green beans
112 g carrots
55 g lettuce
40 g tomatoes
3 g olive oil
3 g vinegar
Sides:
2 dinner rolls
143 g fruit cocktail
19 g low-fat whipped topping
2 low-fat devil’s food cookies

Dinner
Entre:
210 g spaghetti noodles
21 g meat crumbles
125 g spaghetti sauce
5 g olive oil
Sides:
55 g lettuce
40 g tomatoes
28 g FF mozzarella cheese
28 g Italian dressing
1 slice sourdough bread
14 g margarine
62 g peaches
9 g low-fat whipped topping
1 piece of angel food cake

Dinner
Entre:
2 wheat tortillas
170 g pork loin
168 g egg substitute
3·5 slices American cheese
32 g sour cream
Sides:
245 g FF milk

Dinner
Entre:
57 g pork loin
63 g egg substitute
42 g stuffing
Sides:
1 dinner roll
14 g margarine
1 snack-size chocolate pudding
1 low-fat devil’s food cookie
490 g FF milk
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Normal protein (NP)

FF, fat-free.
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