
Original Research Communications

Within-day protein distribution does not influence body composition
responses during weight loss in resistance-training adults who are
overweight
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ABSTRACT
Background: Emerging research suggests that redistributing total
protein intake from 1 high-protein meal/d to multiple moderately
high-protein meals improves 24-h muscle protein synthesis. Over
time, this may promote positive changes in body composition.
Objective: We sought to assess the effects of within-day protein
intake distribution on changes in body composition during dietary
energy restriction and resistance training.
Design: In a randomized parallel-design study, 41 men and women
[mean 6 SEM age: 35 6 2 y; body mass index (in kg/m2): 31.5 6
0.5] consumed an energy-restricted diet (750 kcal/d below the require-
ment) for 16 wk while performing resistance training 3 d/wk. Subjects
consumed 90 g protein/d (1.0 6 0.03 g $ kg21 $ d21, 125% of the
Recommended Dietary Allowance, at intervention week 1) in either a
skewed (10 g at breakfast, 20 g at lunch, and 60 g at dinner; n = 20) or
even (30 g each at breakfast, lunch, and dinner; n = 21) distribution
pattern. Body composition was measured pre- and postintervention.
Results: Over time, whole-body mass (least-squares mean 6 SE:
27.9 6 0.6 kg), whole-body lean mass (21.0 6 0.2 kg), whole-
body fat mass (26.9 6 0.5 kg), appendicular lean mass (20.7 6
0.1 kg), and appendicular fat mass (22.6 6 0.2 kg) each decreased.
The midthigh muscle area (0 6 1 cm2) did not change over time,
whereas the midcalf muscle area decreased (23 6 1 cm2). Within-
day protein distribution did not differentially affect these body-
composition responses.
Conclusion: The effectiveness of dietary energy restriction com-
bined with resistance training to improve body composition is not
influenced by the within-day distribution of protein when adequate
total protein is consumed. This trial was registered at clinicaltrials.
gov as NCT02066948. Am J Clin Nutr 2017;106:1190–6.
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INTRODUCTION

Health-promoting weight loss strategies typically are designed
to produce positive changes in body composition, including fat
mass loss and the preservation of lean body mass (1). Higher total

dietary protein intakes (1.2–1.5 g $ kg21 $ d21) help preserve
lean mass and improve body composition during weight loss in
young, middle-aged, and older adults (2–6). During the past
decade, within-day distribution of dietary protein has emerged
as a possible modifier of body composition and skeletal mus-
cle size (7–9). The concept is to redistribute daily total
protein intake from mostly being consumed at 1 high-protein
meal (skewed distribution) to being evenly consumed at 3
moderate-protein meals (7). One specific within-day protein
distribution strategy promoted in the scientific (10), clinical
(11), and lay-public literature is to evenly divide 90 g
protein/d between three 30-g protein meals. Currently, the sci-
entific foundation for recommendations to evenly distribute
daily protein intake between 3 meals comes mainly from
short-term feeding studies utilizing protein supplements (12)
or lean beef (10), which included measurements of muscle
protein synthesis (MPS) rates. The initial study reported that
evenly redistributing daily protein into multiple moderately
high-protein meals resulted in a 25% greater (faster) 24-h
MPS rate than a skewed protein distribution (10). Subsequent
research also reported a 19% greater MPS rate after a 13-h
period with even or skewed protein intake (12). Collectively,
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these early results suggest that daily MPS rates are greater
when meal-to-meal protein intake is evenly distributed, com-
pared with a typical skewed protein intake that contains only 1
much larger-protein meal/d.

Theoretically, a greater daily MPS rate will positively affect
body composition over time (13), particularly in situations in
which there may be an increased risk of a reduction in lean body
mass. Dietary energy restriction is a robust catabolic stimulus that
reduces fat mass and usually reduces lean mass and muscle size
(14–16). Alternatively, resistance training is an anabolic stimulus
that increases the rate of MPS (17–20) and promotes increases in
lean mass, including skeletal muscle (21). Currently, a paucity of
longitudinal research studies exist that critically assess whether
within-day protein distribution helps retain lean body mass during
periods of purposeful weight loss when consumed within the
context of practical dietary patterns utilizing whole foods. The aim
of this study was to assess the effects of within-day protein intake
distribution during dietary energy restriction on changes in lean
body mass and midthigh muscle area while resistance training. We
hypothesized that evenly distributing daily protein intake with
concurrent resistance training would result in the retention of lean
body mass during periods of energy restriction compared with
skewing protein intake. The even within-day protein distribution
may offer adults who are overweight or obese another dietary
strategy to improve their body composition during intentional
weight loss without altering total protein intake.

METHODS

Experimental design

This 18-wk study included a 2-wk baseline testing period,
followed by a 16-wk randomized controlled intervention period
(Supplemental Table 1). During the intervention period, all
subjects consumed a controlled, energy-restricted diet and par-
ticipated in a progressive overload resistance training program.
Each subject was randomly assigned (using an online random-
ization plan generator; http://www.randomization.com/) to 1 of
2 dietary groups and was instructed to consume meal-specific
foods and beverages to achieve an even or skewed within-day
protein distribution (EVEN or SKEW, respectively). The clinical
laboratory manager, J Green, who was not involved in data
collection or analysis, generated the random allocation sequence
and assigned subjects to the intervention. Postintervention test-
ing was completed during intervention week 16. All subjects
were instructed to maintain their habitual types and levels of
physical activities aside from the prescribed resistance training.

Subjects

Fifty-eight adults recruited from the greater Lafayette, Indiana,
community provided written consent before participation. This
study was conducted between January 2014 and November 2015
and was stopped after recruitment goals were met. Study inclusion
criteria were as follows: age 19–50 y, BMI (in kg/m2) of 27.0–34.9,
stable weight (64.5 kg during previous 3 mo), nonsmoking status,
not diabetic, no acute illness, not pregnant or lactating, ability to
exercise, not claustrophobic and able to complete MRI testing, and
willing and able to travel to testing facilities. The study protocol
and all study documents were approved by the Purdue University

Biomedical Institutional Review Board. This study was registered
at clinicaltrials.gov as NCT02066948.

Fifty-four subjects completed all baseline testing and started
the intervention, whereas 4 subjects (EVEN, n = 2; SKEW, n = 2)
dropped out before starting the intervention because of personal
conflicts with the menu (n = 3) or a scheduling conflict (n = 1).
Thirteen subjects left the study during the intervention period
(EVEN, n = 7; SKEW, n = 6) for personal reasons (n = 5), time
commitment (n = 2), noncompliance with the menu (n = 3),
noncompliance with exercise (n = 1), medication change (n = 1),
or pregnancy (n = 1). Forty-one subjects [EVEN: n = 21 (6 men
and 15 women); SKEW: n = 20 (9 men and 11 women); race-
ethnicity: African American, n = 1; Asian/Pacific Islander, n = 2;
and Caucasian, n = 38] completed all study procedures and their
data were analyzed (Figure 1).

Diet intervention

Each subject’s total energy requirement was estimated be-
fore the study through the use of sex-specific equations for
overweight or obese adults with a low activity level (physical
activity coefficients were 1.12 for men and 1.16 for women)
(22). Throughout the intervention period, each subject con-
sumed a diet providing 750 kcal/d less than their estimated
energy requirement. The diets consisted of a 1400 kcal/d base
diet that contained 90 g protein, 40 g fat, and 170 g carbohy-
drate (i.e., a 35–65% ratio of nonprotein energy intake from fat
and carbohydrate) and were designed so that all foods were
consumed at breakfast, lunch, and dinner. Additional fat and
carbohydrate was added to each subject’s daily intakes, as
necessary, to achieve his or her individualized energy allow-
ance while maintaining the 35–65% fat-to-carbohydrate ratio.
For all subjects, the prescribed within-day distribution of total
energy intake was w20% breakfast, 30% lunch, 36% dinner,
and 14% snacks, respectively. The prescribed within-day pro-
tein distributions of the 2 groups were as follows: 1) EVEN:
30, 30, and 30 g protein/meal consumed at breakfast, lunch,
and dinner, respectively, and 2) SKEW: 10, 20, and 60 g protein/
meal, respectively. Foods consumed as snacks contained minimal
protein. Dietary protein sources are listed in Supplemental Table
2. The individualized menus were developed by A Wright,
a registered dietitian, using ProNutra software (Viocare Inc.). The
within-day energy and protein distributions of the SKEW pattern
were consistent with NHANES distributions (8).

A digital platform scale (model ES200L; Ohaus Corporation)
was used to measure body mass at baseline and once weekly
during the intervention period. If body mass loss was,0.5 kg/wk
for 2 consecutive weeks, the subject’s energy intake was low-
ered by reducing nonprotein energy intake. At baseline, each
subject’s 24-h food intakes were assessed for energy and mac-
ronutrient contents using a 3-d food record (Nutrition Data
System for Research software, version 2014; Nutrition Co-
ordinating Center, University of Minnesota). Salting and herbal
seasoning of food, water, and non–energy, caffeine-containing
beverages were allowed ad libitum during the intervention.
Subjects were provided with a digital food scale (Salter
Microtronic Electronic Kitchen Scale) to aid in measuring por-
tion sizes. All diet-related activities and assessments were per-
formed in conjunction with the Indiana Clinical Research Center
Bionutrition Facility at Purdue University.
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Dietary compliance

During the intervention, dietary compliance was assessed
through the use of daily menu checklists and periodic pre- and
postmeal date- and time-identified photography. The study di-
etitian and other research staff members also contacted subjects
weekly in person, by E-mail, and by phone to encourage com-
pliance with the prescribed menus. See Supplemental Table 3
for more information about dietary compliance measures.

Resistance training

All subjects performed 3 sets of resistance exercises on 3
nonconsecutive days per week. The exercises included the seated
chest press, seated upper back row, seated bilateral leg extension,
seated bilateral angled leg presses and seated bilateral leg curl
(core exercises) and 2 additional auxiliary exercises (Technogym).

The hip abductor and seated shoulder press exercises were al-
ternated every other training session with the latissimus dorsi pull
down and hip adductor exercises. The first set for each exercise
was completed in 8–10 repetitions, with the last 2 sets completed
to volitional fatigue. In weeks 1, 2, and 3–16 of the intervention,
subjects performed each exercise at 60%, 70%, and 80% of their
most recently measured 1-repetition maximum, respectively.
Each training session was supervised, lasted w1 h, and included
10-min warm-up and cool-down periods consisting of low-
intensity aerobic exercise and stretching.

During baseline and every fourth week, 1-repetition maximum
testing was performed to measure subjects’ maximal strength on
the 5 core exercises. Measurements were taken on the same
machines used for training. Whole body strength was considered
the sum of the 1 repetition maximums for 4 core exercises. The
seated bilateral angled leg press core exercise was removed from

FIGURE 1 Study recruitment flow diagram.
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the analysis of composite whole body strength because the
subject’s strength often exceeded the machine’s available re-
sistance. Further details regarding the resistance training pro-
tocol are listed in Supplemental Table 3.

Resistance training compliance

Resistance training attendance was documented to assess
compliance with the intervention procedures. Only one subject
was removed from the intervention for continued absence from
resistance training sessions. Resistance training compliance was
calculated as the percentage of resistance training sessions
attended out of 48 total sessions.

Body composition

At baseline and intervention week 16, fasting state whole body
mass, fat mass, and soft tissue lean mass were measured with dual-
energy X-ray absorptiometry (GE Lunar Prodigy with version 11.1
enCORE iDXA software). Procedures are detailed in Supple-
mental Table 2. We used MRI (3T General Electric Signa HDx
system) to measure the right midthigh and calf muscle areas for
cross-sectional area, muscle area, subcutaneous fat area, and in-
tramuscular adipose tissue (IMAT) area. See Supplemental Table 3
for more information on MRI procedures and image processing.

Statistical analysis

Analyses were completed with data from the 41 subjects who
finished the intervention. To reflect that subject age and sex were
used as covariates, all results are presented as least-squares
means 6 SEs unless otherwise stated. The main effect of time
and group-by-time interactions were assessed with a 2 3 2
factor repeated-measures ANOVA (SAS MIXED procedure;
group: EVEN, SKEW; time: pre- and postintervention). Group-
by-time interactions were the effect of within-day dietary pro-
tein distribution (group) from pre- to postintervention (time). We
used an unpaired, 2-tailed t test (SAS TTEST procedure) to test
for group differences in preintervention age and height and in
the percentages of postintervention menu checklist compliance,
meal picture compliance, and resistance training compliance.
Statistical significance was determined at P , 0.05. Statistical
analysis was performed with SAS software (version 9.3; SAS
Institute).

RESULTS

Subjects

At baseline, age, body proportions, body composition, and max-
imal muscle strength characteristics were not significantly dif-
ferent between the EVEN and SKEW groups (Table 1). There was
only one adverse event: one subject fainted during resistance train-
ing. This adverse event was medically and administratively resolved.

Dietary intervention

At baseline, habitual protein intake in the EVEN (156 4, 306
3, and 31 6 5 g of protein at breakfast, lunch, and dinner,
respectively; total protein intake: 82 6 4 g/d) and SKEW (15 6
2, 31 6 4, and 39 6 5 g protein/meal; 90 6 4 g/d) groups were

not different. The 90 g protein/d intake prescribed throughout
the 16-wk intervention period equated to 1.0 6 0.04 and 1.0 6
0.04 g $ kg21 $ d21 at intervention week 1 and 1.1 6 0.04 and
1.16 0.04 g $ kg21 $ d21 at intervention week 16 for the EVEN
and SKEW groups, respectively (Supplemental Table 4). The
apparent increase in protein intake at week 16 was attributable
to differences in week 1 compared with week 16 body masses.
Week 16 menu checklists indicated that the EVEN group con-
sumed 31 6 0, 29 6 0, and 29 6 0 g of protein at breakfast,
lunch, and dinner, respectively (Supplemental Table 4). The
SKEW group consumed 116 0, 206 0, and 596 0 g of protein
at breakfast, lunch, and dinner, respectively (Supplemental
Table 5). Subjects in the EVEN and SKEW groups were
deemed compliant to their respective diets 80 6 4% and 82 6
3%, respectively, of 54 meals visually assessed with photogra-
phy and 92 6 2% and 88 6 2%, respectively, of 294 meals
assessed with menu checklists (Supplemental Table 6).

Resistance training intervention

Resistance training compliance was .85% for both groups
but was statistically lower for the EVEN group than the SKEW
group, averaging 41 (86.0 6 1.6%) and 43 (91.0 6 1.5%) of 48
resistance training sessions, respectively (Supplemental Table
6). Whole body strength increased by w20% in each group,
independent of protein distribution (Table 1).

Body composition

Within-day dietary protein distribution did not influence re-
sponses over time for the whole body and muscle-specific out-
comes (Table 1). Over time, whole-body mass (27.9 6 0.6 kg),
BMI (22.7 6 0.2), whole-body lean mass (21.0 6 0.2 kg),
whole-body fat mass (26.9 6 0.5 kg), fat mass percentage
(24.6 6 0.4%), lean mass index (20.3 6 0.1 kg/m2), fat mass
index (22.3 6 0.2 kg/m2), appendicular lean mass (20.7 6
0.1 kg), appendicular fat mass (22.6 6 0.2 kg), waist circum-
ference (28.8 6 0.7 cm), hip circumference (26.6 6 0.6 cm),
and waist:hip ratio (20.03 6 0.01) each decreased and lean
mass percentage (4.3 6 0.4%) increased (main effects of time,
P , 0.0001).

Total midthigh area (228 6 3 cm2), midthigh subcutaneous
fat area (227 6 2 cm2), and IMAT area (21 6 0 cm2) de-
creased, independent of protein distribution (main effects of
time, P , 0.0001). Midthigh muscle area (0 6 1 cm2) did not
change from pre- to postintervention (main effect of time,
P = 0.797). Total midcalf area (28 6 1 cm2), midcalf muscle
area (23 6 1 cm2), subcutaneous fat area (24 6 1 cm2), and
IMAT area (23 6 1 cm2) decreased from pre- to post-
intervention (main effects of time, P , 0.0001).

DISCUSSION

To our knowledge, this study is the first randomized controlled
trial to use strict dietary and resistance training controls to assess
the efficacy of consuming an even or skewed protein distribution
on changes in whole body lean mass during energy restriction
while resistance training. Contrary to our hypothesis, distributing
daily protein intake evenly between 3 meals (30 g at breakfast,
lunch, and dinner) compared with a more typical skewed dis-
tribution pattern (10 g at breakfast, 20 g at lunch, and 60 g at
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dinner) does not influence body composition responses in adults
undergoing purposeful weight loss and resistance training.

To our knowledge, before we initiated the current study, only
one study had assessed the effects of within-day protein distri-
bution on MPS (10). This study was completed in young adults in
energy balance and demonstrated that evenly consuming protein
(30 g at breakfast, lunch, and dinner) resulted in a 25% greater

24-h MPS rate than consuming a skewed distribution (10 g at
breakfast, 15 g at lunch, and 60 g at dinner) with the same amount
of total daily protein (10). Since we initiated the current study,
subsequent research has shown inconsistent results regarding
within-day protein distribution and MPS (12, 23). One study with
older adults, also in energy balance, showed that consuming an
even protein distribution did not have a differential effect on the

TABLE 1

Changes in anthropometrics, body composition, and whole body strength in the EVEN and SKEW groups after consuming an energy-restricted diet and

performing resistance training for 16 wk1

Parameter

EVEN SKEW P value

Preintervention Postintervention Change Preintervention Postintervention Change Time G 3 T

Age,2,3 y 33 6 2 — — 36 6 2 — — — —

Height,2,3 cm 170.5 6 1.7 — — 173.1 6 1.9 — — — —

Body mass,3,4 kg 95.9 6 2.3 87.2 6 2.3 28.6 6 0.9 92.8 6 2.3 85.5 6 2.3 27.3 6 0.9 ,0.001 0.320

BMI,3,4 kg/m2 31.9 6 0.5 29.0 6 0.5 22.9 6 0.3 30.8 6 0.5 28.3 6 0.5 22.4 6 0.3 ,0.001 0.274

Waist circumference,4,5 cm 104.6 6 1.8 95.4 6 1.8 29.1 6 1.0 102.6 6 1.8 94.2 6 1.8 28.4 6 1.1 ,0.001 0.601

Hip circumference,4,6 cm 114.5 6 1.5 107.6 6 1.5 26.9 6 0.8 112.5 6 1.5 106.3 6 1.5 26.3 6 0.9 ,0.001 0.599

Waist:hip4,5 0.91 6 0.01 0.89 6 0.01 20.03 6 0.01 0.91 6 0.01 0.89 6 0.01 20.03 6 0.01 ,0.001 0.996

Whole body3,4

Lean mass, kg 55.8 6 1.2 54.2 6 1.2 21.5 6 0.4 54.1 6 1.2 53.6 6 1.2 20.5 6 0.4 ,0.001 0.067

Lean mass, % 57.8 6 1.0 61.9 6 1.0 4.1 6 0.5 58.1 6 1.0 62.6 6 1.0 4.5 6 0.5 ,0.001 0.576

Fat mass, kg 36.9 6 1.6 29.9 6 1.6 27.1 6 0.7 35.7 6 1.6 28.9 6 1.6 26.8 6 0.7 ,0.001 0.789

Fat mass, % 38.8 6 1.1 34.4 6 1.1 24.4 6 0.5 38.6 6 1.1 33.9 6 1.1 24.7 6 0.5 ,0.001 0.640

Lean mass index, kg/m2 18.4 6 0.3 17.9 6 0.3 20.5 6 0.1 17.8 6 0.3 17.6 6 0.3 20.2 6 0.1 ,0.001 0.066

Fat mass index, kg/m2 12.4 6 0.5 10.0 6 0.5 22.4 6 0.2 12.0 6 0.5 9.7 6 0.5 22.3 6 0.2 ,0.001 0.695

Lean mass:fat mass 1.6 6 0.1 1.9 6 0.1 0.3 6 0.1 1.6 6 0.1 2.1 6 0.1 0.4 6 0.1 ,0.001 0.281

Appendicular,3,4 kg

Total mass 43.3 6 1.1 39.7 6 1.1 23.5 6 0.4 42.2 6 1.1 39.0 6 1.1 23.1 6 0.4 ,0.001 0.498

Lean mass 26.4 6 0.7 25.5 6 0.7 21.0 6 0.2 25.7 6 0.7 25.1 6 0.7 20.5 6 0.2 ,0.001 0.169

Fat mass 15.3 6 0.8 12.7 6 0.8 22.6 6 0.3 15.1 6 0.7 12.4 6 0.7 22.7 6 0.3 ,0.001 0.917

Right leg,3,4 kg

Total mass 16.3 6 0.5 15.0 6 0.5 21.3 6 0.2 16.0 6 0.4 14.8 6 0.4 21.2 6 0.2 ,0.001 0.594

Lean mass 10.0 6 0.3 9.6 6 0.3 20.4 6 0.1 9.7 6 0.2 9.5 6 0.2 20.2 6 0.1 ,0.001 0.186

Fat mass 5.7 6 0.3 4.8 6 0.3 21.0 6 0.1 5.8 6 0.3 4.7 6 0.3 21.0 6 0.1 ,0.001 0.691

Right midthigh area,4,7 cm2

Total cross section 308 6 11 277 6 11 231 6 4 288 6 11 263 6 11 225 6 4 ,0.001 0.253

Muscle 158 6 5 155 6 5 22 6 2 146 6 4 147 6 4 2 6 2 0.797 0.136

Subcutaneous fat 121 6 11 104 6 11 228 6 3 124 6 11 100 6 11 225 6 3 ,0.001 0.515

IMAT 10 6 1 9 6 1 21 6 0 10 6 1 9 6 1 21 6 0 ,0.001 0.829

Right midcalf area,4,7 cm2

Cross section 126 6 3 118 6 3 29 6 1 123 6 4 116 6 4 27 6 1 ,0.001 0.452

Muscle 79 6 3 76 6 3 24 6 1 78 6 3 76 6 3 23 6 1 ,0.001 0.444

Subcutaneous fat 32 6 3 28 6 3 24 6 1 31 6 3 277 6 3 24 6 1 ,0.001 0.806

IMAT 14 6 1 10 6 1 23 6 1 9 6 1 7 6 1 22 6 0.0 ,0.001 0.375

Strength,4,8 kg

Whole body 511 6 22 625 6 24 114 6 17 535 6 22 630 6 24 95 6 19 ,0.001 0.470

1 EVEN, 30 g of protein consumed each at breakfast, lunch, and dinner; G 3 T, group-by-time interaction; IMAT, intramuscular adipose tissue; SKEW,

10 g of protein consumed at breakfast, 20 g at lunch, and 60 g at dinner.
2 Data are presented as means 6 SEMs. An unpaired, 2-tailed t test (TTEST procedure, SAS version 9.3; SAS Institute) was used to test for differences

between groups in preintervention age and height and were not different.
3 n = 6 men and 15 women (EVEN) and 9 men and 11 women (SKEW).
4Data are presented as the least-squares means 6 SEs. A repeated-measures ANOVA (MIXED procedure, SAS version 9.3) was used to test for main

effects of time and G 3 T interaction. No significant G 3 T for the measured variables was observed between the EVEN and SKEW groups.
5 Preintervention: n = 6 men and 15 women (EVEN) and 9 men and 11 women (SKEW). Postintervention: n = 6 men and 15 women (EVEN) and 7 men

and 11 women (SKEW).
6 Preintervention: n = 6 men and 15 women (EVEN) and 9 men and 11 women (SKEW). Postintervention: n = 6 men and 15 women (EVEN) and 8 men

and 11 women (SKEW).
7 Preintervention: n = 6 men and 15 women (EVEN) and 9 men and 10 women (SKEW). Postintervention: n = 6 men and 14 women (EVEN) and 7 men

and 10 women (SKEW).
8Whole-body strength is the sum of the 4 core exercises. Preintervention: n = 5 men and 15 women (EVEN) and 7 men and 11 women (SKEW).

Postintervention: n = 2 men and 12 women (EVEN) and 4 men and 8 women (SKEW).
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daily whole body protein synthesis rate compared with con-
suming an uneven distribution (23). The authors (23) attributed
the inconsistent results primarily to a difference in the study
population (older adults compared with younger adults) and the
age-associated blunting of the postprandial MPS response to
protein ingestion (24). Other possibilities include the quantity of
protein consumed per meal and whether the protein was con-
tained in whole foods (23) or supplements (12). These factors are
associated with alterations in protein digestion and amino acid
absorption kinetics. It may be that even greater protein intakes per
meal are required within the context of mixed-nutrient meals. A
subsequent study also reported no effect of protein distribution on
MPS rates in older adults in energy balance (12). The protein
intake at each meal was w0.26 g/kg, well below the estimated
requirement of 0.4 g $ kg21 $ meal21 for older adults to max-
imally stimulate MPS (25). More applicable to the current study,
this same group (12) also measured daily MPS in energy restriction
with and without resistance training. They reported that a balanced
protein distribution (25 g at breakfast, lunch, and dinner) resulted
in a 19% greater 13-h MPS rate than a skewed protein distribution
(10 g at breakfast, 15 g at lunch, and 50 g at dinner) irrespective of
resistance training (12). Although relating these acute MPS re-
sults to the current null lean mass result is problematic, one
possibility is that measurements of MPS do not directly translate
to changes in long-term lean mass homeostasis (26).

A second possibility for the null body composition results may
be that the quantity of protein prescribed at each meal between the
EVEN and SKEW groups was not sufficiently different to detect
a measurable effect of protein distribution on lean body mass
changes. High-quality protein sources including pork, egg, beef,
and dairy were prescribed at breakfast, lunch, and dinner during the
intervention. When these types of high-quality protein sources are
consumed, the maximal MPS response is estimated to be reached
at doses of 0.24 g/kg (25). According to the menu checklists, the
SKEW group consumed w20 and w60 g of high-quality protein
at lunch and dinner, respectively. This is equivalent tow0.24 g/kg
at lunch and w0.71 g/kg at dinner, both of which are hypothe-
sized to be adequate quantities of protein to maximize the MPS
response in young adults (25). Consequently, the SKEW group
may have consumed 2 meals (lunch and dinner) that provided
sufficient protein to maximize MPS. It may be that a slightly
lesser MPS rate at 1 meal (breakfast) does not substantially affect
lean body mass enough to be detectable given our study design.

A third possibility for the null body composition results is that
consuming an even protein distribution did not promote greater
daily MPS. A recent analysis estimated that 0.24 g/kg is needed to
maximally stimulate MPS in younger adults (25). In the present
study, the per-meal dose for the EVEN distribution was 30 g within
the context of mixed-nutrient meals. We provided more than
enough protein to meet this threshold (w0.3 g $ kg21 $ meal21)
plus a “safety margin” of w0.1 g $ kg21 $ meal21. However, the
0.24 g $ kg21 $ meal21 estimates are based on studies that used
isolated intact proteins. Perhaps the protein quantity within mixed-
nutrient meal needs to be greater than when a protein supple-
ment is consumed alone. Mixed-nutrient meals inherently
contain a mix of protein qualities and have altered protein di-
gestion kinetics and amino acid availabilities compared with
isolated intact proteins from protein supplements. It may be that
the EVEN group did not consume adequate protein at each meal
to maximally stimulate MPS, whereas the SKEW group met the

protein dose needed to maximally stimulate MPS at dinner. This
may be evident in our lean body mass outcome showing a trend
(P = 0.067) for greater lean body mass retention in the SKEW
group than the EVEN group. Indeed, other studies showed that
consuming $1 meal that theoretically maximizes MPS may be
better for lean body mass retention than consuming 3 evenly
distributed meals that are “protein insufficient” (27, 28).

Observational assessments of the influence of within-day pro-
tein distribution on leanmass in humans also contribute to the body
of literature. In support of the even protein distribution concept, an
analysis of .1000 adults aged 50–85 y from the 1999–2002
NHANES showed that more frequent consumption of meals with
$30 g protein was associated with greater leg lean mass (8).
Importantly, the reference group was consuming 0.64 g $ kg21 $
d21, which is less than the Recommended Dietary Allowance for
protein (0.8 g $ kg21 $ d21). Conversely, the comparator groups
(groups consuming 1 and 2 meals/d containing $30 g of protein)
had a relative protein intake of 1.06 and 1.4 g $ kg21 $ d21,
respectively. These results (8) may reflect the consequences of
consuming less than the Recommended Dietary Allowance for
protein on lean body mass quantity and not the benefits of evenly
distributing protein intake. The ensuing NuAge study (Quebec
Longitudinal Study on Nutrition as a Determinant of Successful
Aging), a longitudinal cohort study, also characterized the effect
of protein distribution on lean mass after a 2-y follow-up in both
older men and women (13). The NuAge study showed that an
even protein distribution was associated with greater lean mass in
both older men and women at baseline and after follow-up.
However, changes in lean body mass over the 2-y observational
period were not different between the even and skewed distri-
bution groups (13). Perhaps protein distribution does not affect
lean body mass, which is in agreement with the results of the
present study. However, questions regarding statistical power and
group sample size for both the NuAge study and the current study
underscore the importance of new research with larger sample
sizes and longer durations to investigate potential influence of
protein distribution on changes in lean body mass.

In summary, improvements in body composition may be
achieved through dietary energy restriction combined with re-
sistance training when adequate total protein is consumed in
either an even or skewed distribution pattern.
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