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ABSTRACT
Background: Although daily protein intake (PI) has been reported to be essential for regulating muscle mass, the

distribution of daily PI in individuals is typically the lowest at breakfast and skewed toward dinner. Skewed protein intake

patterns and inadequate PI at breakfast were reported to be negative factors for muscle maintenance.

Objectives: This study examined whether a protein-enriched meal at breakfast is more effective for muscle accretion

compared with the typical skewed PI pattern.

Methods: This 12-wk, parallel-group, randomized clinical trial included 26 men (means ± SEs; age: 20.8 ± 0.4 y; BMI:

21.8 ± 0.4 kg/m2). The “high breakfast” (HBR) group (n = 12) consumed a protein-enriched meal at breakfast providing

a PI of 0.33 g/kg body weight (BW); their PI at lunch (0.46 g/kg BW) and dinner (0.48 g/kg BW) provided an adequate

overall daily PI (1.30 g/kg BW/d). The “low breakfast” (LBR) group (n = 14) consumed 0.12 g protein/kg BW at breakfast;

intakes at lunch (0.45 g/kg BW) and dinner (0.83 g/kg BW) yielded the same daily PI as in the HBR group. The participants

performed supervised resistance training (RT) 3 times per week (75–80% 1-repetition maximum; 3 sets × 10 repetitions).

DXA was used to measure the primary outcome variable, that is, total lean soft tissue mass (LTM).

Results: The total LTM at baseline did not differ between the HBR (52.4 ± 1.3 kg) and LBR (53.4 ± 1.2 kg) groups.

After the intervention, increases in total LTM were significant in both groups, with that in the HBR group (2.5 ± 0.3 kg)

tending to be greater than that in the LBR group (1.8 ± 0.3 kg) (P = 0.06), with a large effect size (Cohen d = 0.795).

Conclusions: For RT-induced muscle hypertrophy in healthy young men, consuming a protein-enriched meal at

breakfast and less protein at dinner while achieving an adequate overall PI is more effective than consuming more

protein at dinner. This study was registered at University hospital Medical Information Network (UMIN) Clinical Trials

Registry as UMIN000037583 (https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000042763). J Nutr

2020;150:1845–1851.
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Introduction

Reduced muscle mass has been reported to be associated with
health conditions such as diabetes (1), metabolic syndrome
(2), and sarcopenia (3). Therefore, muscle mass gain (muscle
hypertrophy) is important and of clinical significance. Muscle
mass is regulated by maintaining a balance between muscle
protein synthesis (MPS) and muscle protein breakdown.
Resistance training (RT) is one of the effective ways to stimulate
MPS (4) and leads to muscle hypertrophy (5). Considering
that muscle mass in younger age groups has been reported to
be associated with consequences such as sarcopenia (6, 7) or
cardiovascular disease (8) in later life, the approach to muscle
hypertrophy in young subjects is important.

Daily protein intake (PI) has been reported as the key factor
for the regulation of muscle mass (9–19), and the pattern

of daily PI in individuals is found to be typically lowest at
breakfast and skewed toward dinner (13, 20, 21). Previous
studies demonstrated that the typical pattern of daily PI was
associated with lower muscle mass in the young population
(13). A crossover study found that individuals having an evenly
distributed PI over their daily meals had significantly greater
24-h MPS than those who had PI skewed toward evening meals,
even though the diets were isoenergetic and isonitrogenous
(22). In addition, Moore et al. (23) elucidated that adequate PI
[0.24 g/kg body weight (BW)] is required to maximize MPS in
the young population. Based on this threshold value, inadequate
PI at breakfast is apparent in many of the previous studies (13,
21, 22). Furthermore, the habitual low PI at breakfast in the
general population suggests that increased PI at breakfast can be
an effective intervention to increase 24-h MPS and subsequently
help achieve greater muscle mass during RT.
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This study aimed to examine whether having an adequate
PI at breakfast can be more effective in increasing muscle mass
during a 12-wk RT program compared with typical PI pattern,
skewed toward dinner.

Methods
Subjects
Thirty-three healthy young men (aged 18–26 y) were recruited verbally
from June to July 2018 in this randomized clinical trial at Ritsumeikan
University in Shiga, Japan. To be included, the participants needed to
be nonsmokers who had not undergone any RT program for ≥1 y.
Participants were excluded if they had any chronic diseases or were
receiving any regular medication.

Ethical approval
This study was approved by the Ethics Committee for Human
Experiments at Ritsumeikan University (BKC-IRB-2018–017) and
was conducted in accordance with the Declaration of Helsinki. This
study was prospectively registered at https://www.umin.ac.jp/english/
as UMIN000037583. All 33 participants were informed about the
experimental procedures, purpose of this study, and related risks and
benefits before they provided written consent.

Study design
This 12-wk intervention study required the random allocation of
subjects to parallel groups. Random assignment of the subjects was
conducted using sequences generated with a combination of RAND
and RANK functions in Microsoft Excel by the primary investigator
(JY). Group allocation was not discussed with the subjects. A total
of 33 subjects were assigned to the following 2 groups: 1) a “high
breakfast”(HBR) group (n = 17) who consumed protein-enriched meals
at breakfast to achieve >0.24 g/kg BW protein, which was reported
to be the PI required at all 3 meals to maximize MPS (23); and 2)
a “low breakfast” (LBR) group (n = 16) who consumed a provided
meal at breakfast to achieve a PI >0.24 g/kg BW at 2 meals (lunch and
dinner). During the 12-wk trial, both groups continued the RT program
3 times per week. Subjects recorded their usual diets with dietary records
at baseline and week 12 of the intervention. Strength assessment was
conducted at baseline and week 12 to ensure the target working load
[75–80% repetition maximum (RM)]. Anthropometric measurements
were performed to evaluate body compositions at baseline and
week 12.

Dietary assessment
On the 3-d record, the subjects were allowed to note their dietary
records on the usual meal days (13, 14, 18, 24). The dietary records
included the following instructions: 1) “Please note your dietary records
on 2 weekdays and 1 weekend day”; 2) “Please note all foods you had
including confectionery or beverages”; 3) “Please take pictures of foods
or nutrition facts if it is cooked or processed food before you eat”;
and 4) “Please note your dietary records by referring to the examples
provided.” Participants photographed the 3-d record using their phones
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to improve the accuracy of dietary assessment. Photographic data of
the 3-d records were collected and confirmed by a registered dietitian
via face-to-face interviews with the subjects. Before the commencement
of the study, to ensure the accuracy of the dietary records, all subjects
attended an explanatory meeting about the methodology of noting
dietary records. The data were analyzed with Excel Eiyokun (version 8;
Kenpakusha Co.) based on the Standard Table of Foods Composition
in Japan 2015.

Strength assessment
Maximum strength was assessed by 1-RM strength tests on the
following weight-stack machines (all Life Fitness): leg curl, leg
extension, arm curl, row, and chest press. Arm curl was conducted
using the Dual Adjustable Pulley (Life Fitness) with a 20-in cable bar
attachment and a preacher curl bench. A certified trainer evaluated
1-RM strength of the subjects at each test to ensure accuracy and
safety. The 1-RM tests were based on the procedure recommended
by the National Strength & Conditioning Association (25). On the
1-RM measurement day, participants completed a warm-up consisting
of 1 set of 5–10 repetitions at a level of 40–60% of the estimated
maximum. After a 1-min rest, the next practice was conducted,
which involved 3–5 repetitions performed at a level 60–80% of the
estimated maximum. After that, to determine 1-RM, 3–4 subsequent
attempts were performed with progressively increasing weight until
the participants failed. A 3-min rest was allowed between the 1-RM
trials. The 1-RM tests were conducted at baseline and week 12 (2 d
after the last training session of the RT program). None of the subjects
experienced any joint pain and/or muscle soreness due to the 1-RM
tests.

RT program
The RT program was performed 3 times per week for 12 wk (36 sessions
in total). Subjects could attend either the morning or afternoon sessions,
and the researchers kept a record of the subjects’ sessions. The training
consisted of a 5-repetition warm-up session on each machine with
50% of the 1-RM load, followed by 3 sets of 10 repetitions (the
main RT program) on each machine until the subjects finished a
familiarization period (sessions 1–8). After the familiarization period,
subjects were asked to perform as many repetitions as they could
in the third set, whereas the first and second sets were aimed at 10
repetitions. When the subjects had achieved >12 repetitions in the third
set on a machine, the workload was increased by 5% of the former
load on the machine for the next session. The performed workload
differed as follows: 50% (sessions 1 and 2), 60% (sessions 3 and 4),
70% (sessions 5 and 6), 75% (sessions 7 and 8), and 75–80% (main
RT program period, sessions 9–36). Resting periods of 2–3 min were
allowed between sets. We confirmed the workload intensity based on
the 1-RM tests at baseline and week 12. A certified trainer supervised all
sessions.

Dietary control
All subjects in both intervention groups were provided with standard-
ized meals at breakfast for the entire intervention period. The provided
meals consisted of 100 g yogurt (63.0 kcal, 3.60 g protein; Megumi,
Megmilk Snow Brand Co.) and 50.0 g granola [Frugra: 220 kcal, 3.90 g
protein; Choco Crunch & Banana: 224 kcal, 4.00 g protein; Mygra (no
fruit): 225 kcal, 4.20 g protein; Walnut & Apple Maple: 226 kcal, 4.10 g
protein; Tropical Coconut: 238 kcal, 4.00 g protein; and Orange Peel &
Honey: 217 kcal, 4.00 g protein; all Calbee]. The subjects could choose
7 bags of granola from the 5 flavors. The energy and PI of the provided
meals were based on the data of male subjects in our previous studies
(283 kcal, 8.30 g protein) (13). All subjects completed a check sheet by
selecting which flavor they had in the morning. The HBR group had the
provided meal plus 1 serving of protein shakes (cocoa flavor: 83.0 kcal,
15.0 g protein; vanilla flavor: 82.0 kcal, 15.0 g protein; SAVAS WHEY
PROTEIN 100, Meiji Holdings Co.) every morning, whereas the LBR
group had the same shake with every dinner.
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Randomly assigned (n = 33)

Allocated to HBR (n = 17) Allocated to LBR (n = 16)

Subjects withdrew (n = 5):
1. Difficulty of consuming 

provided meal (n = 3)
2. Injury and surgery (n = 2)

Analyzed (n = 12) Analyzed (n = 14)

Allocation

Follow-up

Analysis

Subjects withdrew (n = 2):
1. Difficulty of consuming 

provided meals  (n = 1)
2. Surgery (n = 1)

FIGURE 1 Flow diagram of the 12-wk clinical trial in healthy young men with high or low relative protein intakes at breakfast. The HBR (“high
breakfast”) group consumed a protein-enriched meal at breakfast to achieve a protein intake >0.24 g/kg body weight, reported as the required
protein intake at all 3 meals to maximize muscle protein synthesis (23). The LBR (“low breakfast”) group consumed a provided meal at breakfast
to achieve a protein intake >0.24 g/kg body weight at only 2 meals (lunch and dinner).

Anthropometric measurements
The same radiological technician calibrated the DXA apparatus (Lunar
Prodigy; GE Healthcare) at the beginning of each test day. After the
calibration, lean soft tissue mass (LTM) and fat mass were analyzed
with the subjects lying in the supine position. To standardize the
DXA scan, the subjects arrived at the laboratory in the morning
in fasting state on all measurement days. At week 12, the DXA
measurement was performed within 1 wk of the last RT session. We
used enCORE version 15 software (Lunar; GE Medical Systems), which
generated automated measurements of LTM (arms, legs, and trunk)
from total body scans. Subsequently, we calculated appendicular LTM
(AppLTM) from measurements of the arms and legs. In addition,
the precision of Lunar Prodigy DXA scan in repeated measurements
was reported as ∼1.0% CV based on the results in previous studies
(26–28).

Statistical analysis
A power analysis based on previous research (29) showed that n = 13
was required for each group to detect between-group differences in total
LTM using DXA when using a 2-sided statistical test (effect size = 1.50;
α = 0.05; power = 0.95) (G∗power version 3.1.9.2). Considering a
possible dropout rate of 20% during the protocol, the final number of
participants recruited was 16 per group.

All the data of group differences were analyzed using an independent
t test. The dietary intake and body composition data were analyzed
using a 2-factor repeated measures ANOVA to test interactions between
time and condition. In cases of significant interactions, post hoc tests
were performed with the independent t test for intergroup comparisons,
and the paired t test for within-group comparisons. To examine the
effects of the intervention on the main outcomes (body composition
indices) without sample size, we calculated effect size (Cohen d),
computed as the mean difference between the groups divided by
the pooled SDs (30). The standard definitions of Cohen d are as
follows: small, 0.30; medium, 0.50; large, 0.80; and very large, 1.30
(30, 31).

All statistical analyses were performed using SPSS version 23.0
for Windows (IBM Corp.). P values <0.05 using 2-tailed tests
were considered statistically significant. All data are expressed as
means ± SEs.

Results
Subject participation

Although we recruited 33 healthy young men (HBR n = 17;
LBR n = 16), a total of 26 subjects (HBR n = 12; LBR n = 14)
were included in the final analysis because 5 from the HBR
group and 2 from the LBR group were excluded due to various
reasons (Figure 1). Although there was no harmful effect of
the provided meals, 3 subjects in the HBR group and 1 in the
LBR group occasionally could not consume the provided meals
during the intervention period. In addition, 2 subjects in the
HBR group and 1 in the LBR group were excluded because
of injuries and surgical treatments, which were not related to
the intervention in the present study. A total of 26 subjects
completed all RT sessions without any injuries.

Nutrient intakes

We confirmed that 16/26 subjects (61.5%) at breakfast,
4 (15.4%) at lunch, and 1 (3.8%) at dinner did not achieve a
PI of 0.24 g/kg BW at baseline. We considered the compliance
of consuming provided meals to be reliable based on the check
sheets, which showed >95% compliance in both groups (HBR
group: 96.7 ± 0.9%; LBR group: 95.7 ± 0.9%) for the entire
period. The daily energy intakes and absolute and relative
macronutrient intakes at baseline did not differ between the
groups (P = 0.133–0.971) (Table 1).

During the intervention, there were significant time ×
treatment interactions for absolute and relative PIs, being
higher at breakfast and lower at dinner in the HBR than
in the LBR group at week 12 (Table 1) (P < 0.001). The
HBR group had 0.33 ± 0.01 g protein/kg BW at breakfast,
0.46 ± 0.03 at lunch, 0.48 ± 0.05 at dinner, and 1.30 ± 0.07
in total, whereas PIs in the LBR group were 0.12 ± 0.00
at breakfast, 0.45 ± 0.03 at lunch, 0.83 ± 0.04 at dinner,
and 1.45 ± 0.04 in total. In addition, the post hoc tests
showed that absolute PIs (P = 0.010) and relative PIs
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TABLE 1 Daily energy and nutrient intake at baseline and week 12 in healthy young men with high or low relative protein intakes at
breakfast1

HBR (n = 12) LBR (n = 14) Repeated measures ANOVA

Baseline Week 12 Baseline Week 12 Group Time Group × time

Total
Energy, kcal 2599 ± 132 2456 ± 147 2453 ± 106 2543 ± 114 0.837 0.799 0.274
Protein, g 80.9 ± 4.63 89.4 ± 5.51 83.1 ± 4.91 97.1 ± 3.46 0.384 0.004 0.444
Protein, g/kg BW 1.23 ± 0.08 1.30 ± 0.07 1.27 ± 0.07 1.45 ± 0.04 0.234 0.019 0.314
Fat, g 80.9 ± 6.91 84.4 ± 8.22 74.7 ± 4.48 94.5 ± 5.55 0.784 0.049 0.158
Carbohydrate, g 374 ± 20.2 323 ± 16.4 343 ± 16.8 315 ± 15.1 0.331 0.014 0.433

Breakfast
Energy, kcal 508 ± 82.0 374 ± 2.00 434 ± 73.8 287 ± 0.89 0.157 0.018 0.909
Protein, g 15.5 ± 2.30 22.6 ± 0.02† 13.6 ± 2.64 7.68 ± 0.03∗† <0.001 0.729 0.001
Protein, g/kg BW 0.23 ± 0.04 0.33 ± 0.01† 0.21 ± 0.04 0.12 ± 0.00∗† 0.001 0.976 0.002
Fat, g 16.2 ± 3.29 13.5 ± 0.37 14.1 ± 2.72 11.6 ± 0.16 0.346 0.251 0.976
Carbohydrate, g 74.1 ± 13.0 42.5 ± 0.37 62.2 ± 10.5 40.4 ± 0.15 0.405 0.003 0.557

Lunch
Energy, kcal 730 ± 57.8 921 ± 53.2 796 ± 43.2 943 ± 56.2 0.422 0.003 0.674
Protein, g 21.7 ± 2.54 31.8 ± 2.68 26.9 ± 2.18 30.0 ± 1.71 0.535 0.001 0.056
Protein, g/kg BW 0.33 ± 0.04 0.46 ± 0.03 0.41 ± 0.03 0.45 ± 0.03 0.354 0.003 0.090
Fat, g 21.2 ± 2.42 31.1 ± 3.42 20.0 ± 2.42 34.4 ± 2.95 0.728 <0.001 0.415
Carbohydrate, g 110 ± 8.70 122 ± 7.56 123 ± 6.33 124 ± 7.61 0.274 0.423 0.505

Dinner
Energy, kcal 1144 ± 72.5 1038 ± 98.4 1121 ± 75.5 1147 ± 82.2 0.656 0.561 0.339
Protein, g 39.7 ± 3.59 32.4 ± 3.06 40.8 ± 3.70 55.4 ± 3.17∗† 0.007 0.184 <0.001
Protein, g/kg BW 0.60 ± 0.06 0.48 ± 0.05 0.62 ± 0.05 0.83 ± 0.04∗† 0.002 0.326 <0.001
Fat, g 36.7 ± 5.50 36.8 ± 5.72 36.5 ± 4.27 43.1 ± 5.21 0.607 0.458 0.469
Carbohydrate, g 155 ± 6.78 135 ± 11.9 143 ± 9.69 126 ± 8.97 0.367 0.025 0.875

1Values are means ± SEs. ∗Different from HBR at that time; †different from baseline within a group; P < 0.05. BW, body weight; HBR, “high breakfast”—consuming a
protein-enriched meal at breakfast to achieve a protein intake >0.24 g/kg BW at all 3 meals; LBR, “low breakfast”—consuming a provided meal at breakfast to achieve a protein
intake >0.24 g/kg BW at 2 meals (lunch and dinner).

(P = 0.015) at breakfast in the HBR group significantly
increased throughout the intervention. Similarly, compared with
baseline, absolute and relative PIs (both P < 0.001) at dinner
in the LBR group significantly increased whereas absolute
PIs (P = 0.044) and relative PIs (P = 0.039) at breakfast
significantly decreased in the LBR group at week 12. The
total intakes of protein, fat, and carbohydrate; carbohydrate
intake at breakfast; energy and fat intakes at lunch; and
carbohydrate intake at dinner, also changed over time (P < 0.05)
(Table 1).

RT program and strength assessment

There were no significant differences in 1-RM values on all
machines between the 2 groups at baseline [total (P = 0.236),
leg curl (P = 0.221), leg extension (P = 0.090), arm curl
(P = 0.601), row (P = 0.941), and chest press (P = 0.447)],
and no significant group × time interaction was observed on

each machine from baseline to week 12 (Table 2). The main
effects of time on each 1-RM value were observed, and the
RT program significantly increased the 1-RM values on each
machine. We found no significant differences in percentage
change in 1-RM values on each machine (Figure 2), although
the percentage change of leg extension in the HBR group tended
to be greater than that in the LBR group (HBR compared with
LBR: 35.2 ± 3.59% compared with 25.9 ± 3.34%; P = 0.069).
There were no significant differences in total workload (HBR
compared with LBR: 32.8 ± 1.36 × 104 kg compared with
33.1 ± 0.90 × 104 kg; P = 0.829) and repetitions (HBR
compared with LBR: 53.8 ± 0.48 × 102 reps compared with
53.6 ± 0.29 × 102 reps; P = 0.702) for the entire training
period between the 2 groups, whereas the HBR group attended
significantly fewer morning exercise sessions than the LBR
group (HBR compared with LBR: 37.3 ± 5.2% compared with
57.1 ± 5.3%; P = 0.014).

TABLE 2 1-RM values at baseline and week 12 in healthy young men with high or low relative protein intakes at breakfast1

HBR (n = 12) LBR (n = 14) Repeated measures ANOVA

Baseline Week 12 Baseline Week 12 Group Time Group × time

Total, kg 326 ± 11.1 469 ± 17.9 349 ± 11.1 470 ± 13.0 0.510 <0.001 0.109
Leg curl, kg 92.5 ± 3.00 128 ± 4.71 97.8 ± 2.61 128 ± 4.59 0.592 <0.001 0.240
Leg extension, kg 131 ± 4.45 176 ± 6.20 142 ± 4.41 178 ± 4.61 0.334 <0.001 0.096
Arm curl, kg 28.2 ± 1.27 44.9 ± 2.64 29.1 ± 1.29 44.4 ± 1.53 0.922 <0.001 0.531
Row, kg 44.2 ± 2.45 78.1 ± 4.23 44.4 ± 2.04 72.0 ± 2.89 0.454 <0.001 0.094
Chest press, kg 30.8 ± 2.18 42.1 ± 2.29 33.5 ± 2.15 44.0 ± 2.36 0.478 <0.001 0.603

1Values are means ± SEs. HBR, “high breakfast”—consuming a protein-enriched meal at breakfast to achieve a protein intake >0.24 g/kg BW at all 3 meals; LBR, “low
breakfast”—consuming a provided meal at breakfast to achieve a protein intake >0.24 g/kg BW at 2 meals (lunch and dinner); 1-RM, 1-repetition maximum.
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FIGURE 2 Comparison of percentage change in muscle strength
from baseline to week 12 (WK12) in healthy young men with high
(HBR) or low (LBR) relative protein intakes at breakfast. Values
are indicated as means ± SEs, n = 12 (HBR) and n = 14 (LBR).
Statistical analysis was performed with an independent t test to
compare percentage change from baseline to week 12 in muscle
strength between groups. #Tended to differ from LBR, P = 0.069. The
HBR (“high breakfast”) group consumed a protein-enriched meal at
breakfast to achieve a protein intake >0.24 g/kg body weight, reported
as the required protein intake at all 3 meals to maximize muscle
protein synthesis (23). The LBR (“low breakfast”) group consumed
a provided meal at breakfast to achieve a protein intake >0.24 g/kg
body weight at only 2 meals (lunch and dinner).

Anthropometric status

The height, BW, BMI, and any body composition data at
baseline did not differ between the groups (P = 0.478–0.936)
(Table 3). Although there were no significant interactions,
the main effects of time on BW, BMI, AppLTM, total LTM,
and body fat percentage were observed. The RT program
significantly increased BW, BMI, AppLTM, and total LTM
from baseline to week 12, whereas body fat percentage
was significantly decreased. We also determined the absolute
changes and percentage changes in AppLTM and total LTM
(Figure 3A, B). The HBR group had greater increase in total
LTM (HBR compared with LBR: 2.50 ± 0.25 kg compared
with 1.77 ± 0.26 kg; P = 0.056; d = 0.795) than the LBR
group, although there was no significant difference in the
change of AppLTM (HBR compared with LBR: 1.14 ± 0.18
kg compared with 1.14 ± 0.17 kg; P = 0.991; d = 0.004;
Figure 3A). We observed similar results in the percentage
changes of AppLTM (HBR compared with LBR: 4.52 ± 0.74%
compared with 4.62 ± 0.71%; P = 0.924; d = 0.038) and total
LTM (HBR compared with LBR: 4.76 ± 0.48% compared with
3.36 ± 0.53%; P = 0.067; d = 0.760; Figure 3B).

Discussion

We conducted a 12-wk randomized controlled, parallel-group
clinical trial to examine the effectiveness of protein-enriched
meals at breakfast for RT-induced muscle hypertrophy in
healthy young men. To our knowledge, this is the first study
to describe that having adequate PI (>0.24 g/kg BW) at all
3 meals by adding a high-protein breakfast was more effective
in increasing muscle mass in healthy young participants than a
typical PI pattern (skewed PI toward dinner), while maintaining
a daily total PI that was not significantly different between the
2 groups (P = 0.236). We observed greater total LTM gain
in the HBR group than in the LBR group, but there was no
significant difference in AppLTM gain between groups; this
type of differential response between total and appendicular
LTM has been reported in other studies (32–34). Because our
resistance exercise protocol focused on training major muscle
groups in both the lower and upper body (using chest press and
row), change in trunk musculature can only be assessed with
total LTM (which also includes organ tissues). Therefore, we
believe that the total LTM assessment can still reflect muscle
hypertrophy with our training protocol.

To date, total daily PI is considered one of the most important
factors for the regulation of muscle mass based on several
epidemiological studies (9–13) and intervention studies (14–
16, 19). However, dietary PI over 3 meals is reported to be
skewed toward dinner, being lowest at breakfast in people in
Japan (13, 20) and the United States (21). Our previous study
elucidated the skewness of daily PI patterns and lack of PI
at breakfast (0.20 g/kg BW) in college and graduate students
(13) according to the threshold value (0.24 g/kg BW) in the
previous study by Moore et al (23). Likewise in the present
study, dietary PI was lowest at breakfast and highest at dinner
at baseline. Our previous cross-sectional study reported that
the skewed PI pattern caused by the inadequate PI at breakfast
was associated with the risk of developing reduced muscle mass
(13). In respect of nutritional interventions, Moore et al. (23)
evaluated MPS in healthy young subjects in response to various
amounts (0–40 g) of high-quality protein as a single bolus using
stable isotope methodology. Results from this study identified
0.24 g protein/kg BW as the amount of protein required to
maximize MPS at a single protein consumption. In other words,
inadequate protein at meals can negatively affect stimulation
of MPS throughout a day. Thus, well-reported dietary habits
such as skipping breakfast (35), having inadequate protein at
breakfast, and consuming too much protein at dinner, which
was observed in the present study, can be risk factors for reduced
muscle mass (13, 18). Another crossover study investigated

TABLE 3 Anthropometric status at baseline and week 12 in healthy young men with high or low relative protein intakes at breakfast1

HBR (n = 12) LBR (n = 14) Repeated measures ANOVA

Baseline Week 12 Baseline Week 12 Group Time Group × time

Age, y 20.3 ± 0.51 21.2 ± 0.54
Height, m 1.73 ± 0.01 1.73 ± 0.01 1.72 ± 0.01 1.72 ± 0.01 0.542 0.563 0.317
BW, kg 66.8 ± 1.96 68.8 ± 2.02 65.3 ± 1.82 67.1 ± 1.87 0.568 <0.001 0.702
BMI, kg/m2 22.2 ± 0.60 22.9 ± 0.58 22.1 ± 0.55 22.7 ± 0.53 0.862 <0.001 0.479
AppLTM, kg 25.0 ± 0.69 26.2 ± 0.74 24.9 ± 0.64 26.0 ± 0.69 0.881 <0.001 0.991
TotalLTM, kg 52.4 ± 1.32 54.9 ± 1.37 53.4 ± 1.22 55.1 ± 1.27 0.752 <0.001 0.056
Bone mineral content, kg 3.06 ± 0.09 3.07 ± 0.09 3.04 ± 0.08 3.06 ± 0.08 0.889 0.084 0.843
Body fat, kg 11.3 ± 1.31 10.8 ± 1.37 8.91 ± 1.22 8.94 ± 1.27 0.254 0.273 0.214

1Values are means ± SEs. AppLTM, appendicular lean soft tissue mass; BW, body weight; HBR, “high breakfast”—consuming a protein-enriched meal at breakfast to achieve a
protein intake >0.24 g/kg BW at all 3 meals; LBR, “low breakfast”—consuming a provided meal at breakfast to achieve a protein intake >0.24 g/kg BW at 2 meals (lunch and
dinner); TotalLTM, total lean soft tissue mass.
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FIGURE 3 Comparison of absolute change (A) and percentage
change (B) in AppLTM and TotalLTM from baseline to week 12
in healthy young men with high or low relative protein intakes at
breakfast. Values are indicated as means ± SEs, n = 12 (HBR) and
n = 14 (LBR). Statistical analysis was performed with an independent
t test to compare absolute and percentage changes from baseline to
week 12 in AppLTM and TotalLTM between groups. Cohen d was used
to express the effect size of comparisons (standard definitions: small,
0.3; medium, 0.5; large, 0.8; very large, 1.30). #Tended to differ from
LBR, P = 0.056 (A: d = 0.795) or 0.067 (B: d = 0.760). The HBR (“high
breakfast”) group consumed a protein-enriched meal at breakfast to
achieve a protein intake >0.24 g/kg body weight, reported as the
required protein intake at all 3 meals to maximize muscle protein
synthesis (23). The LBR (“low breakfast”) group consumed a provided
meal at breakfast to achieve a protein intake >0.24 g/kg body weight
at only 2 meals (lunch and dinner). AppLTM, appendicular lean soft
tissue mass; TotalLTM, total lean soft tissue mass; WK12, week 12.

effects on 24-h MPS of evenly distributed PI over breakfast,
lunch, and dinner (EVEN: PI = 0.41, 0.39, and 0.43 g/kg
BW, respectively) or skewed PI (SKEW; PI = 0.14, 0.21, and
0.83 g/kg BW, respectively) for 7 d (22). This study showed
that 24-h MPS at both days 1 and 7 in the EVEN group was
significantly higher than that in the SKEW group, even though
the total energy and PI did not differ between the groups. Results
from this study emphasize that inadequate PI at breakfast and
lunch, as in the SKEW group, adversely affects the stimulation
of MPS, regardless of the total daily PI. During the intervention
in the present study, the HBR group had an adequate PI over
3 meals, whereas the LBR group had an inadequate PI at
breakfast. In addition, both groups had total daily PI above the
Japanese RDA level (0.9 g/kg BW), and there was no significant
difference in the total daily PI between groups. Generally, having
inadequate protein at meals, especially at breakfast, negatively
affects muscle hypertrophy through the RT program. However,
further studies focusing on the relation between PI at each meal

and the regulation of muscle mass, especially with an exercise
program, are needed.

There are several limitations to the present study. Firstly, only
12 of the 17 subjects in the HBR group completed the 12-wk
intervention, when our power analysis required 13 subjects in
each group. Thus, we calculated Cohen d indicating the effect
size of intervention without the sample size (30). The effect size
with Cohen d indicated considerable effects in the between-
group comparison of the change in total LTM, which supports
the validity of our results. Secondly, we did not designate a
specific training time; subjects were free to undergo RT sessions
either in the morning or in the afternoon. However, systematic
reviews with meta-analysis revealed that there were no further
benefits of PI timing (36) or RT timing (37) on training-induced
muscle hypertrophy. Thirdly, although muscle hypertrophy has
been reported to be positively correlated with muscle strength
(38), we did not detect a statistically significant impact of the
intervention on muscle strength. However, 1-RM assessment
using specific training machines for both groups is a robust
method, and might not be adequately sensitive for detecting
the small but significant difference in muscle gain between
groups. A further study assessing isometric and/or isokinetic
strength is required to clarify the discrepancy between the group
differences in LTM, and the absence of a group difference in
strength. Finally, the dietary nutrient intake data are dependent
on self-reported dietary records, which are said to suffer from
underreporting (39). However, dietary records are reportedly a
more precise tool than FFQs (40).

In conclusion, the present study indicates that achieving
adequate PI (≥0.24 g/kg BW) at breakfast and subsequent
meals induces higher RT-induced muscle hypertrophy compared
with a skewed PI pattern with insufficient PI at breakfast. To
maximize muscle accretion with RT, not only daily total PI
but also PI at each meal, especially at breakfast, should be
considered.

Acknowledgments

We thank Meiji Holdings Co. Ltd for providing protein
supplements, and the following individuals in SF’s laboratory
for their support in this study: Hiroko Kobayashi, Yuta
Katamoto, Mana Yamamura, and Kao Murata.

The authors’ responsibilities were as follows—JY and SF:
designed research; JY, TT, and TA: conducted research; TA
and SF: provided essential materials; JY: performed statistical
analysis; JY and SF: wrote the paper; SF: checked final content;
and all authors: critically reviewed the manuscript and read and
approved the final version of the manuscript.

References
1. Son JW, Lee SS, Kim SR, Yoo SJ, Cha BY, Son HY, Cho NH. Low

muscle mass and risk of type 2 diabetes in middle-aged and older adults:
findings from the KoGES. Diabetologia 2017;60:865–72.

2. Scott D, Park MS, Kim TN, Ryu JY, Hong HC, Yoo HJ, Baik SH,
Jones G, Choi KM. Associations of low muscle mass and the metabolic
syndrome in Caucasian and Asian middle-aged and older adults. J Nutr
Health Aging 2016;20:248–55.

3. Shimokata H, Ando F, Yuki A, Otsuka R. Age-related changes in
skeletal muscle mass among community-dwelling Japanese: a 12-year
longitudinal study. Geriatr Gerontol Int 2014;14(Suppl 1):85–92.

4. Burd NA, Tang JE, Moore DR, Phillips SM. Exercise training and
protein metabolism: influences of contraction, protein intake, and sex-
based differences. J Appl Physiol 2009;106:1692–701.

5. Brook MS, Wilkinson DJ, Mitchell WK, Lund JN, Szewczyk NJ,
Greenhaff PL, Smith K, Atherton PJ. Skeletal muscle hypertrophy

1850 Yasuda et al.



adaptations predominate in the early stages of resistance exercise
training, matching deuterium oxide-derived measures of muscle protein
synthesis and mechanistic target of rapamycin complex 1 signaling.
FASEB J 2015;29:4485–96.

6. Sayer AA, Syddall H, Martin H, Patel H, Baylis D, Cooper C.
The developmental origins of sarcopenia. J Nutr Health Aging
2008;12:427–32.

7. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm
T, Cooper C, Landi F, Rolland Y, Sayer AA, et al. Sarcopenia:
revised European consensus on definition and diagnosis. Age Ageing
2019;48:16–31.

8. Tyrovolas S, Panagiotakos D, Georgousopoulou E, Chrysohoou C,
Tousoulis D, Haro JM, Pitsavos C. Skeletal muscle mass in relation to
10 year cardiovascular disease incidence among middle aged and older
adults: the ATTICA study. J Epidemiol Community Health 2019;74:26–
31.

9. Geirsdottir OG, Arnarson A, Ramel A, Jonsson PV, Thorsdottir I.
Dietary protein intake is associated with lean body mass in community-
dwelling older adults. Nutr Res 2013;33:608–12.

10. Morris MS, Jacques PF. Total protein, animal protein and physical
activity in relation to muscle mass in middle-aged and older Americans.
Br J Nutr 2013;109:1294–303.

11. Sahni S, Mangano KM, Hannan MT, Kiel DP, McLean RR. Higher
protein intake is associated with higher lean mass and quadriceps muscle
strength in adult men and women. J Nutr 2015;145:1569–75.

12. Kurka JM, Vezina J, Brown DD, Schumacher J, Cullen RW, Laurson
KR. Combined increases in muscle-strengthening activity frequency and
protein intake reveal graded relation with fat-free mass percentage in
U.S. adults, NHANES (1999–2004). J Frailty Aging 2015;4:26–33.

13. Yasuda J, Asako M, Arimitsu T, Fujita S. Association of protein intake
in three meals with muscle mass in healthy young subjects: a cross-
sectional study. Nutrients 2019;11:E612.

14. Mitchell CJ, Milan AM, Mitchell SM, Zeng N, Ramzan F, Sharma
P, Knowles SO, Roy NC, Sjodin A, Wagner KH, et al. The effects of
dietary protein intake on appendicular lean mass and muscle function
in elderly men: a 10-wk randomized controlled trial. Am J Clin Nutr
2017;106:1375–83.

15. Pasiakos SM, Cao JJ, Margolis LM, Sauter ER, Whigham LD, McClung
JP, Rood JC, Carbone JW, Combs GF, Jr, Young AJ. Effects of
high-protein diets on fat-free mass and muscle protein synthesis
following weight loss: a randomized controlled trial. FASEB J 2013;27:
3837–47.

16. Bray GA, Smith SR, de Jonge L, Xie H, Rood J, Martin CK, Most
M, Brock C, Mancuso S, Redman LM. Effect of dietary protein
content on weight gain, energy expenditure, and body composition
during overeating: a randomized controlled trial. JAMA 2012;307:
47–55.

17. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB,
Lee JS, Sahyoun NR, Visser M, Kritchevsky SB, et al. Dietary protein
intake is associated with lean mass change in older, community-dwelling
adults: the Health, Aging, and Body Composition (Health ABC) Study.
Am J Clin Nutr 2008;87:150–5.

18. Farsijani S, Morais JA, Payette H, Gaudreau P, Shatenstein B, Gray-
Donald K, Chevalier S. Relation between mealtime distribution of
protein intake and lean mass loss in free-living older adults of the NuAge
study. Am J Clin Nutr 2016;104:694–703.

19. Park Y, Choi JE, Hwang HS. Protein supplementation improves muscle
mass and physical performance in undernourished prefrail and frail
elderly subjects: a randomized, double-blind, placebo-controlled trial.
Am J Clin Nutr 2018;108:1026–33.

20. Ishikawa-Takata K, Takimoto H. Current protein and amino acid
intakes among Japanese people: analysis of the 2012 National Health
and Nutrition Survey. Geriatr Gerontol Int 2018;18:723–31.

21. U.S. Department of Agriculture (USDA). Energy intakes: percentages
of energy from protein, carbohydrate, fat, and alcohol, by gender and
age, what we eat in America: NHANES 2015–2016. 2016, [cited 2019
Oct 1] [Internet]. Available from: https://www.ars.usda.gov/northeast
-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/f
ood-surveys-research-group/docs/wweia-data-tables/.

22. Mamerow MM, Mettler JA, English KL, Casperson SL, Arentson-
Lantz E, Sheffield-Moore M, Layman DK, Paddon-Jones D. Dietary

protein distribution positively influences 24-h muscle protein synthesis
in healthy adults. J Nutr 2014;144:876–80.

23. Moore DR, Churchward-Venne TA, Witard O, Breen L, Burd NA,
Tipton KD, Phillips SM. Protein ingestion to stimulate myofibrillar
protein synthesis requires greater relative protein intakes in healthy
older versus younger men. J Gerontol A Biol Sci Med Sci 2015;70:57–
62.

24. Farsijani S, Payette H, Morais JA, Shatenstein B, Gaudreau P, Chevalier
S. Even mealtime distribution of protein intake is associated with greater
muscle strength, but not with 3-y physical function decline, in free-
living older adults: the Quebec longitudinal study on Nutrition as
a Determinant of Successful Aging (NuAge study). Am J Clin Nutr
2017;106:113–24.

25. Earle RW, Baechle TR . Principles of test selection. In: Essentials of
strength training and conditioning . Champaign (IL): Human Kinetics ;
2008;249–58.

26. Lim JS, Hwang JS, Cheon GJ, Lee JA, Kim DH, Park KD, Yi KH.
Gender differences in total and regional body composition changes as
measured by dual-energy X-ray absorptiometry in Korean children and
adolescents. J Clin Densitom 2009;12:229–37.

27. Lee K, Lee S, Kim YJ, Kim YJ. Waist circumference, dual-energy X-
ray absortiometrically measured abdominal adiposity, and computed
tomographically derived intra-abdominal fat area on detecting
metabolic risk factors in obese women. Nutrition 2008;24:625–31.

28. Keil M, Totosy de Zepetnek JO, Brooke-Wavell K, Goosey-Tolfrey
VL. Measurement precision of body composition variables in elite
wheelchair athletes, using dual-energy X-ray absorptiometry. Eur J
Sport Sci 2016;16:65–71.

29. Cribb PJ, Hayes A. Effects of supplement timing and resistance exercise
on skeletal muscle hypertrophy. Med Sci Sports Exerc 2006;38:1918–
25.

30. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale
(NJ): Lawrence Erlbaum Associates; 1988.

31. Rosenthal JA. Qualitative descriptors of strength of association and
effect size. J Soc Serv Res 1996;21:37–59.

32. Sakashita M, Nakamura U, Horie N, Yokoyama Y, Kim M, Fujita
S. Oral supplementation using gamma-aminobutyric acid and whey
protein improves whole body fat-free mass in men after resistance
training. J Clin Med Res 2019;11:428–34.

33. Daly RM, O’Connell SL, Mundell NL, Grimes CA, Dunstan DW,
Nowson CA. Protein-enriched diet, with the use of lean red meat,
combined with progressive resistance training enhances lean tissue mass
and muscle strength and reduces circulating IL-6 concentrations in
elderly women: a cluster randomized controlled trial. Am J Clin Nutr
2014;99:899–910.

34. Reidy PT, Borack MS, Markofski MM, Dickinson JM, Deer RR,
Husaini SH, Walker DK, Igbinigie S, Robertson SM, Cope MB, et al.
Protein supplementation has minimal effects on muscle adaptations
during resistance exercise training in young men: a double-blind
randomized clinical trial. J Nutr 2016;146:1660–9.

35. Yasuda J, Asako M, Arimitsu T, Fujita S. Skipping breakfast is
associated with lower fat-free mass in healthy young subjects: a cross-
sectional study. Nutr Res 2018;60:26–32.

36. Schoenfeld BJ, Aragon AA, Krieger JW. The effect of protein timing on
muscle strength and hypertrophy: a meta-analysis. J Int Soc Sports Nutr
2013;10:53.

37. Grgic J, Lazinica B, Garofolini A, Schoenfeld BJ, Saner NJ, Mikulic P.
The effects of time of day-specific resistance training on adaptations in
skeletal muscle hypertrophy and muscle strength: a systematic review
and meta-analysis. Chronobiol Int 2019;36:449–60.

38. Balshaw TG, Massey GJ, Maden-Wilkinson TM, Morales-Artacho AJ,
McKeown A, Appleby CL, Folland JP. Changes in agonist neural
drive, hypertrophy and pre-training strength all contribute to the
individual strength gains after resistance training. Eur J Appl Physiol
2017;117:631–40.

39. Gemming L, Ni Mhurchu C. Dietary under-reporting: what foods
and which meals are typically under-reported? Eur J Clin Nutr
2016;70:640–1.

40. Shim JS, Oh K, Kim HC. Dietary assessment methods in epidemiologic
studies. Epidemiol Health 2014;36:e2014009.

Protein at breakfast is important for hypertrophy 1851

https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-data-tables/

