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Abstract
Objective: To examine associations between protein intake per day and at different
meals and skeletal muscle mass declines.
Design: Two-year prospective cohort study among older community dwellers.
Setting: National Institute for Longevity Sciences–Longitudinal Study of Aging
(NILS-LSA) in Japan.
Participants: Older men (n 292) and women (n 363) aged 60–87 years who
participated in the baseline (2006–2008) and follow-up studies (2008–2010) of
NILS-LSA and did not exhibit low skeletal muscle mass at baseline. Muscle mass
was assessed using dual-energy X-ray absorptiometry at baseline and follow-up.
Low muscle mass was defined as skeletal muscle mass index <7·0 kg/m2 for
men and <5·4 kg/m2 for women at follow-up. Daily protein intake and protein
intake at each meal were calculated from 3 d dietary records at baseline and
sex-stratified tertiles were determined.
Results: Mean (SD) protein intake at breakfast, lunch and dinner was 22·7 (7·8),
26·7 (9·3) and 37·4 (10·5) g for men and 19·3 (6·3), 23·2 (7·3) and 28·5 (7·0) g
for women, respectively. After adjusting for age, baseline skeletal muscle mass
and other confounders in logistic modelling, greater total protein intake was
associated with lower prevalence of skeletal muscle mass decline among men
at follow-up (P = 0·024). Particularly, the OR (95 % CI) for high lunchtime protein
intake was low (0·11 (0·02, 0·61); P = 0·01). No significant association between
total protein intake and prevalence of skeletal muscle mass decline was found
among women.
Conclusions: High total protein intake, particularly at lunchtime, is associated
with retention of skeletal muscle mass in men.
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Skeletal muscle represents the largest tissue in the body
and is subject to constant regeneration at the cellular
level(1). Sarcopenia refers to the loss of muscle mass
and strength due to ageing. Nutritional replenishment of
protein (raw material for muscle mass) and adequate
energy intake (source of muscle strength) are indispen-
sable for preventing sarcopenia(2,3). In other words, daily
dietary consumption of adequate amounts of nutrients is
essential to maintain and increase skeletal muscle.

According to the Dietary Reference Intakes for
Japanese (revised in 2015)(4), the estimated average
protein requirement among adults is 50 g/d for men and
40 g/d for women. Additionally, the RDA is 60 g/d for
men and 50 g/d for women(4). These estimated average
protein requirements are based on levels of 0·72 g/kg
body weight (BW) per d for adults and 0·85 g/kg BW
per d for older individuals (>70 years)(4). The intake of
meals triggers protein anabolism in skeletal muscle.
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This phenomenon is markedly attenuated in older
individuals compared with younger adults, which
suggests potential anabolic resistance in the former
group(5). Recently, the Korean Geriatric Society and the
Korean Nutrition Society recommended that older adults
consume at least 1·2 g protein/kg BW per d to delay the
progression of muscle wasting. This amount is 31·4 %
higher than their previous recommendation (0·91 g/kg
BW per d)(6). However, while increased protein intake
has been shown to induce protein anabolism even in older
individuals(7,8), evidence concerning the effects of total
protein intake on skeletal muscle mass among older
Japanese is still lacking. In addition, a recent study using
the National Health and Nutrition Survey in Japan
reported that more than 95 % of participants met recom-
mended levels of protein, but in terms of distribution,
most individuals consumed <20 g protein at breakfast.
They concluded that intake of protein with each meal
(distribution) in the Japanese population might be insuffi-
cient to prevent sarcopenia or frailty(9).

In the present study, we examined the association
between total protein intake per day and the prevalence
of skeletal muscle mass decline. In addition, we focused
on the quantity of protein intake with eachmeal, since each
meal might trigger protein anabolism in skeletal muscle.
We examined the association between protein intake with
each meal and the prevalence of skeletal muscle mass
decline, and also the association between total protein
intake and protein intake with each meal, in order to
discuss how to achieve sufficient protein intake with the
three meals among older community-dwelling Japanese
individuals.

Participants and methods

Participants
The present studywas based on data collected as part of the
National Institute for Longevity Sciences–Longitudinal
Study of Aging (NILS-LSA). In the NILS-LSA, the normal
ageing process was assessed over time using detailed
questionnaires, medical examinations, anthropometric
measurements, physical fitness tests and nutritional exami-
nations. Participants in the NILS-LSA included randomly
selected age- and sex-stratified individuals from a pool of
non-institutionalized residents in the National Center for
Geriatrics and Gerontology neighbourhood areas of Obu
City and Higashiura Town in Aichi Prefecture. The first
wave of the NILS-LSA was conducted from November
1997 to April 2000 and included 2267 participants
(1139 men and 1128 women; age range 40–79 years).
The details of the NILS-LSA have been reported
elsewhere(10).

The fifth wave of the NILS-LSA was conducted from
July 2006 to July 2008 and included 2419 participants
(1200 men and 1219 women; age range 40–88 years).

In the present study, we defined the fifth wave as the
baseline study. Among these participants, 2088 were also
included in the follow-up sixth wave of the NILS-LSA,
which was conducted from July 2008 to July 2010. The
mean interval between baseline and follow-up study for
each participant was 2·0 (SD 0·1) years.

Exclusion criteria were as follows: (i) age <60 years at
baseline (n 1018); (ii) individuals who did not complete
the nutritional assessments, muscle mass assessments or
self-reported questionnaires (n 110); and (iii) individuals
with low muscle mass (see assessment of muscle mass
below) at baseline (n 305).

Data from a total of 655 Japanese individuals (292 men
and 363women) whowere between 60 and 87 years of age
at the baseline of the NILS-LSA were available for analysis.

Nutritional assessment
Nutritional intake was assessed using a 3 d dietary record
at baseline. Most participants completed the records at
home and returned them within 1 month(11). The dietary
record was completed over three continuous days (two
weekdays and one weekend day) and comprised nine
sheets (3 meals × 3 d). Among the 655 participants, one
completed 2 d dietary records (all others completed the
3 d) and we calculated mean nutritional intake according
to those two days.

Within each meal sheet, i.e. the breakfast, lunch and
dinner sheet, most participants recorded the time and all
foods containing seasonings that they consumed. If the
participant consumed snacks including fruits and dairy
foods between breakfast and lunch and recorded the
contents in the breakfast sheet, nutritional intake from
those snacks was included in the intake for breakfast. All
participants recorded the entries in chronological order;
we did not code the meal time itself, but instead coded
the time in the data set into seven categories: (i) from rising
to before breakfast; (ii) breakfast; (iii) after breakfast
to before lunch; (iv) lunch; (v) after lunch to before dinner;
(vi) dinner; and (vii) after dinner to before bed. Breakfast,
lunch and dinner were thus defined by the corresponding
sheets recorded by the participants, i.e. breakfast contained
the foods consumed from rising to before lunch, lunch
contained the foods consumed before dinner, and dinner
contained the food consumed before bed.

Foods were weighed separately on a scale (1 kg kitchen
scales; Sekisui Jushi, Tokyo, Japan) before being cooked or
the portion sizes were estimated. The participants used a
disposable camera (27 shots; Fuji Film, Tokyo, Japan) to
take photos of the meals before and after eating.
Dietitians used these photos to complete the missing data
and called the participants to resolve any discrepancies
or to obtain further information, as necessary. Averages
for 3 d food and nutrient intakes (including alcohol intake)
were calculated according to the Standard Tables of
Food Composition in Japan 2010 and other sources(11,12).
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Sex-stratified tertiles of total protein intake and protein
intake at each meal were calculated.

Assessment of muscle mass
Appendicular musclemass was assessed using dual-energy
X-ray absorptiometry (QDR-4500; Hologic, Bedford, MA,
USA)(13,14). Appendicular muscle mass represents the
appendicular fat-free mass minus the bone mineral con-
tent, and is considered to offer an index of the amount
of skeletal muscle mass. Skeletal muscle index is calculated
as the appendicular muscle mass in kilograms divided by
the square of height in metres. Low skeletal muscle mass
was defined using cut-off values for sarcopenia from
dual-energy X-ray absorptiometry of <7·0 kg/m2 in men
and <5·4 kg/m2 in women based on the criteria of the
Asian Working Group for Sarcopenia(15).

Among those participants who did not exhibit low
skeletal muscle mass at baseline (skeletal muscle index
≥7·0 kg/m2 for men or ≥5·4 kg/m2 for women), skeletal
musclemass declinewas defined as a skeletal muscle index
of <7·0 kg/m2 for men or <5·4 kg/m2 for women after
approximately 2 years.

Other measurements
History of heart disease, hypertension, dyslipidaemia and
diabetes (past and current), education (≤9 or ≥10 years
of school), annual household income (<3 500 000 Yen
or ≥3 500 000 Yen), employment and smoking status
(yes/no) were collected using self-reported questionnaires.
BMI was calculated as weight in kilograms divided
by the square of height in metres. The 24 h physical
activity was assessed by the metabolic equivalent of task
(MET) score (a multiple of the RMR) obtained from
participant interviews conducted by trained interviewers
using a semi-quantitative assessment method. This method

involved assessment of the level of habitual physical
activity during leisure time and at work, as well as the
daily number of hours of sleep(16,17). The sleeping
metabolic score was defined as 1 MET × h, and if rest
(sleeping) were to be maintained for 24 h, 24 h physical
activity would be estimated as 24 MET × h/d.

All these measurements were assessed at baseline.

Statistical analysis
All statistical analyses were conducted using the statistical
software package SAS version 9.3 and were performed
separately by sex.

Multiple logistic regression analysis was performed
to estimate the OR and 95 % CI for low skeletal muscle
mass according to sex-stratified tertiles of protein intake,
either per day or per meal. The lowest tertile was used
as a reference. The confounding variables were age
(years, continuous), skeletal muscle index at baseline
(continuous), education (≤9 or ≥10 years), total physical
activity (continuous), current smoking habit (yes or no)
and history of heart disease, hypertension, dyslipidaemia
and/or diabetes (yes or no).

Differences in proportions and means of baseline
characteristics according to sex were assessed using the
χ2 test for categorical variables and the t test for continuous
variables. All reported P values are two-sided and P< 0·05
was considered significant.

Results

The baseline characteristics of the participants are shown in
Table 1. Mean age and BMI were 68·8 (SD 6·0) years and
24·3 (SD 2·2) kg/m2 for men and 69·8 (SD 6·5) years and
23·5 (SD 2·8) kg/m2 for women, respectively.

Table 1 Baseline characteristics of study participants: oldermenandwomenaged 60–87 yearswho participated in the
baseline (2006–2008) and follow-up studies (2008–2010) of the National Institute for Longevity Sciences–Longitudinal
Study of Aging (NILS-LSA) in Japan

Men
(n 292)

Women
(n 363)

P *Mean or n SD or % Mean or n SD or %

Age (years), mean and SD 68·8 6·0 69·8 6·5 0·046
BMI (kg/m2), mean and SD 24·3 2·2 23·5 2·8 <0·001
Body weight (kg), mean and SD 65·2 7·0 53·4 7·0 <0·001
Appendicular skeletal muscle mass (kg), mean and SD 20·8 2·0 14·0 1·6 <0·001
Skeletal muscle index (kg/m2), mean and SD 7·70 0·50 6·10 0·50 <0·001
Total physical activity (MET× h/d), mean and SD 34·10 3·80 35·10 2·60 <0·001
Current smoker, n and % 54 18·5 10 2·8 <0·0001
Education≤ 9 years, n and % 80 27·4 118 32·5 0·157
Annual family income< 3 500 000 Yen, n and % 80 27·4 150 41·3 <0·001
Employment, n and % 143 49·0 91 25·1 <0·001
Heart disease, n and % 23 7·9 17 4·7 0·090
Hypertension, n and % 137 46·9 150 41·3 0·151
Dyslipidaemia, n and % 67 23·0 109 30·0 0·042
Diabetes, n and % 35 12·0 42 11·6 0·870

MET, metabolic equivalent of task.
*P value from the t test for continuous variables or the χ2 test for categorical variables.
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Table 2 shows the intakes of energy, major nutrients
and foods per day or from the three daily meals. Among
men, mean total energy intake per day was 9500·6 kJ/d;
breakfast, lunch and dinner accounted for 27 %
(2574·8 kJ), 33 % (3137·6 kJ) and 40 % (3788·2 kJ) of the
daily energy intake, respectively. Among women, mean
total energy intake per day was 7574·3 kJ/d; breakfast,
lunch and dinner accounted for 29 % (2167·3 kJ), 36 %
(2700·8 kJ) and 36 % (2706·2 kJ) of daily energy intake,
respectively. Likewise, breakfast, lunch and dinner
accounted for 26, 31 and 43 % of the daily protein intake
in men, and 27, 33 and 40 % of the daily protein intake in
women, respectively. In the 3 d records, five men and
three women reported an intake of ‘0 kJ’ for at least one
meal, since they drank only water at breakfast (n 6), lunch
(n 1) or dinner (n 1), but we calculated mean nutrient and
food intakes including these results.

Table 3 shows the OR and 95 % CI for skeletal muscle
mass decline according to tertiles of total protein intake
per day and for the three daily meals. The skeletal muscle
mass decline after approximately 2 years was 7·2 %
(= 21/292 × 100) in men and 5·8 % (= 21/363 × 100) in
women. Among men, multivariate-adjusted OR for
the lowest through highest tertile of protein intake per
day were 1·00 (reference), 0·21 (95 % CI 0·05, 0·87) and
0·24 (95 % CI 0·06, 1·06), respectively (Ptrend = 0·024).
Total protein intake per day in women was not associated
with skeletal muscle mass decline. With respect to
lunch, the multivariate-adjusted OR for the highest
tertile of protein intake in men was 0·11 (95 % CI 0·02,
0·61; P = 0·012). Although no significant difference was
seen for women, the multivariate-adjusted OR also
tended to be low in women (0·29 (95 % CI 0·07, 1·25);
P = 0·096).

Table 2 Energy, major nutrients and food intakes according to one day or from three meals in one day among older men and women
aged 60–87 years who participated in the baseline (2006–2008) and follow-up studies (2008–2010) of the National Institute for Longevity
Sciences–Longitudinal Study of Aging (NILS-LSA) in Japan

Meal

One day Breakfast Lunch Dinner

Mean SD Mean SD Mean SD Mean SD

Men (n 292)
Energy (kJ) 9500·6 1561·9 2574·8 681·6 3137·6 769·9 3788·2 927·2
Protein (g) 86·7 17·4 22·7 7·8 26·7 9·3 37·4 10·5
Fat (g) 56·6 15·6 15·5 7·2 18·1 7·5 23·0 9·3
Carbohydrate (g) 317·7 60·5 95·3 28·1 114·0 28·6 108·4 28·2
Cereals (g) 513·9 139·1 142·1 66·9 200·0 65·1 172·2 68·1
Potatoes (g) 51·8 44·9 8·5 17·2 15·9 27·4 27·4 25·5
Beans (g) 77·3 56·0 27·3 34·0 15·4 22·5 34·6 35·3
Nuts and seeds (g) 4·2 7·8 0·8 2·4 1·7 5·0 1·8 4·6
Non-green yellow vegetables (g) 232·2 102·2 58·3 53·5 63·6 38·8 110·5 55·6
Green yellow vegetables (g) 139·7 86·8 39·5 47·3 36·2 33·8 64·0 43·9
Fruit (g) 155·3 133·6 62·8 64·5 52·3 62·3 40·4 53·7
Mushrooms (g) 12·6 13·4 2·4 4·8 3·3 5·5 7·0 10·2
Seaweed (g) 21·5 30·4 9·0 21·7 4·9 9·7 7·7 13·1
Fish and shellfish (g) 115·6 57·8 14·5 21·4 30·4 30·9 70·8 42·4
Meat (g) 67·5 41·9 5·7 9·4 21·7 21·6 40·2 31·3
Eggs (g) 44·1 25·2 20·5 20·2 13·8 15·2 9·9 12·0
Milk and dairy products (g) 150·9 148·0 88·8 104·5 34·7 64·8 27·8 60·0

Women (n 363)
Energy (kJ) 7574·3 1220·5 2167·3 583·7 2700·8 659·8 2706·2 545·6
Protein (g) 71·0 13·4 19·3 6·3 23·2 7·3 28·5 7·0
Fat (g) 48·8 12·4 14·0 6·1 16·7 7·0 18·1 7·0
Carbohydrate (g) 266·3 49·8 79·1 23·9 99·1 25·3 88·2 19·8
Cereals (g) 384·9 93·8 96·4 46·9 149·3 53·2 139·2 42·8
Potatoes (g) 46·0 37·1 7·9 14·9 13·0 20·2 25·1 22·5
Beans (g) 66·6 49·8 22·4 32·9 15·7 22·6 28·5 29·7
Nuts and seeds (g) 3·7 6·3 1·0 2·7 1·6 3·9 1·1 2·5
Non-green yellow vegetables (g) 201·6 87·5 50·4 46·4 58·8 41·7 92·4 48·5
Green yellow vegetables (g) 129·4 77·3 33·6 35·3 38·5 37·6 57·2 37·0
Fruit (g) 177·2 115·4 72·4 64·3 62·9 59·3 41·9 48·9
Mushrooms (g) 11·6 14·3 2·3 4·9 3·0 5·7 6·3 9·9
Seaweed (g) 21·4 28·8 8·1 18·3 5·2 11·0 8·1 14·6
Fish and shellfish (g) 85·6 45·8 10·7 15·8 22·2 23·3 52·8 32·3
Meat (g) 47·5 29·4 4·6 8·4 15·7 15·9 27·2 21·8
Eggs (g) 38·1 24·1 15·4 16·6 14·1 15·3 8·5 11·5
Milk and dairy products (g) 162·0 118·7 87·7 92·9 49·2 65·3 25·1 49·1

Protein intake and muscle mass decline 1093



Table 3 OR (95% Cl) for muscle mass decline* according to tertile of protein intake per day or for three meals among older men and women aged 60–87 years who participated in the baseline
(2006–2008) and follow-up studies (2008–2010) of the National Institute for Longevity Sciences–Longitudinal Study of Aging (NILS-LSA) in Japan

Tertile of protein intake

Ptrend

T1 (low) T2 T3 (high)

Range, n or OR Range, n or OR 95% CI P Range, n or OR 95% CI P

Men (n 292)
Protein intake per day (range, g/d) ≥44·6–78·5 >78·5–90·7 >90·7–162·0
Number of muscle mass decline/total 11/96 5/96 5/100
Multiple-adjusted OR 1·00 (reference) 0·21 0·05, 0·87 0·031 0·24 0·06, 1·06 0·060 0·024

Protein intake at breakfast (range, g/breakfast) ≥0–18·6 >18·6–25·2 >25·2–51·5
Number of muscle mass decline/total 6/96 9/96 6/100
Multiple-adjusted OR 1·00 (reference) 0·99 0·26, 3·74 0·986 0·77 0·18, 3·23 0·716 0·778

Protein intake at lunch (range, g/lunch) ≥4·6–22·6 >22·6–29·1 >29·1–109·9
Number of muscle mass decline/total 14/96 5/96 2/100
Multiple-adjusted OR 1·00 (reference) 0·36 0·09, 1·38 0·136 0·11 0·02, 0·61 0·012 0·008

Protein intake at dinner (range, g/dinner) ≥14·3–32·2 >32·2–40·6 >40·6–80·3
Number of muscle mass decline/total 10/96 2/96 9/100
Multiple-adjusted OR 1·00 (reference) 0·24 0·05, 1·29 0·097 0·65 0·19, 2·23 0·495 0·189

Women (n 363)
Protein intake per day (range, g/d) ≥24·6–64·7 >64·7–75·1 >75·1–119·9
Number of muscle mass decline/total 9/119 5/120 7/124
Multiple-adjusted OR 1·00 (reference) 0·50 0·13, 1·93 0·317 0·82 0·24, 2·83 0·757 0·524

Protein intake at breakfast (range, g/breakfast) ≥0–16·1 >16·1–21·6 >21·6–41·3
Number of muscle mass decline/total 7/119 6/120 8/124
Multiple-adjusted OR 1·00 (reference) 0·68 0·19, 2·49 0·564 1·14 0·31, 4·20 0·839 0·949

Protein intake at lunch (range, g/lunch) ≥5·9–19·5 >19·5–25·4 >25·4–48·7
Number of muscle mass decline/total 8/119 9/120 4/124
Multiple-adjusted OR 1·00 (reference) 0·66 0·18, 2·37 0·524 0·29 0·07, 1·25 0·096 0·122

Protein intake at dinner (range, g/dinner) ≥5·3–25·6 >25·6–30·9 >30·9–50·0
Number of muscle mass decline/total 8/119 7/120 6/124
Multiple-adjusted OR 1·00 (reference) 1·13 0·32, 3·98 0·853 0·94 0·24, 3·65 0·932 0·999

*Adjusted for age (years, continuous), education (≤9,≥10 years), skeletal muscle index at baseline (continuous), total physical activity (continuous), currently smoking (yes or no), and history of heart disease, hypertension, dyslipidaemia and/or
diabetes (yes or no).
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Discussion

Among men, medium and high tertiles of daily protein
intake (>78·5 g/d) were associated with decreased preva-
lence of skeletal muscle mass decline as compared with the
low tertile. In terms of the relationship between decline in
skeletal muscle mass and intake of protein at breakfast,
lunch and dinner among men, those in the highest tertile
of protein intake at lunch showed a decreased prevalence
of skeletal muscle decline. Among women the results were
borderline significant, with those in the highest tertile of
protein intake at lunch tending to show a decreased preva-
lence of a decline in muscle mass.

According to the Dietary Reference Intakes for
Japanese (revised in 2015)(4), the RDA is 60 g/d for
men and 50 g/d for women, based on 0·85 g/kg BW per
d for older individuals. A recent guideline for the manage-
ment of sarcopenia recommended that older Japanese
adults consume at least 1·0 g/kg BW per d to prevent
sarcopenia(18). However, the evidence level was catego-
rized as low, due to the lack of supporting evidence
among Japanese. Among old Japanese women aged
≥65 years, individuals categorized to the third, fourth
and fifth quintiles of total protein intake (>69·8 g/d)
showed significantly lower OR for frailty than those
categorized to the first quintile (P < 0·03 for all)(19).
Although that cross-sectional analysis of women
focused on frailty, the main result that total protein intake
(>69·8 g/d) correlated negatively with frailty was similar
to our finding that total protein intake (>78·5 g/d) was
negatively associated with declining muscle mass in men.

Conversely, an intake of approximately 25–30 g of
high-quality protein at every meal is recommended
by the Japanese dietary guidelines for older people(4).
Ingesting 25 g of protein at every meal and ingesting
75 g of protein per day may be related to lowered risks
of skeletal muscle mass decline and/or frailty among
older individuals. In a subgroup analysis in the present
study (see online supplementary material, Supplemental
Table S1), 17·1 % of men and 6·9 % of women ingested
≥25 g of protein at breakfast, lunch and dinner. Few
domestic or overseas studies have evaluated the distribu-
tion of protein intake between breakfast, lunch and
dinner in order to determine the optimal timing of protein
ingestion to enhance protein anabolism. One report
recommended an intake of approximately 25–30 g at each
meal(7), while another suggested that a uniform intake at
each meal is desirable(8). However, some investigations
have supported weighting the intake distribution towards
the daytime or towards one meal(20–22). Conclusions
regarding the optimal distribution of protein intake
between breakfast, lunch and dinner are thus inconsis-
tent. In the present study, total protein intake was
positively associated with protein intake in each of the
three meals in both men and women (Supplemental
Table S2). We therefore could not discuss the ideal

distribution in three meals, but consistent protein intake
through three meals would be recommended for older
Japanese to increase total protein intake per day.

In the present study, a high protein intake at lunch was
associated with retention of skeletal muscle mass in men.
This association was independent of total protein intake
(data not shown; OR for high lunchtime protein intake:
0·08 (95 % CI 0·01, 0·59); P = 0·01). One possible reason
for this positive correlation is the variability of lunch meals
among Japanese. In our study, breakfast, lunch and
dinner accounted for 26, 31 and 43 % of the daily protein
intake in men, and 27, 33 and 40 % of the daily protein
intake in women, respectively. The total amount of
protein depends strongly on dinner protein intake, but
the CV for dinner was low in both men (28·1) and women
(24·6), respectively (see online supplementary material,
Supplemental Table S2 and Supplemental Fig. S1),
whereas the CV for breakfast and lunch meals were higher
than those for dinner. In particular, the CV in men was
highest for lunch (34·8). These results indicate that lunch-
time protein intake varies markedly among men, and the
difference in protein intake at lunch was associated with
risk of muscle mass decline. In fact, men with higher
total protein intake at lunch showed higher rates of
employment and consumption of meat, eggs and dairy
foods (Supplemental Table S3). These social factors
and/or food selections might affect protein intake and
muscle mass in men.

Another reason was considered to be that compared
with exercise in the morning, exercise in the evening
exhibited a stronger association with increased secretion
of thyroid hormone and growth hormone, which are
involved in the development of skeletal muscle(23).
Lunchtime ingestion of large amounts of protein, calcium
and vitamins may therefore help increase muscle weight,
as the amino acids used as raw materials for the secretion
of these hormones and for muscle are consumed at
this time.

In the present study, no significant correlation was
observed between the amount of protein consumed and
skeletal muscle mass decline in women. One possible
reason was the low prevalence of skeletal muscle mass
decline after approximately 2 years (7·2 % in men and
5·8 % in women) and equal variability of protein intake
(CV of protein intake was almost equal for the three
meals; see online supplementary material, Supplemental
Table S2). However, the present results do not necessarily
mean that protein intake is unrelated to retention of skeletal
muscle mass in women.

Some limitations to the present study must be consid-
ered. We assessed protein intake using dietary records
for three consecutive days (two weekdays and one week-
end day) with photographs. Although the 3 d dietary
record is one of the best ways to assess individual food
intake(9), avoiding under- or overestimation of dietary
intake is difficult(24). We therefore could not clearly define
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ideal protein intake for the present study. While continu-
ous dietary records might be a limitation in that sense,
Japanese usually eat a varied diet and often prefer to avoid
the same meal continuously (and so, for example,
alternate eating meat dishes and fish dishes for dinner).
We therefore consider the continuous record as better
for estimating the usual dietary intake among Japanese.
In addition, seasonal variability is seen in dietary patterns;
however, our survey was conducted almost every day
throughout the year and the number of participants
was almost equal in all seasons, therefore the impact of
seasonal variability seems negligible. Second, we calcu-
lated mean protein intake in all participants, even though
a small number of them only drank a cup of water (0 kJ) or
skipped breakfast (0 kJ), so the mean value would be
underestimated compared with that calculated among
participants who ate something (>0 kJ) at breakfast.
Third, we focused only on the quantity of protein intake
and did not examine the quality. Reports from Western
countries have suggested that the intake of meat, among
the sources of animal protein, is related to retention of
skeletal muscle mass(25). However, unlike their Western
counterparts, older Japanese individuals characteristically
ingest more protein from legumes, fish and eggs than from
meat or dairy products(26–28). The intake of amino acids,
which are the building blocks of proteins, was not inves-
tigated in the present study. The effects of different types
of amino acids may also need to be investigated, as
branched-chain amino acids in particular are believed
to have positive effects on muscle mass.

In the present study, male participants who ingested
greater amounts of total daily protein and protein at lunch
showed greater retention of skeletal muscle mass.
Looking at the target population, mean intake of cereals
at lunchtime was high (Table 2), which suggests that many
individuals in this population consumed lunches rich in
cereals. On the other hand, mean protein intake was
higher at dinner for both men and women, but the CV
was high for lunch (see online supplementary material,
Supplemental Table S2), reflecting a tendency among
the target population for greater protein ingestion at
dinner and higher variability of protein intake at lunch.
The present results therefore indicate that consumption
of proteins and a variety of other nutrients at lunch, which
tends to not be cereal based, is related to skeletal muscle
mass retention. In addition, more than 65 % of men
and women consumed <25 g of protein at breakfast
(Supplemental Table S1), and older Japanese individuals
may thus need to be encouraged to eat more protein at
breakfast.

Conclusion

In conclusion, the present study provides some indications
that high levels of daily protein intake and protein intake at
lunch may help prevent skeletal muscle mass declines

among community-dwelling older Japanese men. One of
the best ways to increase total daily protein intake and thus
prevent muscle mass declinemay be to eat protein not only
at lunch, but also at breakfast and dinner.
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