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Branched chain and other amino acid intakes are
inversely associated with sarcopenia among community
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Background and Objectives: The present study aimed to investigate the hypothesis that dietary amino acid intakes are associated with the risk of sarcopenia through a community-based observational study. Methods and
Study Design: A total of 1,140 participants (72.7±6.3 y) were recruited from an annual health check-up program
in Qingdao, China. Skeletal muscle mass, muscle mass functions and biochemical parameters were measured by
standard methods. Dietary intake was assessed by 3-day, 24-hour food records. The odds ratios (ORs) and 95%
confidence intervals (CIs) of sarcopenic risk across quartiles of amino acid intakes were calculated using a multivariable-adjusted logistic regression model. Generalized linear models were used to assess the associations between dietary amino acid intakes and muscle mass functions. Results: The prevalence of sarcopenia was 4.1%.
Compared with the lowest category intake, the highest category of branched chain amino acids (BCAAs)
(OR=0.11; 95% CI: 0.01, 0.90; p for trend=0.119), isoleucine (OR=0.11; 95% CI: 0.01, 0.89; p for trend=0.122)
and tryptophan (OR=0.10; 95% CI: 0.01, 0.87; p for trend=0.176) was negatively correlated with sarcopenic risk
with adjustment for potential confounding factors. Generalized linear model analysis showed that gait speed was
positively correlated with dietary intakes of lysine, threonine, leucine, valine, tryptophan, BCAAs and aromatic
amino acids (p<0.05). Conclusions: Higher intakes of BCAAs were associated with a lower risk of sarcopenia,
which might beneficially protect against sarcopenia and improve physical function of the elderly.
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INTRODUCTION
Sarcopenia is an age-related muscle mass loss accompanied by a reduction in muscle strength and/or physical
performance.1 The pathogenesis of sarcopenia is complex,
involving changes in body composition and hormones
related to aging, inflammatory response, insulin resistance and mitochondrial dysfunction.2 With the increase in muscle loss, the risks of falls, physical disability,
depression, cardiovascular disease, hospitalization and
even death have been substantially increased in the elderly. When sarcopenia is associated with malnutrition,
chronic inflammation, liver cirrhosis, renal function disease or vitamin D deficiency, the quality of life is inevitable to be further compromised.3-9 Thus, improving muscle
mass and functions are a meaningful public health issue.10-12
Cross-sectional surveys have found the prevalence of
sarcopenia to be between 0.4% and 13.9%. Age, gender,
body mass index (BMI), dietary energy and protein, and
physical activity were identified as independent risk factors of sarcopenia.13-17 However, the results have been
inconsistent. The findings from epidemiological studies

showed that malnutrition and hypoproteinemia exerted
vital roles in patients with sarcopenia,5 and insufficient
dietary protein intake was positively correlated with the
risk of sarcopenia, contributing to the decline of body
muscle mass.18 Furthermore, supplemental essential amino acids could enhance muscle protein synthesis,19 and
improve muscle quality, physical function and quality of
life. Specifically, branched chain amino acids (BCAAs),
including leucine, isoleucine and valine, are considered to
improve skeletal muscle atrophy induced by angiotensin
II.20,21
In China and Japan, 30% of the residents living in the
community had the risk of malnutrition or malnutrition,
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and the risk of malnutrition was higher among the elderly
over 70 years.22 To date, no study has been conducted to
investigate the associations of dietary protein and amino
acid intakes with risk of sarcopenia. Meanwhile, the relationships remained inconclusive between amino acid intakes and muscle mass functions. In the present study, we
hypothesized that different amino acids have differential
functions associated with the risk of sarcopenia in the
elderly. Therefore, we conducted the present study to
illuminate these relationships according to residents over
65 years old in the Qingdao community.
METHODS
Study design and participants
Community-dwelling of Qingdao residents (Fushan and
Ningxia Community) aged 65 and over were screened
and enrolled between Mar. and Nov. 2020. The recruiting
process is shown in Figure 1. This study was conducted
according to the Declaration of Helsinki and approved by
the Ethics Committee of Affiliated Hospital of Qingdao
University (QYFYWZLL25549), and written informed
consent was obtained from all subjects.
To guarantee the accuracy of the results, the participants were excluded: (1) participants with stroke, parkinsonism, malignant tumor, and chronic kidney disease; (2)
participants with factors that affected the gait speed, grip
strength and bioelectrical impedance analysis (BIA)
measurement, such as implanted with metal, pacemaker,
severe edema or physical disability; and (3) participants
with severe cognitive impairment or those with poor
compliance.
Sarcopenia determination
According to the diagnostic criteria defined by the 2019
Asian Working Group for Sarcopenia (AWGS),1 the participants with sarcopenia were screened in Qingdao, China. Bioelectrical impedance analysis (BIA; InBoyS10,
Korea) was applied to measure muscle mass. The appendicular skeletal muscle mass (ASM) was calculated as the

Figure 1. The flow chat of the included participants.

sum of lean muscle mass in the arms and legs. Appendicular skeletal muscle mass index (ASMI) was calculated as
the ratio of ASM to the square of height (ASM/height2).
According to the 2019 AWGS consensus, the standard of
low muscle mass for males was ASMI <7 kg/m2, and for
females was ASMI <5.7 kg/m2. Grip strength was measured using a grip strength meter to indicate muscle
strength. The maximum grip strength of the dominant
hand was measured three times with an interval of one
minute, and the maximum value was recorded. The muscle strength was less than 26 kg for males and 18 kg for
females defined as a reduction in grip strength. The 6meter (meter per second, m/s) walking test was conducted
to measure the gait speed with normal walking speed.
Gait speed <1 m/s was defined as a decrease in physical
function. Based on the diagnostic criteria of the 2019
AWGS, sarcopenia was defined as a decrease in the ASMI accompanied by a decrease in muscle strength and/or
physical function.1
Dietary assessment
The dietary intakes of protein and amino acids were calculated based on 3-day (2 working days and 1 weekend),
24-hour food records.15 Prior to the survey, participants
were instructed how to correctly record dietary intakes
and estimate the amount of liquid and solid foods. The
nutrition system of traditional Chinese medicine combined with western medicine (NCCW version 12.0) was
applied to yield daily intakes of total energy intake (kcal),
carbohydrate intake (g), fat intake (g), protein intake (g),
and each amino acid intake (mg). Investigators and dietary recorders had received professional guidance and
training before conducting investigation and dietary analysis.
Other variables
Demographic parameters and lifestyles were collected
based on a face-to-face questionnaire. According to the
current smoking status, the participants were divided into
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smoking, quitting and never smoking. The participants
were defined as alcohol drinking if the females drank 70
grams per week and males drank 140 grams per week.
The physical activity scale for the elderly (PASE) was
used to evaluate the physical activity of the participants.23
According to the scores of the PASE, the participants
were divided into the low-impact exercise group (<33rd
percentile), the moderate-impact exercise group (33rd66th percentile) and the high-impact exercise group
(>66th percentile).
After 10 h fasting, the waist circumference, hip circumference, height and weight of the participants were measured by a trained staff. Accordingly, BMI was calculated
as weight divided by height squared (kg/m2). Meanwhile,
blood samples (5 mL) were obtained into vacuum tubes
for laboratory analysis. Serum was collected after centrifugation at 3500 rpm for 10 min at 4 °C. Then, serum fasting glucose, total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), and lowdensity lipoprotein cholesterol (LDL-C) were measured
by an automatic biochemical analyser (TBA-40FR,
Toshiba, Japan) using an enzyme-based colorimetric test.

lence of sarcopenia was 4.1%, including 13 males and 34
females.

Statistical analysis
Statistical analysis was performed with STATA version
15.0. After the normality test of the continuous variable
data, the quantitative data with normal distribution and
non-normal distribution were expressed as mean ± standard deviation (SD) and median (Q25, Q75), respectively.
Categorical variables were presented as frequencies (percentages). The continuous parameters with normal distribution between groups were compared with the Student’s
t-test. Besides, the categorical and non-normally distributed variables were analysed with Pearson’s chi-square
and Wilcoxon rank sum test, respectively.
Multivariable-adjusted logistical regression models
were adopted to estimate odds ratios (ORs) with 95%
confidence intervals (CIs) of sarcopenic risk across quartiles of protein and amino acid intakes, with the lowest
category as the reference.24 Tests for trends were conducted by assigning the median value for each category
and modelling this variable as a continuous variable. The
generalized linear model (GLM) was used to analyse the
associations of daily protein and amino acid intakes with
muscle mass functions. The multivariable-adjusted models of logistic regression and generalized linear analyses
were adjusted for age, gender, height, weight, BMI, waist
circumference, hip circumference, waist hip ratio, blood
pressure, marital status, education level, smoking, alcohol
drinking, physical activity, fasting blood glucose, TC, TG,
HDL-C, LDL-C, and for daily energy, carbohydrate, and
fat intakes. The two-tailed p values <0.05 were considered as statistically significant.

Dietary factors associated with sarcopenic risk
In univariate logistic regression analyses, dietary intake
of protein in the third category was associated with a
lower risk of sarcopenia (OR=0.19; 95% CI: 0.05, 0.67; p
for trend=0.340), and the association remained significant
with adjustment for potential confounding factors
(OR=0.02; 95% CI: 0.01, 0.53; p for trend=0.056) (Figure
2A). Regarding amino acids, dietary intakes of branched
chain amino acids (OR=0.11; 95% CI: 0.01, 0.90; p for
trend=0.119) (Figure 2B), isoleucine (OR=0.11; 95% CI:
0.01, 0.89; p for trend=0.122) (Figure 3A) and tryptophan
(OR=0.10; 95% CI: 0.01, 0.87; p for trend=0.176) (Figure
3B) were negatively correlated with sarcopenic risk (Table 2).

RESULTS
Participants Characteristics
A total of 1335 participants aged 73.0±6.8 years were
recruited in this study. Of these, 1,140 participants completed the BIA measurement, and were included for data
analysis. According to the 2019 AWGS consensus, 47
participants were regarded as sarcopenia, and the preva-

The characteristics between healthy and sarcopenic participants
The average age of participants with sarcopenia was significantly higher than that of healthy participants
(p<0.001). The prevalence of sarcopenia was significantly
higher in females than males (p=0.022). Compared with
healthy participants, patients with sarcopenia had a higher
widowhood rate (p<0.001) and a lower alcohol drinking
rate (p=0.007). Meanwhile, the height, weight, BMI,
waist circumference and hip circumference of sarcopenic
patients were significantly lower than those of healthy
participants (p<0.001). In addition, the levels of serum
TC (p=0.050) and HDL-C (p=0.036) in sarcopenic patients were significantly higher than healthy participants,
while the levels of serum TG (p=0.023) were significantly
lower than those healthy participants. Besides, the healthy
participants showed significantly higher intakes of energy
(p=0.026), protein (p=0.013) and carbohydrate (p=0.031)
compared with sarcopenic patients (Table 1).

The associations of amino acids with muscle mass function
By using GLM analysis, dietary intakes of lysine
(p=0.011), threonine (p=0.022), leucine (p=0.025), valine
(p=0.021), tryptophan (p=0.011), branched chain amino
acids (p=0.032), and aromatic amino acids (p=0.033)
were positively correlated with gait speed, respectively
(Table 3).
DISCUSSION
This study is the first to investigate the associations of
dietary protein and amino acid intakes with sarcopenic
risk through a community-based study in participants
over 65 years. The present study demonstrated that higher
intakes of BCAAs were associated with a lower risk of
sarcopenia. Additionally, BCAAs had significant benefits
in improving the physical functions of the elderly. Meanwhile, appropriate protein intake (70 g) was associated
with reduced risk of sarcopenia.
Based on recent cross-sectional surveys, the prevalence
of sarcopenia of the present study (4.1%) was in the range
of sarcopenia prevalence (0.4-13.9%).13-17 Previous epidemiological studies have identified several factors affecting sarcopenia, including age, gender, BMI, physical

100

W Ma, W Zhang, J Zhai, H Li, T Zhao, L Han et al

Table 1. Basic characteristics of subjects with and without sarcopenia
Total (n=1140)
Sarcopenia status, n (%)
Sarcopenia
No sarcopenia
Age, years
Gender, n (%)
Male
Female
Body height, cm
Body weight, kg
Body mass index, kg/m2
Waist circumstance, cm
Hip circumstance, cm
Waist hip ratio, %
Blood pressure, mmHg
Systolic pressure
Diastolic pressure
Marital status, n (%)
Single
Married
Widowed
Separated
Education, n (%)
≤ Junior high school and
others
High school
≥ Some college
Current smoking, n (%)
Yes
No
Alcohol drinking, n (%)
Yes
No
Fasting blood glucose (mmol/L)
TC (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
Physical activity, n (%)
Low-impact exercise
Moderate-impact exercise
High-impact exercise
Energy intake, kcal/d
Macronutrient intake
Total protein, g/d
Fat, g/d
Carbohydrate, g/d

n (%) or M (Q25, Q75) or Mean±SD†
Sarcopenia (n=47)
No sarcopenia (n=1093)

1093 (95.9)
47 (4.12)
72.0 (68.0, 76.5)

82.0 (73.0, 86.0)

71.0 (68.0, 76.0)

500 (43.9)
640 (56.1)
163 (157, 170)
67.8 (60.3, 75.3)
25.5 (23.2, 27.6)
91.3±9.4
99 (94, 103)
0.92 (0.88, 0.96)

13 (27.7)
34 (72.3)
156 (150, 160)
51.3 (49.0, 55.7)
21.8 (19.8, 22.8)
83.9±8.2
92 (89.5, 95.5)
0.90 (0.85, 0.95)

487 (44.6)
606 (55.4)
163.0 (158, 170)
68.1 (61.4, 75.7)
25.7 (23.4, 27.7)
91.6±9.3
99 (95, 103)
0.92 (0.88, 0.96)

136 (128, 148)
78 (71, 85)

136 (125, 152)
76 (71, 85)

136 (128, 147)
78 (71, 85)

1 (0.09)
939 (86.8)
140 (12.9)
2 (0.18)

0 (0.00)
24 (60.0)
16 (40.0)
0 (0.00)

1 (0.10)
915 (87.8)
124 (11.9)
2 (0.19)

662 (61.2)

27 (67.5)

635 (60.9)

267 (24.7)
153 (14.1)

7 (17.5)
6 (15.0)

260 (25.0)
147 (14.1)

119 (11.0)
962 (89.0)

5 (12.5)
35 (87.5)

114 (11.0)
927 (89.1)

202 (18.7)
879 (81.3)
5.78 (5.22, 6.85)
5.91 (4.97, 6.84)
1.34 (0.92, 2.04)
2.85 (2.33, 3.38)
1.92 (1.60, 2.23)

1 (2.50)
39 (97.5)
5.62 (4.97, 7.02)
6.21 (5.49, 7.35)
1.07 (0.86, 1.69)
3.02 (2.40, 3.57)
2.04 (1.73, 2.42)

201 (19.3)
840 (80.7)
5.79 (5.23, 6.84)
5.89 (4.96, 6.81)
1.36 (0.92, 2.08)
2.84 (2.32, 3.37)
1.91 (1.60, 2.22)

p‡

<0.001
0.022
<0.001
<0.001
<0.001
<0.001
<0.001
0.081
0.894
0.889
<0.001

0.560

0.759
0.007
0.219
0.050
0.023
0.138
0.036
0.071

403 (35.4)
328 (28.8)
409 (35.9)
1797 (1537, 2126)

24 (51.1)
10 (21.3)
13 (27.7)
1621 (1308, 1996)

379 (34.7)
318 (29.1)
396 (36.2)
1800 (1540, 2137)

0.026

60.9 (47.8, 74.3)
75.4 (63.4, 90.8)
216 (173, 261)

51.1 (41.0, 65.1)
66.4 (59.6, 85.3)
186 (159, 237)

61.2 (48.2, 74.4)
75.9 (63.5, 90.9)
217 (173.9, 263)

0.013
0.054
0.031

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SD: standard deviation; TC: total cholesterol;
TG: triglyceride.
†
Data are presented as median (interquartile range) for continuous variables with non-normal distributions, as mean±SD for continuous
variables with normal distributions or participants (percentage %) for categorical variables.
‡
p for difference between groups was tested by Student’s t-test, chi-square, and Wilcoxon rank sum test, respectively.

activity, dietary of energy and protein intakes.25-27 Except
the above-mentioned factors, this study also found that
there were significant differences in height, weight, waist
circumference, hip circumference, alcohol drinking, marital status and carbohydrate intake between healthy participants and sarcopenic patients. In addition, higher levels
of serum TC and HDL-C, but lower TG levels might potentially increase in patients with sarcopenia. Regarding
dietary factors, intake of dietary protein was a crucial
factor associated with the risk of sarcopenia.
After adjusting for potential confounding factors, the
risk of sarcopenia was significantly reduced when the

protein intake ranged from 60.9 to 74.3 g/d. Among amino acids, dietary intakes of BCAAs, isoleucine and tryptophan were also negatively correlated with sarcopenic
risk. It has been demonstrated that 15-20 grams of protein
(7.5 g of essential amino acids) was sufficient to promote
muscle protein synthesis in adult subjects. Compared with
younger subjects, the elderly might need more protein to
maintain muscle protein synthesis.28 Santiago et al. reported that the protein intake of patients with sarcopenia
was significantly lower than that of healthy participants.29
In a cross-sectional study of the elderly in the Netherlands,
a higher protein intake was associated with a 4% reduc-

Branched chain amino acids and risk of sarcopenia

101

in sarcopenia; however, a diet rich in protein to increase
the proportion of BCAAs had a positive effect on muscle
mass in elders.21 In an open-label clinical trial demonstrated that supplementation with BCAAs enriched mixture significant improved muscle mass and physical function in malnourished patients.38 In addition, a randomized
controlled trial showed that BCAAs supplementation (7.2
g/day) had positive effects on muscle strength and mass
during a 5-week of intervention, but these positive effects
were decreased after a 12-week of intervention.39 Contrarily, animal model showed that supplementation with
BCAAs or leucine contributed to increasing protein catabolism, while the weight of muscle remained unchanged.40 Furthermore, several studies focused on the
roles of BCAAs supplementation on muscle mass and
function in patients with sarcopenia accompanied by other diseases.21,28,38-47 Accordingly, the roles of BCAAs on
muscle mass and functions were summarized and discussed in Table 4. In summary, BCAAs have beneficial
effects on muscle mass and function. It is worth noting
that when sarcopenia is combined with liver and kidney
disease differs from sarcopenia alone, so the results of
BCAAs supplementation in sarcopenia combined with
liver and kidney disease should be interpreted with caution. Therefore, the effects of BCAAs on skeletal muscle
mass and functions remain to be further investigated.

Figure 2. Association of dietary protein (A), branched chain
amino acids (B) intakes with risk of sarcopenia.

tion in the incidence of sarcopenia.30 A meta-analysis of
randomized controlled trials study found that protein and
amino acids supplementation exerted a positive impact on
muscle mass in the elderly.31 Supplemental 1-1.5 gram
protein per kilogram bodyweight could prevent sarcopenia and maintain skeletal muscle mass in the elderly.26,32,33 However, excessive protein intake (3 gram per
kilogram) had no beneficial effect on muscle protein synthesis, potentially causing appetite loss,34 tasting inhibition,35 and resulting in impaired renal function in the elderly.36 A previous study was consistent with the present
results, indicating that appropriate protein intake might be
beneficial in prevention of sarcopenia.
The relationships between dietary amino acid intakes
and sarcopenic risk have received extensive attention.
Amino acids generated by protein decomposition are the
main essential amino acids to maintain muscle health in
the elderly, especially BCAAs.28,37 BCAAs (leucine, valine, and isoleucine) are the most abundant amino acids in
proteins and can be exclusively obtained from dietary
sources rather than endogenous synthesis. Meat, dairy
products, eggs, beans, and cereals are rich in BCAAs, and
these foods have important physiological roles in the regulation of protein synthesis, metabolism, food intake, and
aging.21 Le Couteur et al. summarized the effect of
BCAAs supplementation on sarcopenia. They found that
BCAAs supplementation alone was unlikely to be useful

Figure 3. Association of dietary isoleucine (A), tryptophan (B)
intakes with risk of sarcopenia.
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Table 2. Multivariate adjusted odds ratios and 95% confidence intervals for sarcopenia compared to no sarcopenia by quartile of protein and amino acid intakes among 1140 elderly
subjects†
Total protein, g/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Branched chain amino acids, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Sulfur amino acids, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Aromatic amino acids, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Histidine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Lysine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Threonine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Isoleucine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Leucine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)

Q1
≤47.8
15/254
1.00 (reference)
1.00 (reference)
≤3002.2
13/256
1.00 (reference)
1.00 (reference)
≤629.9
11/258
1.00 (reference)
1.00 (reference)
≤1399.0
13/256
1.00 (reference)
1.00 (reference)
≤436.0
13/256
1.00 (reference)
1.00 (reference)
≤1052.5
14/255
1.00 (reference)
1.00 (reference)
≤672.2
14/255
1.00 (reference)
1.00 (reference)
≤717.5
13/256
1.00 (reference)
1.00 (reference)
≤1377.0
13/256
1.00 (reference)
1.00 (reference)

Q2
47.8-60.9
12/256
0.79 (0.36, 1.73)
0.16 (0.02, 1.28)
3002.2-4653.4
12/256
0.92 (0.41, 2.06)
0.27 (0.05, 1.48)
629.9-994.5
10/258
0.91 (0.38, 2.18)
0.71 (0.13, 3.79)
1399.0-2147.7
12/256
0.92 (0.41, 2.06)
0.53 (0.10, 2.70)
436.0-675.5
10/258
0.76 (0.33, 1.77)
0.63 (0.13, 3.09)
1052.5-1781.2
7/261
0.49 (0.19, 1.23)
0.19 (0.03, 1.18)
672.2-1092.9
11/257
0.78 (0.35, 1.75)
0.35 (0.07, 1.81)
717.5-1164.2
11/257
0.84 (0.37, 1.92)
0.37 (0.07, 2.06)
1377.0-2154.7
10/258
0.76 (0.33, 1.77)
0.25 (0.04, 1.48)

Q3
60.9-74.3
3/265
0.19 (0.05, 0.67)
0.02 (0.01, 0.53)
4653.4-6593.0
6/262
0.45 (0.17, 1.20)
0.68 (0.12, 3.80)
994.5-1417.5
9/260
0.81 (0.33, 1.99)
0.84 (0.16, 4.37)
2147.7-3053.1
6/262
0.45 (0.17, 1.20)
0.76 (0.14, 4.14)
675.5-960.3
8/261
0.60 (0.25, 1.48)
0.71 (0.14, 3.60)
1781.2-2622.7
10/259
0.70 (0.31, 1.61)
1.21 (0.23, 6.38)
1092.9-1543.0
6/263
0.42 (0.16, 1.10)
1.15 (0.21, 6.20)
1164.2-1638.7
299/260
0.68 (0.29, 1.62)
0.91 (0.17, 4.86)
2154.7-2994.0
8/260
0.61 (0.25, 1.49)
0.61 (0.12, 3.15)

Q4
>74.3
17/318
0.91 (0.44, 1.85)
0.31 (0.01, 8.22)
>6593.0
16/319
0.99 (0.47, 2.09)
0.11 (0.01, 0.90)
>1417.5
17/317
1.26 (0.58, 2.73)
0.35 (0.04, 3.09)
>3053.1
16/319
0.99 (0.47, 2.09)
0.16 (0.02, 1.18)
>960.3
16/318
0.99 (0.47, 2.10)
0.22 (0.03, 1.85)
>2622.7
16/318
0.92 (0.44, 1.91)
0.14 (0.02, 1.11)
>1543.0
16/318
0.92 (0.44, 1.91)
0.17 (0.02, 1.19)
>1638.7
14/320
0.86 (0.40, 1.87)
0.11 (0.01, 0.89)
>2994.0
16/319
0.99 (0.47, 2.09)
0.13 (0.01, 1.13)

p‡ for trend

0.340
0.056
0.680
0.119
0.604
0.589
0.682
0.190
0.873
0.287
0.977
0.283
0.565
0.217
0.609
0.122

0.858
0.212

CI: confidence interval; No.: number of subjects; OR: odds ratio.
†
The multivariable-adjusted model of logistic regression was adjustment for age, gender, height, weight, BMI, waist circumference, hip circumference, waist hip ratio, blood pressure, marital status, education level,
smoking, alcohol drinking, physical activity, fasting blood glucose, TC, TG, HDL-C, LDL-C, daily energy intake, carbohydrate intake, fat intake.
‡
p for trends were conducted by assigning the median value for each category and modelling this variable as a continuous variable.
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Table 2. Multivariate adjusted odds ratios and 95% confidence intervals for sarcopenia compared to no sarcopenia by quartile of protein and amino acid intakes among 1140 elderly
subjects† (cont.)
Valine, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)
Tryptophan, mg/d
No. of sarcopenia/no sarcopenia
OR (95% CI)
Multivariate adjusted OR (95% CI)

Q1
≤877
14/254
1.00 (reference)
1.00 (reference)
≤243
15/254
1.00 (reference)
1.00 (reference)

Q2
877-1360
10/259
0.70 (0.31, 1.61)
0.53 (0.11, 2.63)
243-379
6/262
0.39 (0.15, 1.02)
0.35 (0.06, 2.03)

Q3
1360-1910
7/262
0.48 (0.19, 1.22)
0.61 (0.12, 3.19)
379-533
12/257
0.79 (0.36, 1.72)
0.71 (0.15, 3.24)

Q4
>1910
16/318
0.91 (0.44, 1.91)
0.16 (0.02, 1.16)
>533
14/320
0.74 (0.35, 1.56)
0.10 (0.01, 0.87)

p‡ for trend

0.646
0.145
0.643
0.176

CI: confidence interval; No.: number of subjects; OR: odds ratio.
†
The multivariable-adjusted model of logistic regression was adjustment for age, gender, height, weight, BMI, waist circumference, hip circumference, waist hip ratio, blood pressure, marital status, education level,
smoking, alcohol drinking, physical activity, fasting blood glucose, TC, TG, HDL-C, LDL-C, daily energy intake, carbohydrate intake, fat intake.
‡
p for trends were conducted by assigning the median value for each category and modelling this variable as a continuous variable.

Table 3. Prediction of the relationships between dietary intakes of protein and amino acids and muscle mass functions by generalized linear regression†
Grip strength

Total protein, g/d
BCAAs, g/d
Sulfur amino acids, g/d
Aromatic amino acids, g/d
Histidine, g/d
Lysine, g/d
Threonine, g/d
Isoleucine, g/d
Leucine, g/d
Valine, g/d
Tryptophan, g/d

Crude model
β (SE)
p
0.12 (0.01)
<0.001
0.57 (0.09)
<0.001
2.52 (0.44)
<0.001
1.23 (0.20)
<0.001
4.07 (0.64)
<0.001
1.24 (0.21)
<0.001
2.27 (0.38)
<0.001
2.19 (0.36)
<0.001
1.21 (0.20)
<0.001
1.96 (0.32)
<0.001
7.75 (1.20)
<0.001

Adjusted model
β (SE)
p
-0.02 (0.02)
0.343
-0.11 (0.09)
0.186
-0.40 (0.38)
0.289
-0.21 (0.18)
0.262
-0.75 (0.60)
0.214
-0.28 (0.20)
0.171
-0.52 (0.36)
0.151
-0.38 (0.33)
0.253
-0.25 (0.19)
0.176
-0.42 (0.30)
0.168
-0.77 (1.09)
0.481

Gait speed
Crude model
β (SE)
p
0.00 (0.00)
<0.001
0.01 (0.00)
<0.001
0.05 (0.01)
<0.001
0.02 (0.00)
<0.001
0.08 (0.02)
<0.001
0.03 (0.01)
<0.001
0.05 (0.01)
<0.001
0.04 (0.01)
<0.001
0.02 (0.00)
<0.001
0.04 (0.01)
<0.001
0.14 (0.03)
<0.001

Adjusted model
β (SE)
p
0.00 (0.00)
0.054
0.01 (0.00)
0.032
0.02 (0.01)
0.203
0.01 (0.01)
0.033
0.04 (0.02)
0.056
0.02 (0.01)
0.011
0.03 (0.01)
0.022
0.02 (0.01)
0.084
0.01 (0.01)
0.025
0.02 (0.01)
0.021
0.09 (0.04)
0.011

BCAAs: branched chain amino acids; SE: standard error.
†
The multivariable-adjusted model of generalized linear analyses was adjustment for age, gender, height, weight, BMI, waist circumference, hip circumference, waist hip ratio, blood pressure, marital status, education level, smoking, alcohol drinking, physical activity, fasting blood glucose, TC, TG, HDL-C, LDL-C, daily energy intake, carbohydrate intake, fat intake.
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Table 4. Effect of Branched chain amino acids (BCAAs) on muscle mass and functions
Author, Year

Country

Type of article

Conclusions/ Evidence

Buondonno, 202038

Italy

Open-label Randomized
Trial

Supplementation with BCAAs enriched mixture significant improved muscle mass and physical function in
malnourished patients.

Dasarathy, 201647

Italy

Review Article

BCAAs improved protein synthesis and improve muscle mass by inhibiting the amino acid deficiency sensor, GCN2
and reversing eIF2α phosphorylation.

Positively

Hanai, 201541

Japan

Retrospective Study

BCAAs supplementation were associated with improved survival of sarcopenic patients with liver cirrhosis.

Positively

Hanai, 201746

Japan

Retrospective Study

Decreasing serum BCAAs levels was associated with sarcopenia, and BCAAs supplementation may be one of the
therapeutic options for sarcopenia and minimal hepatic encephalopathy in patients with liver cirrhosis.

Positively

Hiraoka, 201745

Japan

longitudinal Study

BCAAs supplementation and walking exercise were found to be effective and easily implemented for improving
muscle volume and strength in liver cirrhosis patients.

Positively

Holecek, 201640

Czech
Republic

Animal Trial

The results failed to demonstrate positive effects of the chronic consumption of BCAAs or leucine-enriched diets on
protein balance in skeletal muscle.

Negatively

Kitajima, 201842

Japan

longitudinal Study

In patients with liver cirrhosis, supplementation with BCAAs were related to decreased fat accumulation in skeletal
muscle, which maintained skeletal muscle mass and ameliorated glucose tolerance.

Positively

Ko, 202039

China
Australia

Supplementation with enriched BCAAs for 5 weeks correlates with short-term positive effects on sarcopenic
parameters but attenuation of those effects following discontinuation for 12 weeks.
BCAAs supplements by themselves are unlikely to be useful in sarcopenia, however, BCAAs as part of higher protein
intake, enriched amino acid supplement or a protein supplement are associated with improvements of muscle
function in older people.

Positively

Le Couteur, 202021

Single-arm Intervention
Study
Review Article

Nishikawa, 201644

Japan

Review Article

Decreased BCAAs concentration in the blood and/or muscles could lower ammonia clearance from the blood, and
lead to both the progression of hepatic encephalopathy and the increase of the severity of sarcopenia.

Positively

Rondanelli, 201528

Italy

Review Article

At rest, BCAAs, in particular leucine, have an anabolic effect by an increasing protein synthesis and/or a reducing the
rate of protein degradation, resulting in a positive net muscle protein balance.

Positively

Sinclair, 201643

Australia

Review Article

In sarcopenic cirrhotic patients, both reduced circulating BCAAs levels and reduced muscle mass might contribute to
impaired ammonia clearance.

Positively

BCAAs: branched chain amino acids; GCN2: general control nondepressed 2; eIF2α: eukaryotic initiation factor 2 α.

Effect on
muscles
Positively

Neutrally

Branched chain amino acids and risk of sarcopenia
It is necessary and significant to supplemental essential
amino acids contributing to skeletal muscle anabolism.48
The positive effect of BCAAs on muscle is achieved by
promoting protein synthesis and reducing protein degradation (Figure 4).20 BCAAs stimulate muscle anabolism
by promoting mTOR phosphorylation. With the activation of P70S6K, a downstream of mTOR, it increases
protein synthesis through activating S6 and eIF4B.49
Meanwhile, it has been reported that BCAAs could reduce the Atrogin-1 and MuRF-1 mRNA expression mediated by mTOR.50 Atrogin-1 and MuRF-1 are E3 ubiquitin
ligases expressed in skeletal muscle. Reduced levels of
these two substances could decrease the ubiquitination of
protein and reduce the degradation of muscle protein.51
Isoleucine might have synergies with insulin to activate
mTOR to reduce the loss of muscle mass or physical
function.21 Besides, one study found that tryptophan increased the lipid peroxidation of muscle by inducing the
kynurenine pathway, thereby increasing the risk of muscle reduction.52 But this mechanism is contrary to our
findings. Further research is needed to explore the relationship between a single amino acid and sarcopenia.
The associations of dietary protein and amino acid intakes with muscle mass functions were also investigated.
To date, no epidemiological study has reported the relationships between individual amino acids and muscle
mass functions. A double-blind randomized controlled
trial with 6 months of intervention showed that supplemental protein with a new chicken oral liquid significantly improved the gait speed in the higher-level physical
activity group in the elderly over 70 years, compared with
controls.53 Meanwhile, BCAAs supplementation could
improve muscle function in patients with sarcopenia in
short period of intervention, but not for a long period of
intervention.39 Regarding the relationship between single
amino acid and muscle mass function, tryptophan metabolites were associated with the increased risk of sarcopenia,54,55 but another study showed that serum kynurenine
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levels (a tryptophan metabolite) were negatively associated with grip strength and gait speed.52 Besides, no study
has explored the effects of dietary aromatic amino acids,
lysine and threonine supplementation on muscle mass
function, and that needs further research.
There are several advantages of this study to highlight.
To the best of our knowledge, this study is the first to
explore the relationships between dietary intakes of protein and amino acids and sarcopenic risk. The associations of protein and amino acids with muscle mass functions have also been investigated. Secondly, the present
community-based study provided strong evidence that
appropriate protein intake with higher BCAAs intakes
was inversely associated with risk of sarcopenia. We believe that the findings of this study have public health
significance for the prevention of sarcopenia. They also
deepen our understanding of the associations between
BCAAs and sarcopenia. There are limitations of this
study. Firstly, the accuracy of dietary protein and amino
acid intakes is crucial for component-based epidemiological study, but uncertain. Although the validated 3-day
food records were used to evaluate the dietary intakes of
protein and amino acids, measurement error was inevitable in participants over 65 years. Secondly, epidemiological research is inevitably limited by potentially unrecognized confounding factors. The multivariable-adjusted
models have inherent bias and residual confounding factors attributable to inaccurate or unmeasured risk factors
which might affect the final relationships advanced.24
Conclusion
In conclusion, the present study demonstrates that a moderate increase in protein intake is associated with a reduced risk of sarcopenia. Furthermore, higher intakes of
BCAAs are associated with reduced risk of sarcopenia
and improved physical functions. We believe the findings
of the present study have significant public health relevance for the prevention of sarcopenia. To confirm the

Figure 4. The mechanism of branched chain amino acids on muscle by affecting protein synthesis and degradation pathway.
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findings of this study, high-quality epidemiological studies with larger sample-size are warranted to be implemented in other regions and ethnic origins.
ACKNOWLEDGEMENTS
We gratefully acknowledge the contribution of all participants
involved in the project. We appreciate faculty and staff at Fushan and Ningxia Community Hospital for their supports on the
study.
AUTHOR DISCLOSURES
The authors declare this work has no conflict of interest.
This work was supported by National Natural Science Foundation of China (NSFC: 81773433 and 82073538) and by the
2018 Chinese Nutrition Society (CNS) Nutrition Research
Foundation-DSM Research Fund (CNS-DSM2018A30). The
funders have no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
REFERENCES
1. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY,
Iijima K et al. Asian Working Group for Sarcopenia: 2019
Consensus Update on Sarcopenia Diagnosis and Treatment.
J Am Med Dir Assoc. 2020;21:300-7.e2. doi: 10.1016/j.
jamda.2019.12.012.
2. Koliaki C, Liatis S, Dalamaga M, Kokkinos A. Sarcopenic
obesity: epidemiologic evidence, pathophysiology, and
therapeutic perspectives. Curr Obes Rep. 2019;8:458-71. doi:
10.1007/s13679-019-00359-9.
3. Kaido T, Ogawa K, Fujimoto Y, Ogura Y, Hata K, Ito T et
al. Impact of sarcopenia on survival in patients undergoing
living donor liver transplantation. Am J Transplant. 2013;13:
1549-56. doi: 10.1111/ajt.12221.
4. Mori H, Tokuda Y. Differences and overlap between
sarcopenia and physical frailty in older community-dwelling
Japanese. Asia Pac J Clin Nutr. 2019;28:157-65. doi: 10.
6133/apjcn.201903_28(1).0021.
5. Yoo JI, Ha YC, Choi H, Kim KH, Lee YK, Koo KH et al.
Malnutrition and chronic inflammation as risk factors for
sarcopenia in elderly patients with hip fracture. Asia Pac J
Clin Nutr. 2018;27:527-32. doi: 10.6133/apjcn.082017.02.
6. Luo J, Quan Z, Lin S, Cui L. The association between blood
concentration of 25- hydroxyvitamin D and sarcopenia: a
meta-analysis. Asia Pac J Clin Nutr. 2018;27:1258-70. doi:
10.6133/apjcn.201811_27(6).0013.
7. Lee H, Kim K, Ahn J, Lee DR, Lee JH, Hwang SD.
Association of nutritional status with osteoporosis,
sarcopenia, and cognitive impairment in patients on
hemodialysis. Asia Pac J Clin Nutr. 2020;29:712-23. doi:
10.6133/apjcn.202012_29(4).0006.
8. Du Y, Oh C, No J. Does vitamin D affect sarcopenia with
insulin resistance in aging? Asia Pac J Clin Nutr. 2020;29:
648-56. doi: 10.6133/apjcn.202009_29(3).0025.
9. Meng L, Man Q, Yuan L, Shen L, Li W, Guo G et al. Serum
25-hydroxyvitamin D and elderly skeletal muscle mass and
function in urban north China. Asia Pac J Clin Nutr. 2017;26:
849-55. doi: 10.6133/apjcn.072016.13.
10. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, Landi F et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People.
Age Ageing. 2010;39:412-23. doi: 10.1093/ageing/afq034.
11. Kilavuz A, Meseri R, Savas S, Simsek H, Sahin S, Bicakli
DH et al. Association of sarcopenia with depressive
symptoms and functional status among ambulatory
community-dwelling elderly. Arch Gerontol Geriatr. 2018;
76:196-201. doi: 10.1016/j.archger.2018.03.003.

W Ma, W Zhang, J Zhai, H Li, T Zhao, L Han et al
12. Seo AR, Kim MJ, Kim B, Seo YM, Lee GY, Park KS et al.
Associations between frailty in older adults and malnutrition
in rural areas: 2019 Updated Version of the Asian Working
Group for Sarcopenia. Yonsei Med J. 2021;62:249-54. doi:
10.3349/ymj.2021.62.3.249.
13. Wang N, Chen M, Fang D. Relationship between serum
triglyceride to high-density lipoprotein cholesterol ratio and
sarcopenia occurrence rate in community-dwelling Chinese
adults. Lipids Health Dis. 2020;19:248. doi: 10.1186/
s12944-020-01422-4.
14. Therakomen V, Petchlorlian A, Lakananurak N. Prevalence
and risk factors of primary sarcopenia in communitydwelling outpatient elderly: a cross-sectional study. Sci Rep.
2020;10:19551. doi: 10.1038/s41598-020-75250-y.
15. Petermann-Rocha F, Chen M, Gray SR, Ho FK, Pell JP,
Celis-Morales C. Factors associated with sarcopenia: A
cross-sectional analysis using UK Biobank. Maturitas.
2020;133:60-7. doi: 10.1016/j.maturitas.2020.01.004.
16. Marcos-Pardo PJ, González-Gálvez N, López-Vivancos A,
Espeso-García A, Martínez-Aranda LM, Gea-García GM et
al. Sarcopenia, diet, physical activity and obesity in
European middle-aged and older adults: The LifeAge Study.
Nutrients. 2020;13:8 doi: 10.3390/nu13010008.
17. Fang Q, Zhu G, Huang J, Pan S, Fang M, Li Q et al. Current
status of sarcopenia in the disabled elderly of Chinese
communities in Shanghai: Based on the Updated EWGSOP
Consensus for Sarcopenia. Front Med (Lausanne). 2020;7:
552415. doi: 10.3389/fmed.2020.552415.
18. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA,
Newman AB 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. doi: 10.1093/ajcn/87.1.150.
19. Kobayashi S, Asakura K, Suga H, Sasaki S. High protein
intake is associated with low prevalence of frailty among old
Japanese women: a multicenter cross-sectional study. Nutr J.
2013;12:164. doi: 10.1186/1475-2891-12-164.
20. Yamanashi K, Kinugawa S, Fukushima A, Kakutani N,
Takada S, Obata Y et al. Branched-chain amino acid
supplementation ameliorates angiotensin II-induced skeletal
muscle atrophy. Life Sci. 2020;250:117593. doi: 10.1016/j.
lfs.2020.117593.
21. Le Couteur DG, Solon-Biet SM, Cogger VC, Ribeiro R, de
Cabo R, Raubenheimer D et al. Branched chain amino acids,
aging and age-related health. Ageing Res Rev. 2020;64:
101198. doi: 10.1016/j.arr.2020.101198.
22. Higashiguchi T, Arai H, Claytor LH, Kuzuya M, Kotani J,
Lee SD et al. Taking action against malnutrition in Asian
healthcare settings: an initiative of a Northeast Asia Study
Group. Asia Pac J Clin Nutr. 2017;26:202-11. doi: 10.6133/
apjcn.022016.04.
23. Sattler MC, Jaunig J, Tösch C, Watson ED, Mokkink LB,
Dietz P et al. Current evidence of measurement properties of
physical activity questionnaires for older adults: An updated
systematic review. Sports Med. 2020;50:1271-315. doi: 10.
1007/s40279-020-01268-x.
24. Desquilbet L, Mariotti F. Dose-response analyses using
restricted cubic spline functions in public health research.
Stat Med. 2010;29:1037-57. doi: 10.1002/sim.3841.
25. Sayer AA, Robinson SM, Patel HP, Shavlakadze T, Cooper
C, Grounds MD. New horizons in the pathogenesis,
diagnosis and management of sarcopenia. Age Ageing. 2013;
42:145-50. doi: 10.1093/ageing/afs191.
26. Beasley JM, Shikany JM, Thomson CA. The role of dietary
protein intake in the prevention of sarcopenia of aging. Nutr
Clin Pract. 2013;28:684-90. doi: 10.1177/088453361350
7607.

Branched chain amino acids and risk of sarcopenia
27. Kim H, Hirano H, Edahiro A, Ohara Y, Watanabe Y,
Kojima N et al. Sarcopenia: Prevalence and associated
factors based on different suggested definitions in
community-dwelling older adults. Geriatr Gerontol Int.
2016;16(Suppl 1):110-22. doi: 10.1111/ggi.12723.
28. Rondanelli M, Faliva M, Monteferrario F, Peroni G, Repaci
E, Allieri F et al. Novel insights on nutrient management of
sarcopenia in elderly. Biomed Res Int. 2015;2015:524948.
doi: 10.1155/2015/524948.
29. Santiago ECS, Roriz AKC, Ramos LB, Ferreira AJF,
Oliveira CC, Gomes-Neto M. Comparison of calorie and
nutrient intake among elderly with and without sarcopenia:
A systematic review and meta-analysis. Nutr Rev. 2021;79:
1338-52. doi: 10.1093/nutrit/nuaa145.
30. Dorhout BG, Overdevest E, Tieland M, Nicolaou M, Weijs
PJM, Snijder MB et al. Sarcopenia and its relation to protein
intake across older ethnic populations in the Netherlands:
the HELIUS study. Ethn Health. 2020:1-16. doi: 10.1080/
13557858.2020.1814207.
31. Martin-Cantero A, Reijnierse EM, Gill BMT, Maier AB.
Factors influencing the efficacy of nutritional interventions
on muscle mass in older adults: a systematic review and
meta-analysis. Nutr Rev. 2021;79:315-30. doi: 10.1093/
nutrit/nuaa064.
32. Putra C, Konow N, Gage M, York CG, Mangano KM.
Protein source and muscle health in older adults: a literature
review. Nutrients. 2021;13:743. doi: 10.3390/nu13030743.
33. Kim JS, Wilson JM, Lee SR. Dietary implications on
mechanisms of sarcopenia: roles of protein, amino acids and
antioxidants. J Nutr Biochem. 2010;21:1-13. doi: 10.1016/j.
jnutbio.2009.06.014.
34. Johnson KO, Shannon OM, Matu J, Holliday A, Ispoglou T,
Deighton K. Differences in circulating appetite-related
hormone concentrations between younger and older adults: a
systematic review and meta-analysis. Aging Clin Exp Res.
2020;32:1233-44. doi: 10.1007/s40520-019-01292-6.
35. Landi F, Calvani R, Tosato M, Martone AM, Ortolani E,
Savera G et al. Anorexia of aging: risk factors,
consequences, and potential treatments. Nutrients. 2016;8:69.
doi: 10.3390/nu8020069.
36. Walrand S, Short KR, Bigelow ML, Sweatt AJ, Hutson SM,
Nair KS. Functional impact of high protein intake on healthy
elderly people. Am J Physiol Endocrinol Metab. 2008;
295:E921-8. doi: 10.1152/ajpendo.90536.2008.
37. Millward DJ. Sufficient protein for our elders? Am J Clin
Nutr. 2008;88:1187-8. doi: 10.3945/ajcn.2008.26828.
38. Buondonno I, Sassi F, Carignano G, Dutto F, Ferreri C, Pili
FG et al. From mitochondria to healthy aging: The role of
branched-chain amino acids treatment: MATeR a
randomized study. Clin Nutr. 2020;39:2080-91. doi: 10.
1016/j.clnu.2019.10.013.
39. Ko CH, Wu SJ, Wang ST, Chang YF, Chang CS, Kuan TS
et al. Effects of enriched branched-chain amino acid
supplementation on sarcopenia. Aging (Albany NY). 2020;
12:15091-103. doi: 10.18632/aging.103576.
40. Holecek M, Siman P, Vodenicarovova M, Kandar R.
Alterations in protein and amino acid metabolism in rats fed
a branched-chain amino acid- or leucine-enriched diet
during postprandial and postabsorptive states. Nutr Metab
(Lond). 2016;13:12. doi: 10.1186/s12986-016-0072-3.
41. Hanai T, Shiraki M, Nishimura K, Ohnishi S, Imai K,
Suetsugu A et al. Sarcopenia impairs prognosis of patients
with liver cirrhosis. Nutrition. 2015;31:193-9. doi: 10.
1016/j.nut.2014.07.005.
42. Kitajima Y, Takahashi H, Akiyama T, Murayama K, Iwane

107

S, Kuwashiro T et al. Supplementation with branched-chain
amino acids ameliorates hypoalbuminemia, prevents
sarcopenia, and reduces fat accumulation in the skeletal
muscles of patients with liver cirrhosis. J Gastroenterol.
2018;53:427-37. doi: 10.1007/s00535-017-1370-x.
43. Sinclair M, Gow PJ, Grossmann M, Angus PW. Review
article: sarcopenia in cirrhosis--aetiology, implications and
potential therapeutic interventions. Aliment Pharmacol Ther.
2016;43:765-77. doi: 10.1111/apt.13549.
44. Nishikawa H, Shiraki M, Hiramatsu A, Moriya K, Hino K,
Nishiguchi S. Japan Society of Hepatology guidelines for
sarcopenia in liver disease (1st edition): Recommendation
from the working group for creation of sarcopenia
assessment criteria. Hepatol Res. 2016;46:951-63. doi: 10.
1111/hepr.12774.
45. Hiraoka A, Michitaka K, Kiguchi D, Izumoto H, Ueki H,
Kaneto M et al. Efficacy of branched-chain amino acid
supplementation and walking exercise for preventing
sarcopenia in patients with liver cirrhosis. Eur J
Gastroenterol Hepatol. 2017;29:1416-23. doi: 10.1097/meg.
0000000000000986.
46. Hanai T, Shiraki M, Watanabe S, Kochi T, Imai K, Suetsugu
A et al. Sarcopenia predicts minimal hepatic encephalopathy
in patients with liver cirrhosis. Hepatol Res. 2017;47:135967. doi: 10.1111/hepr.12873.
47. Dasarathy S, Merli M. Sarcopenia from mechanism to
diagnosis and treatment in liver disease. J Hepatol.
2016;65:1232-44. doi: 10.1016/j.jhep.2016.07.040.
48. Neinast M, Murashige D, Arany Z. Branched chain amino
acids. Annu Rev Physiol. 2019;81:139-64. doi: 10.
1146/annurev-physiol-020518-114455.
49. Gumucio JP, Mendias CL. Atrogin-1, MuRF-1, and
sarcopenia. Endocrine. 2013;43:12-21. doi: 10.1007/s12020012-9751-7.
50. Herningtyas EH, Okimura Y, Handayaningsih AE,
Yamamoto D, Maki T, Iida K et al. Branched-chain amino
acids and arginine suppress MaFbx/atrogin-1 mRNA
expression via mTOR pathway in C2C12 cell line. Biochim
Biophys Acta. 2008;1780:1115-20. doi: 10.1016/j.bbagen.
2008.06.004.
51. Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L,
Clarke BA et al. Identification of ubiquitin ligases required
for skeletal muscle atrophy. Science. 2001;294:1704-8. doi:
10.1126/science.1065874.
52. Jang IY, Park JH, Kim JH, Lee S, Lee E, Lee JY et al. The
association of circulating kynurenine, a tryptophan
metabolite, with frailty in older adults. Aging (Albany NY).
2020;12:22253-65. doi: 10.18632/aging.104179.
53. Assantachai P, Jirapinyo P, Densupsoontorn N, Intalapaporn
S, Chatthanawaree W, Muangpaisan W et al. The benefits of
a novel chicken-based oral nutritional supplement for older
adults: A double-blind randomized controlled trial. Asia Pac
J Clin Nutr. 2020;29:743-50. doi: 10.6133/apjcn.202012_
29(4).0009.
54. Ispoglou T, Witard OC, Duckworth LC, Lees MJ. The
efficacy of essential amino acid supplementation for
augmenting dietary protein intake in older adults:
implications for skeletal muscle mass, strength and function.
Proc Nutr Soc. 2021;80:230-42. doi: 10.1017/s002966512
0008010.
55. Kaiser H, Yu K, Pandya C, Mendhe B, Isales CM, McGeeLawrence ME et al. Kynurenine, a tryptophan metabolite
that increases with age, induces muscle atrophy and lipid
peroxidation. Oxid Med Cell Longev. 2019;2019:9894238.
doi: 10.1155/2019/9894238.

