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Possible-sarcopenic screening GEE

with disturbed plasma amino acid profile
in the elderly
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Abstract

Background The mass and strength of skeletal muscle decline with age, leading to its progressive dysfunction. High-
throughput metabolite profiling provides the opportunity to reveal metabolic mechanisms and the identification
of biomarkers. However, the role of amino acid metabolism in possible sarcopenia remains unclear.

Objectives The aim of this study included exploring variations in plasma amino acid concentrations in elderly indi-
viduals who have possible sarcopenia and further attempting to characterize a distinctive plasma amino acid profile
through targeted metabolomics.

Methods A cross-sectional, correlational research design was used for this study. Thirty possible-sarcopenic elderly
participants were recruited (n=30), as determined by the Asian Working Group for Sarcopenia (AWGS). Meanwhile,

a reference group of non-sarcopenic (sex-, age-, and Appendicular Skeletal muscle Mass Index (ASMI)-matched non-
sarcopenic controls, n=36) individuals was included to compare the potential differences in metabolic fingerprint

of the plasma amino acids associated with sarcopenia. Both groups were conducted the body composition analysis,
physical function examination, and plasma amino acid-targeted metabolomics. The amino acids in plasma were
measured using ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS-MS). Also, orthogo-
nal partial least-squares-discriminant analysis (OPLS-DA) was applied to characterize the plasma amino acid profile.

Results With respect to Handgrip Strength (HGS), the Five-Repetition Chair Stand Test (CS-5), the Six-Minute Walk-
ing Test (6MWT), the arm curl, the 30 s-Chair Stand Test (CST), the 2-Minute Step Test (2MST), the Timed Up-and-Go
Test (TUGT), there was a decline in skeletal muscle function in the possible-sarcopenic group compared to the non-
sarcopenic group. The mean plasma concentrations of arginine, asparagine, phenylalanine, serine, lysine, glutamine,
and threonine were significantly lower in the possible sarcopenia group, whereas cirulline, proline, serine, and glu-
tamic acid concentrations were higher. According to the multi-analysis, glutamine, serine, lysine, threonine, and pro-
line were determined as the potential markers that indicated possible sarcopenia.

Conclusions The findings characterize significantly altered plasma amino acid metabolisms in the elderly with pos-
sible sarcopenia, which aids to screening people who are at a high risk of developing condition, and motivating
to design new preventive and therapeutic approaches.
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Introduction

A progressive decline in muscle strength and an increase
in muscle fatigability evolve to a generalized deterio-
ration of physiological function, and increase the rate
of disability and dependency [1]. Sarcopenia, the term
for the aging-related loss of skeletal muscle, has serious
physiological and clinical repercussions [2—5]. Recent
researches have indicated that the age-related decline in
muscle strength is greater than what would be expected
by the decline in muscle mass alone, with consequent
decrease in the strength to mass ratio, also known as
biomechanical muscle quality [6, 7]. Although the age-
related decline in muscle strength is associated with the
loss in muscle size [8], longitudinal studies discovered
a 1.5 to 5 times greater decline in muscle strength com-
pared with muscle size [9, 10]. In addition, there was a
stronger correlation between muscle strength and dis-
ability compared to that between muscle mass and
strength [11]. Evidence suggests that physical perfor-
mance is influenced by muscular strength, and this rela-
tionship is curvilinear in the elder individuals [12—14].
Interestingly, decreasing muscle strength rather than
muscle mass alone is a far stronger predictor of func-
tional limitation and poor health in elderly [15]. Further
strategies for early detection of those suffering from, or at
a risk of developing sarcopenia, are advised by the Asian
Working Group for Sarcopenia (AWGS) 2019 to enable
necessary interventions in contexts lacking advanced
diagnostic equipment [16]. In particular, AWGS 2019
introduces “possible sarcopenia’; defined as poor muscle
strength with or without reduced physical performance,
which is recommended for use in primary healthcare and
preventive services [16]. The etiology of skeletal muscle
mass and function loss may include satellite cell senes-
cence, death of motor neurons, decreased activity of neu-
romuscular junctions, hormonal state, pro-inflammatory
cytokines, impaired mitochondrial function, abnormal
myokine synthesis, and weight loss accompanied by
decreased appetite [3—5]. The actual cause of the reduc-
tion in skeletal muscle ability when aging, despite exten-
sive research in this area, is still a mystery.

All organ systems in the human body are connected by
plasma free amino acids (PFAA), which are abundantly
circulated and whose profiles have been shown to be
influenced by metabolic variations in specific organ sys-
tems induced by certain diseases [17]. Participants with
physical frailty and sarcopenia that are characterized by
physical function impairment [18], in particular, show
distinct patterns of circulating amino acids and deriva-
tives [19]. Meanwhile, lower plasma concentrations of
the branched-chain amino acids (BCAAs) leucine and
isoleucine defined the sarcopenic elderly Norwegian
community dwellers [20]. Similarly, higher concentration
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of proline and a decline in plasma essential amino acids
(EAAs) were seen in the elder Japanese with sarcopenia
[21] and severe frailty, compared with non-frail peers
[22]. Recent research from the Baltimore Longitudinal
Study of Aging found that distinct amino acid signa-
tures were associated with muscle mass in elderly with
functional limitations and poor muscle quality [23, 24].
High levels of BCAA are related with a higher fat-free
mass [25] and better skeletal muscle in elderly, respec-
tively. Abnormal PFAA profiles in age-related diseases
[23, 26, 27] indicated that skeletal muscular decline may
be accelerated by defective PFAA metabolism. Further-
more, leucine-rich EAA supplementation plus physical
exercise can increase the amount and the strength of
skeletal muscle in sarcopenic elderly [28]. Therefore, the
existence of an amino acid signature in advanced-aged
individuals with weak skeletal muscle raises the possi-
bility of specific metabolic and pathogenetic alterations.
However, the discovery of biochemical indicators in such
alterations has still attracted little attention.

Although the pathophysiology of aging is complicated
and multifaceted, the major role for muscle recession
suggests that biomarkers should be utilized to unveil
underlying mechanisms and identify targets for inter-
ventions. As a result, amino acid profiling may be served
as a potent analytical approach to explore the potential
function of protein-amino acid networks in possible sar-
copenia, especially when coupled with multivariate sta-
tistical analysis. The objectives of the current study are
to characterize the plasma amino acids print and develop
a metabolite predictor from possible sarcopenia, thus to
provide an analytical explanation of complicated meta-
bolic processes.

Experimental procedures

Study design

The cross-sectional study was based on baseline data
from RCT study of the National Key Research and
Development Program of China (RCTs registered at
the Chinese Clinical Trial Registry on 19/10/2022,
ChiCTR2200064801) conducting in October, 2022.
Volunteers between the ages of 81 and 90 years were
recruited from the Hua-Du Aged-care Center (Shandong
Province, China). Sixty-six senior adults were enrolled
after being informed of detailed explanation of proce-
dures, risks of the investigation, and providing written
informed consent. According to the AWGS 2019 recom-
mendation, the possible sarcopenia was defined as low
muscle strength with or without reduced physical per-
formance: low muscle strength diagnostic cutoffs were
handgrip (< 28.0 kg) for men and (< 18.0 kg) for women.
Hence, participants were divided into two groups with
possible sarcopenia and non-sarcopenia.
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Inclusion criteria

Age ranging from eighty-one to nighty; Ability to com-
municate with others; Ability to perform physical
function test; No disease that might impair exercise
performance.

Exclusion criteria

To prevent issues that hinder the progress of the study,
each participant was screened under scrutiny. Any of
the following conditions happen could exclude a par-
ticipant from fulfilling the subsequent experiments:
Uncontrolled hypertension; Acute musculoskeletal
injuries, joint contractures or internal metal implants
such as total joint arthroplasty; Cardiovascular, pul-
monary disorders or serious sequelae that could pre-
vent them from engaging in exercise; Neurological
impairment.

Ethical procedure

All experiments were approved by the Ethics Com-
mittees of Beijing Sport University for Sports Science
Experimental (trial number 2020082H). The codes of
the China of Health were complied, according to Ethi-
cal review measures for biomedical research involv-
ing human beings of Health, Science and Education
200,717 (license number). All methods were performed
in accordance with the relevant guidelines and regula-
tions. The procedures and risks of the investigation
were thoroughly explained to participants and written
informed consent was obtained prior to participation.

Assessments and procedures for data collection
Demographic information

A questionnaire was designed to collect demographic
information (gender, age, illnesses, present medical
issues, and lifestyle choices) and estimate dietary con-
sumption, which has a great impact on metabolite.
Experimenters ask information about the intake fre-
quency of eggs, red meat, poultry, freshwater fishes,
seafood, soybean products, milk. Meanwhile, blood
specimens were collected from the participants and
muscle mass, physical function examination were
also performed. Basic information, physical func-
tion indexes and plasma amino acids metabolites were
compared between possible sarcopenic and non-sarco-
penic control groups. The data used in this study were
anonymized and masked for analysis.

Body composition and physical function measurements

InBody S10 (InBody Co. Ltd, Seoul, Korea) was used to
estimate muscle mass kg/m? in the standing position.
After height and weight were measured, four electrodes
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were attached to both upper and lower extremities to
obtain appendicular and trunk muscle mass. ASMI was
calculated by dividing the upper and lower extremi-
ties the muscle mass by height squared in meters [29].
According to the literature, a wide range of physical
performance tests are used to test physical function,
including Handgrip Strength (HGS) [30], Five-Repe-
tition Chair Stand Test (CS-5) [31], 6-Minute Walk-
ing Test (6MWT) [32], arm curl [33], 30 s-Chair Stand
Test (CST) [33], 2-Minute Step Test (2MST) [33] and
the 8-Feet Timed Up-and-Go Test (TUGT) [33]. Before
experiments, the investigator informed participants
of the procedure and performed a demonstration. In
order to avoid fatigue build-up, the upper- and lower-
body tests were performed by turns and the interval
between each test was approximately 3 min.

During HGS (using a dynamometer, CAMRY EH101)
assessment session, participants were asked to stand
upright with their feet hip-width apart and to face for-
ward with hands holding a dynamometer in a neutral
position (elbows not extended and the index finger flexed
with 90°) until the elbows were fully extended. All par-
ticipants were required to grip at their maximum force
for 3 s, and 60 s between each set. In CS-5 test session,
participants were asked to fold their arms across their
chest (armrests were not used) and stand up from the
standardized armless chair (0.47 m in height) during pre-
experiment test, and performed chair stands for 5 times
in a timely manner. 6MWT test session was performed
as participants walked at their maximum speed along a
50-m-long rectangular field, which was ceased if partici-
pants were exhaustive. TUGT session aimed at assess-
ing dynamic balance ability. Participants were seated
with hands on thighs and feet flat on the floor. They were
instructed to walk as quickly as possible back-and-forth
towards a cone that was placed 3 m away, and recover
to a fully seated position on the chair. CST and arm curl
sessions covered tests on lower-body strength. Partici-
pants should complete stand-and-sit challenge (CST)
and weight-lifting trials (arm curl session, 8-1bs dumbbell
for male and 5-lbs dumbbell for female) as many times
in 30 s. The final session, 2MST, is an alternative aerobic
endurance test. Participants should raise each knee to
a point midway between the patella (kneecap) and iliac
crest (top hip bone) in 2 min.

Blood sample collection and plasma amino acids
quantification

For measures of plasma amino acids metabolites, blood
samples were collected from the forearm vein into vacu-
tainers containing lithium-heparin after an overnight
fast at the same day with physical function examination.
The plasma-fraction was then obtained by centrifugation
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at 3,000 rpm for 30 min at 4 “C. The samples were then
immediately stored at -80 “C for further analysis [34].

The amino acids in plasma were measured using ultra-
performance liquid chromatography-tandem mass spec-
trometry (UPLC-MS—MS). Samples were analyzed on a
QTRAP 5500 LC-MS/MS system (SCIEX, Framingham,
MA) equipped with a Waters UPLC (Waters, USA) [35].

For the quantification of amino acids, 40 4L plasma was
mixed with 20 pL stable-isotope-labeled internal stand-
ard (IS) in sulfosalicylic acid to precipitate proteins, and
this process was then vortexed and centrifuged (4000
rpm, 4°C, 20 min). Chromatographic separation was
achieved on an HSS T3 column (100 X 2.1 mm, 1.8 um,
Waters, USA), and the column temperature was main-
tained at 40 °C. The UPLC system employed a gradient
elution program consisting of water with 0.1% formic
acid (mobile phase A) and acetonitrile (mobile phase B).
The linear gradient was optimized and was as follows:
0.3—6 min, 2% to 40% B; 6—9 min, 40% B, 9-9.5 min for
40% to 90% B, with a 0.5 ml/min flow rate. Calibration
was achieved by spiking plasma with various concentra-
tions of amino acid standards. Data were further ana-
lyzed using MultiQuant software (SCIEX, USA) [35].

Statistical methods

Descriptive statistics

Mann-Whitney U-test was implemented to evaluate
the demographic information, food frequency, physical
function and plasma amino acid concentration and Chi-
square test to alcohol-drinking history, disease history

Table 1 The main characteristics between two groups

Page 4 of 10

and exercise habit between the possible-sarcopenic and
non-sarcopenic group with IBM SPSS software 23.0.
Data are presented as mean = standard deviation (M +
SD), with statistical significance value p < 0.05.

The plasma amino acid analysis

The data generated by the plasma amino acid metabo-
lomics were then imported separately into the SIMCA-
P +14.1 software package. We used principle component
analysis (PCA) and orthogonal partial least-squares-dis-
criminant analysis (OPLS-DA) to identify differences of
plasma amino acids. The contribution of each metabolite
ion to the discrimination of each group is reflected in the
variable importance in projection (vip) obtained during
OPLS-DA processing. Variables (vip > 1 and p < 0.05),
along with the metabolites with statistical significance
through multivariate and univariate analyses (vip > 1and
p < 0.05) were sufficient to distinguish the possible sar-
copenia group from the control one.

Results

The characteristics of participants information

and physical function

Information such as ages, food frequency, alcohol-drink-
ing history, disease history, exercise habit from ques-
tionnaire and physical function characteristics for the
entailed participants between possible sarcopenia and
non-sarcopenia were listed in Tables 1 and 2. There was
no discernable difference in ages, food frequency, alco-
hol-drinking history, disease history, and Appendicular

Basic information Possible sarcopenia Non-sarcopenia p-value
(n=30) (n=36)

age (y) 85.77+3.53 84.69+273 0.169
coarse cereals 20.00+4.75 19.67 £4.60 0.78
eggs 17.66+6.19 16.67+2.24 0.238
red meat 20.24+17.57 21.22+444 0476
poultry 20.59+18.17 21.28+537 0.063
freshwater fishes 23.17+851 2456+4.77 0.741
seafood 25.38+833 2561+£3.24 0.151
soybean products 23.59+7.06 2422+4.16 0811
milk 18.34+7.07 17.61+4.63 0.824
alcohol-drinking history (yes or no) 2/25 4/30 0.570
hypertension (yes or no) 15/12 21/13 0.624
hyperlipidemia (yes or no) 3/24 5/29 0.68
diabetes (yes or no) 6/21 6/28 0.655
cardiopathy (yes or no) 8/19 12/22 0.640
exercise habit (yes or no) 10/17 27/7 0.001

The results from food frequency questionnaire (collected weekly) were listed, and variables were analyzed by Mann-Whitney U tests and expressed as M + SD
(mean = standard deviation), which showed significant difference between two groups (p < 0.05). Alcohol-drinking history, disease history and exercise habit were
represented by example (n) and analyzed by Chi-square test, significantly different between two groups (p < 0.05)
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Table 2 The physical function values between two groups

Physical Possible sarcopenia Non-sarcopenia  p-value
performance (n=30) (n=36)

ASMI 6.13+0.97 6194142 0.835
HGS 15.60+5.24 25214695 0.00
CS-5 15.94+2.24 9.16+1.70 0.00
6MWT 278.15+7852 416.36+£99.51 0.00
Arm curl 13.03£4.75 17.86+7.29 0.003
CST 820+2.72 16.19+£2.65 0.00
2-MST 4550+17.29 89.08+16.27 0.00
TUGT 17.85+6.34 9.78+3.14 0.00

Data were represented as M + SD (mean = standard deviation). Variables

were analyzed by Mann-Whitney U tests, significantly different between

two groups (p < 0.05). ASMI (Appendicular Skeletal muscle Mass Index), HGS
(handgrip strength, kg), CS-5 (Five-Repetition Chair Stand Test, s), 6GMWT (the
six-minute walking test, m), Arm Curl (repetitions), CST (the 30 s-chair stand test,
repetitions), 2MST, (2-min step test repetitions), TUGT (timing up-and-go test,
seconds). Gestational age of participants stands for the time at which plasma
samples were collected

Skeletal muscle Mass Index (ASMI) between two groups.
However, physical function and exercise habit was poorer
in participants who have possible sarcopenia than in con-
trols, as expected (p < 0.01).

Plasma amino acids concentration

Nine plasma amino acids showed the substantial vari-
ations between the two groups. The general pattern of
citrulline, glutamic acid, and proline plasma concentra-
tions generally increased in possible-sarcopenic group.
The concentrations of seven (out of twenty amino acids)
decreased with possible sarcopenia, namely arginine, ser-
ine, asparagine, glutamine, threonine, phenylalanine and
lysine (Table 3).

Classification of plasma amino acid based on OPLS-DA

In order to verify the existence of distinct patterns of
amino acids in participants with possible sarcopenia, a
OPLS-DA classification model was constructed and vali-
dated. Age, gender and ASMI did not significantly differ
between the two groups in this study. Besides, diversity in
exercise, nutrition, and living conditions have effects on
metabolomics results. In order to reduce the impact of
interference factors on the experimental results, OPLS-
DA, which combines partial least squares discriminant
analysis and orthogonal signal correction, can screen the
differential variables by removing individual differences.
The PCA score plot (Fig. 1A) which used two compo-
nents (R2Xcum=0.621, Q2cum=0.485), exhibited the
separate trends comparing maternal plasma from the two
groups. These results indicate that plasma contains a par-
ticular pattern of amino acids. The twenty amino acids
in plasma samples were subjected to OPLS-DA analysis,
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Table 3 Concentration of Plasma amino acids between two

groups

Plasma amino Possible sarcopenia Non-sarcopenia p-value
acid (n=30) (n=36)

Alanine 430.24+144.98 422.26+186.74 0.849
Arginine 685+31.34 83.43+27.60 0.044
Asparagine 2997+8.74 39.16+8.75 0.000
Aspartic acid 7.03+587 5.66+447 0.285
Citrulline 4561+£17.28 37.02+16.09 0.041
Glutamine 329.39+81.31 397.80+£113.72 0.008
Glutamic acid 81.51+41.75 63.57+34.31 0.001
Histidine 59.90+18.78 54.70+12.31 0.199
Isoleucine 74.72+26.59 7540+24.73 0914
Leucine 126.54+43.96 119.95+34.45 0.507
Lysine 204.04+67.04 22828+56.25 0.022
Methionine 24.05+8.12 25.09+£594 0.551
Ornithine 53.85+25.33 54.38+24.33 0.931
Phenylalanine 61.93+2052 69.21+£14.20 0.012
Proline 358.79+244.53 22822+111.63 0.010
Serine 67.90+30.67 86.63+37.80 0.030
Threonine 99.77+£30.24 119.08+37.38 0.026
Tryptophan 45.67+12.05 41.68+10.60 0.157
Tyrosine 70.82+21.10 69.11+£17.50 0.719
Valine 21583+67.12 222.37+5840 0.673

Data were expressed as M + SD (mean * standard deviation). Variables were
analyzed by Mann-Whitney U tests, significantly different between two groups
p <0.05

with the model parameters being R2Xcum=0.787,
R2Ycum =0.727, Q2cum =0.582. OPLS-DA model shows
great explanatory and predictive ability, as witnessed by
considerable differences of plasma amino acid profile in
possible sarcopenia, which were completely distinguish-
able from the score (Fig. 1B and C). In addition, permuta-
tion testing proves that the model is stable and reliable
without over-fitting (Fig. 1D).

Further, to identify the metabolites that were mostly
responsible for discriminating between two groups, the
values of VIP indices were examined. The variables with
VIP > 1 were listed in Table 4. The amino acid-targeted
metabolomic profiling identified five amino acids altered
in possible sarcopenia, of which four were markedly
down-regulated, including glutamine, threonine, serine,
lysine and threonine, whereas proline were noticeably
up-regulated.

Discussion

Impaired mobility and functional decline are two of the
most prominent physiological changes associated with
aging [36]. While there are many factors that contribute to
aged-related physical limits, one of the most noticeable fac-
tors is that skeletal muscle performance progressive declines
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Fig. 1 A PCA (principal component analysis) Scores plot between two groups. B Scores plot showing the separation of participants according
to the plasma concentrations of amino acids and derivatives in the space spanned by the two latent variables (R2X and R2Y), as determined
by orthogonal partial least-squares-discriminant analysis (OPLS-DA). 1 =non-sarcopenia, 2 = possible sarcopenia. C Loadings plot. D Permutation testing

Table 4 Plasma amino acids signatures

Metabolites vip-value Possible Non-sarcopenia p-value

sarcopenia
Glutamine 1.81 329.39+81.31 397.80+113.72  0.008
Proline 268 35879+24453  22822+11163 0010
Serine 1.1 67.90+30.67 86.63+37.80 0.030
Lysine 1.03 204.04+67.04 228.28+56.25 0.022
Threonine 1.01 99.77+30.24 119.08+37.38 0.026

Plasma concentrations of discriminant analytes, variable importance in
projection (vip) values between possible sarcopenia and non-sarcopenia. Plasma
concentrations were shown as M + SD (mean = standard deviation)

and deteriorates over time [37]. Skeletal muscle strength,
power, endurance, and contractile function gradually
reduce with aging [11, 38—41]. Similar to this, we have also
observed that skeletal muscle function gradually declines as
the likelihood of sarcopenia increases through the tests for
HGS, CS-5, 6MWT, arm curls, CST, 2MST, TUGT.
Age-related acceleration of these declines in skeletal
muscle physiological function onsets between the ages
of 30 and 40 years [42]. Protein metabolism through-
out aging is responsible for a number of physiological
and functional abnormalities in skeletal muscle, which

are aggravated by decreased dietary protein intake and
delayed protein synthesis responses to stimuli. Addi-
tionally, amino acids serve as both nutrients and regu-
lators for the production of various macromolecules,
including proteins, which are essential to maintain both
physical and mental functions. There have been reports
on the relationships between circulatory amino acid
concentrations and muscle mass and strength [25, 43,
44], which are consistent with studies demonstrating
that BCAAs are markers of muscle mass (or strength) in
healthy individuals [43, 44]. Our findings revealed that
the pattern of plasma amino acid concentrations had
changed, and that possible sarcopenia were associated
with the presence of distinctive metabolites. Plasma
levels of free amino acids are in a dynamic equilibrium
that is altered by the daily protein intake [45]. The vari-
ations in plasma amino acid profile would be attributed
to possible sarcopenia according to the food frequency
questionnaire. To put it another way, systemic amino
acid metabolism is different in elderly compared to
elder persons with reasonably normal skeletal muscle
strength and function. This is the first study that, to
our knowledge, has linked possible sarcopenia with the
plasma amino acid metabolomics profiles.
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Studies have shown that perturbations of amino acid
metabolism are widespread in elderly with skeletal mus-
cle hypofunction [46]. In line with these observations,
we discovered that possible sarcopenia was associated
with lower circulating levels of the EAA including serine,
lysine and threonine. In addition, there was a decreasing
trend of valine for possible sarcopenia, yet this difference
was not statistically significant. Both sexes were found
to have lower serum levels of a number of EAAs as they
aged [22]. Thus, amino acid metabolic disorders may also
be risk factors for the development of possible sarcope-
nia. When there is a lack of amino acids, skeletal muscle
proteins are degraded together with amino acids, which
incurs severe problems of skeletal muscle health degrada-
tion. According to reports, EAA is primarily responsible
for the anabolic effect of amino acids on muscle proteins
[47]. By activating the mammalian target of rapamycin
complex, EAAs, particularly BCAAs, influence protein
synthesis and nutritional status [48, 49]. Meanwhile, we
found significantly decreased glutamine levels and mark-
edly increased glutamic acid levels in possible sarcope-
nia. Glutamine has been shown to regulate mTORC1 by
affecting autophagy, transamination and other specific
functions, which is considered an essential tissue size and
mass regulator, either in healthy or ill patients [50, 51].
The mTORCI pathway is highlighted as a key therapeutic
target to prevent sarcopenia by the age-related alterations
in skeletal muscle [52-55]. In fact, in skeletal muscle,
mTORCI1 activation regulates protein synthesis and regu-
lates skeletal muscle mass [56]. Moreover, the activity of
amino acids, particularly leucine, as anabolic inducers in
muscle cells is hampered by mTOR when glutamine is
not available [51]. Another reason for the formation and
progression of sarcopenia is protein anabolic resistance
brought on by insulin resistance [57, 58]. Cheng et al.
reported that plasma glutamine, glutamic acid, and the
glutamine (glutamic) acid ratio were highly correlated
with insulin resistance traits in two different cohorts,
the Framingham Heart Study and the Malmé Diet and
Cancer Study [59]. These findings suggest the possibil-
ity that skeletal muscle mass and function are affected
by the decreased glutamine concentrations in the elderly.
In order to delay the deterioration of possible sarcopenia
with aging, glutamine depletion may have a role in both
prevention and treatment. Besides, our multivariable
analysis revealed that a higher plasma concentration of
proline was the variable associated with possible sarco-
penia. The results corroborate those that were found in
earlier research on sarcopenia in the elderly [21]. Ilaiwy
et al. also observed that muscle cell atrophy was related
to the elevated proline concentrations in culture media
in vitro, again agreeing with our findings [60]. Likewise,
a high concentration of proline has also been confirmed
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to induce oxidative damage to protein, lipids, and DNA
in rats [61].

In summary, a low-quality protein diet or malabsorp-
tion may have reduced the amount of EAAs, which lim-
its protein synthesis and may have therapeutic effects on
the quality of skeletal muscle in the elderly with possible
sarcopenia. A study on severely fragile elderly patients
found that low plasma levels of EAAs characterized the
amino acid profile, and were caused by poor nutritional
status [22]. Furthermore, leucine-rich EAA supplemen-
tation combined with physical exercise can increase the
amount and strength of skeletal muscle in sarcopenic
groups [28]. In light of this, our findings are valuable
for interventions therapies of possible sarcopenia, par-
ticularly EAA supplementations to prevent the develop-
ment of skeletal muscle recession. The profile appears
to indicate metabolic abnormalities that are subsequent
to potential sarcopenia, which is an another more-likely
explanation. The anaplerotic pathway of the tricarboxylic
acid cycle receives amino acids as a source of energy for
metabolism. When the elderly with possible sarcopenia
are malnourished, amino acids, especially proline, are
produced by proteolysis in skeletal muscle and used for
energy metabolism. In contrast, they are not metabolized
via this pathway in healthy elder individuals with suffi-
cient carbohydrate intake.

At the same time, when considering physical dys-
function as the ultimate outcome of muscle failure [62],
numerous cellular and molecular changes may occur.
Several factors have been pinpointed [19, 63, 64] to
explore the pathways involved in possible sarcopenia
pathophysiology, yet the underlying mechanisms remain
unclear. Physical performances shows great heterogene-
ity for individuals from various socioeconomic back-
grounds [65—67], implying that age- or country-specific
cut-off values might be incorporated to identify physical
dysfunction [68]. It is assumed that biological pathways
leading to pathologic conditions causes altered concen-
trations of specific amino acids, which aids to elucidate
mechanistic paths for the skeletal muscle degradation.
Muscle strength decline, rather than muscle mass alone,
is a fairly convincing predictor of functional limitation
and poor health in the elderly [15]. Motivated through
the results in this study, we aim to reveal the risks of early
identifications for developing sarcopenia, developing pre-
ventive strategies and novel treatments.

Skeletal muscle changes are prevalent in the elder
people as an age-related process, influenced not only
by contemporaneous risk factors, but also by heredi-
tary and lifestyle factors. It has been shown that
exercise habits are significant predictors of the appen-
dicular muscle mass and skeletal muscle mass index
[69-71]. Our results also indicate that engaging in daily
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physical activity and sports may play an important
role in maintaining appropriate levels of strength. Fur-
ther researches are required to clarify the relationship
between skeletal muscle quality, lifestyle factors and
circulating amino acids in the context of possible sar-
copenia. Also, studies on intervention approaches are
needed to optimize lifestyle habits for skeletal muscle
recession.

There were some limitations to this study. First, bias on
participants’ selection cannot be ruled out. Given that the
participants were volunteered from two regional health-
care center and not chosen at random, some findings in
this study are inevitably biased. Second, since this was a
cross-sectional study, we were unable to relate our find-
ings to the likelihood of possible sarcopenia in the elderly.
Finally, dietary variations among participants (since no
nutrition restrictive requirements for this study), particu-
larly differences in protein intake, may partially affect the
variability to concentrations of amino acids.

Acknowledgements

We thank Dr. NIE chao from BGI Research (Shenzhen, China), to collaborate on
quantitative analysis of plasma amino acids in blood samples via ultra-perfor-
mance liquid chromatography-tandem mass spectrometry.

Authors’ contributions

Y. D.and K. T. designed the study and performed the statistical analysis. Y. D
and K. T. wrote the manuscript. Z. F. contributed to the bibliographic research
and revised the manuscript. Y. L. supervised the study and revised the manu-
script. Y. D. and K. T. contributed equally to this work.

Funding
This work was supported by the National Key Research and Development
Program of China (2020YFC2002900).

Availability of data and materials

The dataset supporting the conclusions of this article is included within the
article. All data generated and analyzed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate

This research was approved by the Sports Science Experiment Ethics Commit-
tee of Beijing Sport University, registration number 2020082H. The codes of
the China of Health were complied, according to Ethical review measures for
biomedical research involving human beings of Health, Science and Educa-
tion 200717 (license number). We confirm that all methods were performed
in accordance with the relevant guidelines and regulations. All participants
of human experimentation gave informed consent before participating

in the study. All procedures and risks of the investigation were thoroughly
explained to participants and written informed consent was obtained prior to
participation.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Sports Medicine and Rehabilitation, Beijing Sport University, Beijing,
China. ?College of Rehabilitation, Weifang Medicine University, Weifang, China.
3School of Sports Engineering, Beijing Sport University, Beijing, China.

Page 8 of 10

Received: 10 October 2022 Accepted: 27 June 2023
Published online: 12 July 2023

References

1. Naseeb MA, Volpe SL. Protein and exercise in the prevention of sarcope-
nia and aging. Nutr Res. 2017;40:1-20. https://doi.org/10.1016/j.nutres.
2017.01.001.

2. Beaudart C, Rizzoli R, Bruyere O, et al. Sarcopenia: burden and challenges
for public health. Arch Public Health. 2014;72(1):45. https://doi.org/10.
1186/2049-3258-72-45.

3. Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: an undiagnosed condi-
tion in elderly. Current consensus definition: prevalence, etiology, and
consequences. International working group on sarcopenia. J Am Med Dir
Assoc. 2011;12(4):249-56. doi: https://doi.org/10.1016/jjamda.2011.01.
003

4. Hunter GR, Singh H, Carter SJ, et al. Sarcopenia and Its Implications for
Metabolic Health. J Obes. 2019;6(2019):8031705. https://doi.org/10.1155/
2019/8031705.

5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European consen-
sus on definition and diagnosis: Report of the European Working Group
on Sarcopenia in Older People. Age Ageing. 2010;39(4):412-23. https.//
doi.org/10.1093/ageing/afq034.

6. Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal muscle
strength, mass, and quality in elderly: the health, aging and body compo-
sition study. J Gerontol A Biol Sci Med Sci. 2006;61(10):1059-64. https://
doi.org/10.1093/gerona/61.10.1059.

7. Moore AZ, Caturegli G, Metter EJ, et al. Difference in muscle quality over
the adult life span and biological correlates in the Baltimore Longitudinal
Study of Aging. J Am Geriatr Soc. 2014;62(2):230-6. https://doi.org/10.
1111/jgs.12653.

8. Akima H, KanoY, Enomoto Y, et al. Muscle function in 164 men and
women aged 20-84 yr. Med Sci Sports Exerc. 2001;33(2):220-6. https://
doi.org/10.1097/00005768-200102000-00008.

9. Delmonico MJ, Harris TB, Visser M, et al. Longitudinal study of mus-
cle strength, quality, and adipose tissue infiltration. Am J Clin Nutr.
2009;90(6):1579-85. https://doi.org/10.3945/ajcn.2009.28047.

10. Frontera WR, Hughes VA, Fielding RA, et al. Aging of skeletal muscle: a
12-yr longitudinal study. J Appl Physiol (1985). 2000;88(4):1321-6. https://
doi.org/10.1152/jappl.2000.88.4.1321.

11. Manini TM, Clark BC. Dynapenia and aging: an update. J Gerontol A Biol
Sci Med Sci. 2012;67(1):28-40. https://doi.org/10.1093/gerona/glr010.

12. Lauretani F, Russo CR, Bandinelli S, et al. Age-associated changes in
skeletal muscles and their effect on mobility: an operational diagnosis of
sarcopenia. J Appl Physiol. (1985). 2003;95(5):1851-60. https://doi.org/10.
1152/japplphysiol.00246.2003.

13. Manini TM, Visser M, Won-Park S, et al. Knee extension strength cutpoints
for maintaining mobility. J Am Geriatr Soc. 2007;55(3):451-7. https://doi.
0rg/10.1111/j.1532-5415.2007.01087 x.

14. Buchner DM, Larson EB, Wagner EH, et al. Evidence for a non-linear
relationship between leg strength and gait speed. Age Ageing.
1996;25(5):386-91. https://doi.org/10.1093/ageing/25.5.386.

15. Newman AB, KupelianV, Visser M, et al. Strength, but not muscle mass,
is associated with mortality in the health, aging and body composition
study cohort. J Gerontol A Biol Sci Med Sci. 2006;61(1):72-7. https://doi.
0rg/10.3290/jjad.a41974.

16. Chen LK, Woo J, Assantachai P, et al. Asian working group for Sarcopenia:
2019 consensus update on sarcopenia diagnosis and treatment. J Am
Med Dir Assoc. 2020;21(3):300-307.e2. https://doi.org/10.1016/jjamda.
2019.12.012.

17. Miyagi Y, Higashiyama M, Gochi A, et al. Plasma free amino acid profiling
of five types of cancer patients and its application for early detection.
PLoS One. 2011;6(9):e24143. https://doi.org/10.1371/journal.pone.00241
43,

18. Cesari M, Landi F, Vellas B, et al. Sarcopenia and physical frailty: two sides
of the same coin. Front Aging Neurosci. 2014;6:192. https://doi.org/10.
3389/fnagi.2014.00192.

19. Calvani R, Picca A, Marini F, et al. A distinct pattern of circulating amino
acids characterizes older persons with physical frailty and sarcopenia:


https://doi.org/10.1016/j.nutres.2017.01.001
https://doi.org/10.1016/j.nutres.2017.01.001
https://doi.org/10.1186/2049-3258-72-45
https://doi.org/10.1186/2049-3258-72-45
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1155/2019/8031705
https://doi.org/10.1155/2019/8031705
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1111/jgs.12653
https://doi.org/10.1111/jgs.12653
https://doi.org/10.1097/00005768-200102000-00008
https://doi.org/10.1097/00005768-200102000-00008
https://doi.org/10.3945/ajcn.2009.28047
https://doi.org/10.1152/jappl.2000.88.4.1321
https://doi.org/10.1152/jappl.2000.88.4.1321
https://doi.org/10.1093/gerona/glr010
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1111/j.1532-5415.2007.01087.x
https://doi.org/10.1111/j.1532-5415.2007.01087.x
https://doi.org/10.1093/ageing/25.5.386
https://doi.org/10.3290/j.jad.a41974
https://doi.org/10.3290/j.jad.a41974
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1371/journal.pone.0024143
https://doi.org/10.1371/journal.pone.0024143
https://doi.org/10.3389/fnagi.2014.00192
https://doi.org/10.3389/fnagi.2014.00192

Duan et al. BMC Geriatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

(2023) 23:427

results from the BIOSPHERE study. Nutrients. 2018;10(11):1691. https://
doi.org/10.3390/nu10111691.

Ottestad |, Ulven SM, @yri LKL, et al. Reduced plasma concentration of
branched-chain amino acids in sarcopenic older subjects: a cross-sec-
tional study. Br J Nutr. 2018;120(4):445-53. https://doi.org/10.1017/50007
114518001307.

Toyoshima K, Nakamura M, Adachi Y, et al. Increased plasma proline
concentrations are associated with sarcopenia in the elderly. PLoS One.
2017;12(9):0185206. https://doi.org/10.1371/journal.pone.0185206.
AdachiY, Ono N, Imaizumi A, et al. Plasma amino acid profile in severely
frail elderly patients in Japan. Int J Gerontol. 2018;12(4):290-3. https://doi.
0rg/10.1016/}ijge.2018.03.003.

Lustgarten MS, Price LL, Chale A, et al. Branched chain amino acids are
associated with muscle mass in functionally limited elderly. J Gerontol A
Biol Sci Med Sci. 2014,69(6):717-24. https://doi.org/10.2174/1389203718
666170529105026.

Moaddel R, Fabbri E, Khadeer MA, et al. Plasma biomarkers of poor
muscle quality in older men and women from the Baltimore longitudi-
nal study of aging. J Gerontol A Biol Sci Med Sci. 2016;71(10):1266-72.
https://doi.org/10.1093/gerona/glw046.

Jourdan C, Petersen AK, Gieger C, et al. Body fat free mass is associated
with the serum metabolite profile in a population-based study. PLoS One.
2012;7(6):240009. https://doi.org/10.1371/journal pone.0040009.

Polge A, Bancel E, Bellet H, et al. Plasma amino acid concentrations

in elderly patients with protein energy malnutrition. Age Ageing.
1997,26(6):457-62. https://doi.org/10.1093/ageing/26.6.457.

Trushina E, Dutta T, Persson XM, et al. Identification of altered metabolic
pathways in plasma and CSF in mild cognitive impairment and Alzhei-
mer’s disease using metabolomics. PLoS One. 2013;8(5):e63644. https://
doi.org/10.1371/journal.pone.0063644.

Kim HK, Suzuki T, Saito K, et al. Effects of exercise and amino acid supple-
mentation on body composition and physical function in community-
dwelling elderly Japanese sarcopenic women: a randomized controlled
trial. J Am Geriatr Soc. 2012,60(1):16-23. https://doi.org/10.1111/j.1532-
5415.2011.03776x.

Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of
sarcopenia among the elderly in New Mexico. Am J Epidemiol.
1998;147(8):755-63. https://doi.org/10.1093/oxfordjournals.aje.a009520.
Zhang XM, Jiao J, Cao J, et al. Handgrip strength and depression among
older Chinese inpatients: a cross-sectional study. Neuropsychiatr Dis
Treat. 2021;17:1267-77. https://doi.org/10.2147/NDT.5301064.

Gao SY, Xia Y, Wu QJ, et al. Reference Values for Five-Repetition Chair
Stand Test Among Middle-Aged and Elderly Community-Dwelling Chi-
nese Adults. Front Med (Lausanne). 2021;8.

Bennell K, Dobson F, Hinman R. Measures of physical performance assess-
ments: Self-Paced Walk Test (SPWT), Stair Climb Test (SCT), Six-Minute
Walk Test (6MWT), Chair Stand Test (CST), Timed Up & Go (TUG), Sock
Test, Lift and Carry Test (LCT), and Car Task. Arthritis Care Res (Hoboken).
2011;63(Suppl 11):5350-70. https://doi.org/10.1002/acr.20538.

Milanovi¢ Z, Panteli¢ S, Trajkovic N, et al. Age-related decrease in physical
activity and functional fitness among elderly men and women. Clin
Interv Aging. 2013;8:549-56. https://doi.org/10.2147/CIA.S44112.

Sayda MH, Phillips BE, Williams JP, et al. Associations between plasma
branched chain amino acids and health biomarkers in response to resist-
ance exercise training across age. Nutrients. 2020;12(10):3029. https://doi.
0rg/10.3390/nu12103029.

Chen C, Hou G, Zeng C, et al. Metabolomic profiling reveals amino acid
and carnitine alterations as metabolic signatures in psoriasis. Theranos-
tics. 2021;11(2):754-67. https://doi.org/10.7150/thno.51154.

Gray-Miceli D. Impaired mobility and functional decline in elderly:
evidence to facilitate a practice change. Nurs Clin North Am.
2017,52(3):469-87. https://doi.org/10.1016/j.cnur.2017.05.002.

Calvani R, Marini F, Cesari M, et al. Biomarkers for physical frailty and sar-
copenia. Aging Clin Exp Res. 2017;29(1):29-34. https://doi.org/10.1007/
$40520-016-0708-1.

Deschenes MR. Effects of aging on muscle fibre type and size. Sports
Med. 2004;34(12):809-24. https://doi.org/10.2165/00007256-20043
4120-00002.

Visser M, Goodpaster BH, Kritchevsky SB, et al. Muscle mass, muscle
strength, and muscle fat infiltration as predictors of incident mobility

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Page 9 of 10

limitations in well-functioning older persons. J Gerontol A Biol Sci Med
Sci. 2005;60(3):324-33. https://doi.org/10.1093/gerona/60.3.324.

Reid KF, Fielding RA. Skeletal muscle power: a critical determinant of
physical functioning in elderly. Exerc Sport Sci Rev. 2012;40(1):4-12.
https://doi.org/10.1097/JES.0b013e31823b5f13.

Hairi NN, Cumming RG, Naganathan 'V, et al. Loss of muscle strength,
mass (sarcopenia), and quality (specific force) and its relationship with
functional limitation and physical disability: the Concord Health and
Ageing in Men Project. J Am Geriatr Soc. 2010;58(11):2055-62. https://doi.
org/10.1111/j.1532-5415.2010.03145.x.

Janssen |, Heymsfield SB, Ross R. Low relative skeletal muscle mass (sar-
copenia) in older persons is associated with functional impairment and
physical disability. J Am Geriatr Soc. 2002;50(5):889-96. https://doi.org/10.
1046/j.1532-5415.2002.50216.x.

Ter Borg S, Luiking YC, van Helvoort A, et al. Low levels of branched chain
amino acids, eicosapentaenoic acid and micronutrients are associated
with low muscle mass, strength and function in community-dwelling
elderly. J Nutr Health Aging. 2019;23(1):27-34. https://doi.org/10.1007/
$12603-018-1108-3.

McDonald CK, Ankarfeldt MZ, Capra S, et al. Lean body mass change
over 6 years is associated with dietary leucine intake in an older Danish
population. Br J Nutr. 2016;115(9):1556-62. https://doi.org/10.1017/50007
114516000611,

Takada A, Shimizu F, Ishii Y, et al. Plasma Levels of amino acids in Japanese
men and their changes after the administration of glucose and sucrose.
Food Nutr Sci. 2019;10:51-63. https://doi.org/10.4236/fns.2019.101005.
Breen L, Phillips SM. Skeletal muscle protein metabolism in the elderly:
Interventions to counteract the “anabolic resistance” of ageing. Nutr
Metab (Lond). 2011;5(8):68. https://doi.org/10.1186/1743-7075-8-68.
Volpi E, Kobayashi H, Sheffield-Moore M, et al. Essential amino acids are
primarily responsible for the amino acid stimulation of muscle protein
anabolism in healthy elderly adults. Am J Clin Nutr. 2003;78(2):250-8.
https://doi.org/10.1093/ajcn/78.2.250.

Chung J, Bauer DE, Ghamari A, et al. The mTORC1/4E-BP pathway
coordinates hemoglobin production with L-leucine availability. Sci Signal.
2015;8(372):ra34. https://doi.org/10.1126/scisignal.aaa5903.

Kim DH, Sarbassov DD, Ali SM, King JE, et al. mTOR interacts with raptor to
form a nutrient-sensitive complex that signals to the cell growth machin-
ery. Cell. 2002;110(2):163-75. https://doi.org/10.1016/50092-8674(02)
00808-5.

Jewell JL, Kim YC, Russell RC, et al. Metabolism. Differential regulation

of mTORC1 by leucine and glutamine. Science. 2015;347(6218):194e8.
https://doi.org/10.1126/science.1259472.

Tan HWS, Sim AYL, Long YC. Glutamine metabolism regulates
autophagydependent mTORC1 reactivation during amino acid
starvation. Nat Commun. 2017;8(1):338. https://doi.org/10.1038/
s41467-017-00369-y.

Fry CS, Drummond MJ, Glynn EL, et al. Aging impairs contraction-induced
human skeletal muscle mTORC1 signaling and protein synthesis. Skelet
Muscle. 2011;1(1):11. https://doi.org/10.1186/2044-5040-1-11.

Sakuma K, Aoi W, Yamaguchi A. The intriguing regulators of muscle

mass in sarcopenia and muscular dystrophy. Front Aging Neurosci.
2014;29(6):230. https://doi.org/10.3389/fnagi.2014.00230.

Sandri M, Barberi L, Bijlsma AY, et al. Signalling pathways regulating mus-
cle mass in ageing skeletal muscle: the role of the IGF1-Akt-mTOR-FoxO
pathway. Biogerontology. 2013;14(3):303-23. https://doi.org/10.1007/
$10522-013-9432-9.

Schiaffino S, Dyar KA, Ciciliot S, et al. Mechanisms regulating skeletal
muscle growth and atrophy. FEBS J. 2013;280(17):4294-314. https://doi.
0rg/10.1111/febs.12253. (Epub 2013 Apr 17).

Yoon MS. mTOR as a Key Regulator in Maintaining Skeletal Muscle Mass.
Front Physiol. 2017;17(8):788. https://doi.org/10.3389/fphys.2017.00788.
Huijuan W, Anne L, Bruno M, et al. Apoptosis in capillary endothelial cells
in ageing skeletal muscle. Aging Cell. 2014;13(2):254-62. https://doi.org/
10.1111/acel.12169.

Drummond Micah J, Miyazaki Mitsunori, Dreyer Hans C, et al. Expression
of growth-related genes in young and older human skeletal muscle
following an acute stimulation of protein synthesis. J Appl Physiol.
2009;106(4):1403-1411. 10.1152/japplphysiol.90842.2008https://doi.org/
10.1152/japplphysiol.90842.2008


https://doi.org/10.3390/nu10111691
https://doi.org/10.3390/nu10111691
https://doi.org/10.1017/S0007114518001307
https://doi.org/10.1017/S0007114518001307
https://doi.org/10.1371/journal.pone.0185206
https://doi.org/10.1016/j.ijge.2018.03.003
https://doi.org/10.1016/j.ijge.2018.03.003
https://doi.org/10.2174/1389203718666170529105026
https://doi.org/10.2174/1389203718666170529105026
https://doi.org/10.1093/gerona/glw046
https://doi.org/10.1371/journal.pone.0040009
https://doi.org/10.1093/ageing/26.6.457
https://doi.org/10.1371/journal.pone.0063644
https://doi.org/10.1371/journal.pone.0063644
https://doi.org/10.1111/j.1532-5415.2011.03776.x
https://doi.org/10.1111/j.1532-5415.2011.03776.x
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.2147/NDT.S301064
https://doi.org/10.1002/acr.20538
https://doi.org/10.2147/CIA.S44112
https://doi.org/10.3390/nu12103029
https://doi.org/10.3390/nu12103029
https://doi.org/10.7150/thno.51154
https://doi.org/10.1016/j.cnur.2017.05.002
https://doi.org/10.1007/s40520-016-0708-1
https://doi.org/10.1007/s40520-016-0708-1
https://doi.org/10.2165/00007256-200434120-00002
https://doi.org/10.2165/00007256-200434120-00002
https://doi.org/10.1093/gerona/60.3.324
https://doi.org/10.1097/JES.0b013e31823b5f13
https://doi.org/10.1111/j.1532-5415.2010.03145.x
https://doi.org/10.1111/j.1532-5415.2010.03145.x
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1007/s12603-018-1108-3
https://doi.org/10.1007/s12603-018-1108-3
https://doi.org/10.1017/S0007114516000611
https://doi.org/10.1017/S0007114516000611
https://doi.org/10.4236/fns.2019.101005
https://doi.org/10.1186/1743-7075-8-68
https://doi.org/10.1093/ajcn/78.2.250
https://doi.org/10.1126/scisignal.aaa5903
https://doi.org/10.1016/s0092-8674(02)00808-5
https://doi.org/10.1016/s0092-8674(02)00808-5
https://doi.org/10.1126/science.1259472
https://doi.org/10.1038/s41467-017-00369-y
https://doi.org/10.1038/s41467-017-00369-y
https://doi.org/10.1186/2044-5040-1-11
https://doi.org/10.3389/fnagi.2014.00230
https://doi.org/10.1007/s10522-013-9432-9
https://doi.org/10.1007/s10522-013-9432-9
https://doi.org/10.1111/febs.12253
https://doi.org/10.1111/febs.12253
https://doi.org/10.3389/fphys.2017.00788
https://doi.org/10.1111/acel.12169
https://doi.org/10.1111/acel.12169
https://doi.org/10.1152/japplphysiol.90842.2008
https://doi.org/10.1152/japplphysiol.90842.2008

Duan et al. BMC Geriatrics

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

(2023) 23:427

Cheng S, Rhee EP, Larson MG, et al. Metabolite profiling identifies
pathways associated with metabolic risk in humans. Circulation.
2012;125(18):2222-31. https://doi.org/10.1161/CIRCULATIONAHA.111.
067827.

llaiwy A, Quintana MT, Bain JR, et al. Cessation of biomechanical stretch
model of C2C12 cells models myocyte atrophy and anaplerotic changes
in metabolism using non-targeted metabolomics analysis. Int J Biochem
Cell Biol. 2016;79:80-92. https://doi.org/10.1016/j.biocel.2016.08.012.
Ferreira AG, Scherer EB, da Cunha AA, et al. Hyperprolinemia induces
DNA, protein and lipid damage in blood of rats: antioxidant protection.
Int J Biochem Cell Biol. 2014;54:20-5. https://doi.org/10.1016/j.biocel.
2014.05.027.

Suetta C, Maier AB. Is muscle failure a better term than sarcopenia? J
Cachexia Sarcopenia Muscle. 2019;10(5):1146~7. https://doi.org/10.1002/
jcsm.12447. (Epub 2019 May 21).

Marzetti E, Picca A, Marini F, et al. Inflammatory signatures in older
persons with physical frailty and sarcopenia: The frailty “cytokinome” at
its core. Exp Gerontol. 2019;122:129-38. https://doi.org/10.1016/j.exger.
2019.04.019.

Marzetti E, Calvani R, Lorenzi M, et al. Association between myocyte
quality control signaling and sarcopenia in old hip-fractured patients:
Results from the Sarcopenia in Hlp FracTure (SHIFT) exploratory study.
Exp Gerontol. 2016;80:1-5. https://doi.org/10.1016/j.exger.2016.04.003.
Coelho-Junior HJ, Uchida MC, Gongalves 10, Calvani R, Rodrigues B, Picca
A, Onder G, Landi F, Bernabei R, Marzetti E. Age- and Gender-Related
Changes in Physical Function in Community-Dwelling Brazilian Adults
Aged 50 to 102 Years. J Geriatr Phys Ther. 2021;44(2):E123-31. https://doi.
org/10.1519/JPT.0000000000000246.

Marzetti E, Hwang AC, Tosato M, et al. Age-related changes of skeletal
muscle mass and strength among ltalian and Taiwanese older people:
results from the Milan EXPO 2015 survey and the I-Lan Longitudinal
Aging Study. Exp Gerontol. 2018;102:76-80. https://doi.org/10.1016/j.
exger.

Landi F, Calvani R, Tosato M, Martone AM, Fusco D, Sisto A, Ortolani E,
Savera G, Salini S, Marzetti E. Age-related variations of muscle mass,
strength, and physical performance in community-dwellers: results from
the Milan EXPO survey. J Am Med Dir Assoc. 2017;18(1):88.e17-88.e24.
https://doi.org/10.1016/jjamda.2016.10.007.

Coelho-Junior HJ, Marzetti E, Picca A, et al. Prevalence of prefrailty and
frailty in south america: a systematic review of observational studies. J
Frailty Aging. 2020;9(4):197-213. https://doi.org/10.14283/jfa.2020.22.
Ayabe M, Kumahara H, Yamaguchi-Watanabe A, et al. Appendicular
muscle mass and exercise/sports participation history in young Japanese
women. Ann Hum Biol. 2019;46(4):335-9. https://doi.org/10.1080/03014
460.2019.1641221.

Tu R, Lu Y, Tao K. Regular Physical Activities Inhibit Risk Factors of the
Common Cold Among Chinese Adults. Front Psychol. 2022;13.

Tao K, Duan'Y, Wang H, et al. De novo Explorations of Sarcopenia via a
Dynamic Model. Front Physiol. 2021;12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1161/CIRCULATIONAHA.111.067827
https://doi.org/10.1161/CIRCULATIONAHA.111.067827
https://doi.org/10.1016/j.biocel.2016.08.012
https://doi.org/10.1016/j.biocel.2014.05.027
https://doi.org/10.1016/j.biocel.2014.05.027
https://doi.org/10.1002/jcsm.12447
https://doi.org/10.1002/jcsm.12447
https://doi.org/10.1016/j.exger.2019.04.019
https://doi.org/10.1016/j.exger.2019.04.019
https://doi.org/10.1016/j.exger.2016.04.003
https://doi.org/10.1519/JPT.0000000000000246
https://doi.org/10.1519/JPT.0000000000000246
https://doi.org/10.1016/j.exger
https://doi.org/10.1016/j.exger
https://doi.org/10.1016/j.jamda.2016.10.007
https://doi.org/10.14283/jfa.2020.22
https://doi.org/10.1080/03014460.2019.1641221
https://doi.org/10.1080/03014460.2019.1641221

	Possible-sarcopenic screening with disturbed plasma amino acid profile in the elderly
	Abstract 
	Background 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Experimental procedures
	Study design
	Inclusion criteria
	Exclusion criteria
	Ethical procedure
	Assessments and procedures for data collection
	Demographic information
	Body composition and physical function measurements
	Blood sample collection and plasma amino acids quantification


	Statistical methods
	Descriptive statistics
	The plasma amino acid analysis

	Results
	The characteristics of participants information and physical function
	Plasma amino acids concentration
	Classification of plasma amino acid based on OPLS-DA

	Discussion
	Acknowledgements
	References


