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Summary

Hospitalized patients in internal medicine have an increased risk
of low physical reserve which further declines during the hospital
stay. The diagnosis requires bed-side testing of functional
domains or more complex investigations of the muscle mass.
Clinically useful biomarkers of functional status are needed, thus
we aimed to explore the potential of microRNAs. Among
hospitalized patients, we recorded the basic demographics,
anthropometrics, nutritional status, and physical function
domains: hand-grip strength (HGS, abnormal values M<30 kg,
W<20 kg), balance (<30 s), chair-stands speed (CHSS<0.5/s)
and gait speed (GS<0.8 m/s). A panel of five micro-RNAs (miRNA
1, miRNA 133a, miRNA 133b, miRNA 29a, miRNA 29b) and basic
blood biochemistry and vitamin D values were recorded. We
enrolled 80 patients (M40, W40), with a mean age of 68.8+
8.4 years. Obesity was observed in 27.5 % and 30 %, low HGS
and low CHSS in 65.0, 77.5 %, and 80, 90 % of men and women
respectively. The median hospital stay was 6.5 days. MiRNA29a
and miRNA29b have the strongest correlation with the triceps
skinfold (miRNA 29b, r=0.377, p=0.0006) and CHSS (miRNA 29a,
r=0.262, p=0.02). MiRNA 29a, miRNA 29b and 133a levels were
with CHSS<0.5/s. Other

anthropometric parameters, mobility domains, or vitamin D did

significantly higher in patients
not correlate. All miRNAs except of miRNA 1, could predict low
CHSS (miRNA29b, AUROC=0.736 CI 0.56-0.91, p=0.01),
particularly in patients with low HGS (miRNA 29b, AUROC=0.928
CI 0.83-0.98). Among hospitalized patients in internal medicine,
low functional status was frequent. MicroRNAs were fair
biomarkers of the antigravity domain, but not other domains.

Larger studies with clinical endpoints are needed.
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Introduction

Frailty and sarcopenia are common age-related
conditions observed mainly in the elderly, but also among
younger patients with chronic diseases (Oliveira et al.
2020). Both are associated with a higher risk of adverse
consequences such as falls, fractures, mobility disorders,
re-hospitalizations, low quality of life, and death
(Skladany et al. 2018, Vrbova et al. 2019, Gingrich et al.
2019). The prevalence
hospitalized patients with an increasing trend in higher

is reaching 50 % among
age groups (Gingrich et al. 2019). Caring for these
patients represents a significant burden in terms of
consuming health care and social service resources
(Papadopoulou 2020, World Health Organization 2017).
The European Working Group on Sarcopenia in Elderly
(EWGSOP) has defined
and generalized muscle

People sarcopenia  as

a  progressive disease
characterized by a progressive and generalized loss of
muscle mass, muscle strength, or muscle function (Cruz-

Jentoft et al. 2019). In contrast, frailty is characterized by
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vulnerability to acute environmental stressors resulting

from reduced functional reserve associated with
physiological aging of organ systems (Chen et al. 2014).
In recent years, the definition of sarcopenia has shifted
more towards the assessment of muscle function and
functional status, bringing the definitions of frailty and
sarcopenia much closer together (Picca et al. 2020). The
prevalence of physical frailty is estimated at around 15 %
in people over 65 (O’Caoimh ef al. 2018), reaching over
25 % over the age of 85 (Collard et al 2012). Frail
patients have a 3.5-fold risk of mortality with a longer
hospital stay and a higher risk of functional decline at
discharge compared to non-frail (Cunha et al. 2019). As
research to date has shown, there is great potential for
reversing frailty, especially in its early stages. For this
reason, early identification of low functional status in
hospitalized patients should be an important priority in
the field of medicine (Dent ef al. 2019). The diagnosis is
currently based on clinical, functional, and imaging
parameters (Chen et al. 2014, Cruz-Jentoft et al. 2019).
Although a relatively large number of metabolic,
microbial, and inflammatory biomolecules have already
been studied, a clear biomarker that can easily and
reliably predict functional impairment is lacking (Picca
et al. 2020).

Micro RNAs (miRNAs) are short non-coding
RNAs that regulate gene expression and were shown to
modulate myogenesis, tissue regeneration, and cell
programming in skeletal muscles (Brown and Goljanek-
Whysall 2015, Dlouha and Hubacek 2017). Once released
from the cell, they are detectable in most body fluids
including serum and plasma. Muscle-specific miRNAs
expressed exclusively by the called
MyomiRNAs (myomiRs) (Goljanek-Whysall et al.
2016). It has been found that miRNAs are identified in

the circulation of healthy individuals, individuals with

muscle are

muscle disease, with different expressions during aging
(Nie et al. 2015). Circulating miRNAs emerge as
promising biomarkers for assessing skeletal muscle mass
and function (Brown and Goljanek-Whysall 2015,
Goljanek-Whysall et al. 2016, Gazova et al. 2019).
Therefore, we aimed to explore the selected muscle-
specific miRNAs: miRNA 1, miRNA 29a, miRNA 29b,
miRNA 133a, miRNA 133b as potential biomarkers to
the selected objective functional mobility domains in
hospitalized patients in internal medicine.

Methods

Our study group consisted of consecutive

patients hospitalized at the 5th department of Internal
Medicine from June 2019 until February 2020. Inclusion
criteria were hospitalization, age above 55 years, ability
to stand-up from a chair, and ability to cooperate in
measuring the hand-grip strength. We excluded patients
who were bed-bound on admission, patients with terminal
stage of disease, those with active malignant disease
and/or hospitalized at the intensive care unit. In all
patients, we assessed the following anthropometric
parameters: body mass index (BMI, kg/m?), mid-arm
(cm), skinfold (cm), and
subscapular skinfold. Skinfolds were measured using

circumference tricipital
a caliper method (personal body fat tester). We measured
the following functional domains: handgrip strength
(HGS), chairs stand speed (CHSS), gait speed (GS) and
balance test (BT). HGS was assessed using a hand-grip
dynamometer (Gima S.p.A. Via Marconi, 1, 20060
Gessate, Italy) by calculating an average value from
3 measurements. Normal handgrip strength values were
derived from previous reports (women<20 kg, men<30
kg). CHSS test was used to determine the time (T),
needed for five chairs stands without the help of hands.
The speed was calculated with the formula (CHSS=5/T)
and abnormal values were defined as less than 0.5/s.
BT was used to determine the time (T), needed for
maintain balance having feet together, at the semi
tandem, and tandem position, for a maximum of
10 seconds by adding-up the three times. Abnormal BT
was defined as less than 30s. GS test was used to measure
the time (T), needed to walk five meters. The GS was
calculated with the formula (GS=5/T) and abnormal
values are defined as less than 0.8 m/s.

Fat-free mass and fat mass were assessed using
an electrical bioimpedance device ImpediMed IMP SF7
(ImpediMed 1Inc. 5900 Pasteur Court, Suite 125,
Carlsbad, CA, USA). The measurement was carried out
in a supine position, all the electrodes were placed
unilaterally on anon-dominant upper limb (yellow
electrode - next to the ulna head, a red electrode at the
center of the dorsal arm at a distance of 2-5 cm from the
yellow electrode) and lower limb (blue electrode - center
between the medial and lateral malleoli, black electrode -
the center of the foot dorsum at a distance of 2-5 cm from
the blue electrode). From the measured parameters, we
assessed the fat-free mass and the fat mass in kg, which
was converted into the fat-free mass index (FFMI) and fat
mass index (FMI) divided by the square of body height.

From the laboratory parameters, we have
sampled basic hematology (full blood count) and
biochemistry (serum creatinine, bilirubin, urea, C reactive
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protein and vitamin D). Venous blood samples were  activator. At 4 °C, blood samples were centrifuged at
drawn in the morning at a fasting state into silicone- 3,500 rpm. Within 10 minutes the plasma was immedia-
coated serum tubes with enhanced silica-containing clot  tely aliquoted and frozen at -80 °C until further analyses.

Table 1. Summary statistics and characteristics of the study group

Men, n=40 Women, n=40 P value
Median [25-75], n (%) Median [25-75], n (%)

Age, years 68.50 [60.00, 73.00] 70.00 [65.00, 76.25] 0.111
Body mass index, kg/m’ 27.38 [25.41,31.11] 27.49 [25.38, 31.96] 0.855
Waist circumference, cm 107.50 [100.75, 115.75] 104.50 [94.00, 118.00] 0.386
BMI categories, n (%)

normal 7 (17.5) 7 (17.5) 1.000

overweight 21 (52.5) 20 (50.0)

obese 11 (27.5) 12 (30.0)

underweight 1(2.5) 1(2.5)
Mid-arm circumference, cm 29.50[27.00, 31.00] 30.00 [27.50, 33.00] 0.524
Skinfold scapula, cm 2.00[1.48,2.20] 2.20[1.98, 2.62] 0.005
Skinfold triceps, cm 1.20[0.97, 1.80] 2.35[1.87,2.82] <0.001
Balance, s 30.00 [22.00, 30.00] 28.00 [20.00, 30.00] 0.527
Balance < 30 s 19 (47.5) 21 (52.5) 0.823
Gait speed, m/s 0.71 [0.44, 1.00] 0.68 [0.50, 0.97] 0.813
Gait speed, <0.8 m/s 22 (55.0) 24 (60.0) 0.821
Handgrip strength, kg 25.50[18.96, 32.38] 16.08 [14.08, 19.29] <0.001
Handgrip strength (F<20, M<30), n 26 (65.0) 31(77.5) 0.323
(%)
Chair-stands (/s) 0.34[0.25, 0.45] 0.36 [0.31, 0.42] 0.736
Chair-stands <0.5/s, n ( %) 32 (80.0) 36 (90.0) 0.348
Fat-free mass index 20.74 [19.30, 22.50] 18.21 [16.54, 20.89] 0.007
Fat-mass index 7.13 [4.44, 9.60] 8.60[6.88, 11.32] 0.040
Hemoglobin, g/l 122.50 [105.75, 134.25] 122.00 [109.25, 128.25] 0.851
Serum bilirubin, umol/l 15.11[9.45,26.59] 9.90[5.90, 12.99] 0.012
Serum creatinine 88.7 [78.3, 122.9] 76.4 (66, 92.2] 0.009
Serum urea, mmol/l 5.95[4.81, 8.59] 4.88[3.12, 8.71] 0.040
C-reactive protein 18.04 [2.0, 55.4] 5.412,23.01] 0.26
Vitamin D 16.5[11.3, 22] 15.3[12.1, 21.97] 0.851
Micro RNAs (Ct)

miRNA1 33.50[31.75, 35.82] 34.20 [31.53, 36.13] 0.533

miRNA133a 31.62 [30.54, 34.31] 32.90 [31.30, 35.98] 0.122

miRNA133b 32.20[30.93, 35.25] 33.25[31.40, 36.60] 0.148

mirRNA29a 26.98 [25.87, 28.84] 29.29 [26.34, 32.10] 0.029

mirRNA29b 29.17 [28.45, 31.67] 32.79 [28.90, 35.21] 0.019
Days in the hospital 715, 10] 6 [4, 8] 0.238

MiRNA analysis Advanced Kit. Control ce-miRNA-39 (miRNeasy

RNA Isolation: The plasma was dissolved at  serum/plasma Spike-In control) was added to the process.
room temperature. For stability, repeated freezing and  The process resulted in total RNA eluate from 200 pl of
thawing cycles of serum samples were minimized.  the patient's plasma. Reverse RNA Transcription:
Isolation was performed on the miRNeasy Serum/Plasma ~ Commercially available miRCURY LNA RT Kit
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(Qiagen) was used for reverse transcription according to
the manufacturer's instructions. The resulting cDNA was
further analyzed by qPCR. QPCR method: The target
sequence was analyzed by qPCR miRCURY LNA
SYBR® Green PCR Kits (Qiagen, GmbH, Germany).
The PCR reaction was performed in a StepOnePlus Real-
Time PCR System (Life Technologies, USA). The lists
the PCR primers used in this study:

microRNA LNA PCR microRNA LNA PCR
primer ID primer ID
cel-miR-39-3p  YP00203952  hsa-miR-133a-3p YP00204788
hsa-miR-1-3p ~ YP00204344  hsa-miR-133b YP00206058
hsa-miR-29a-3p YP00204698  hss-miR-29b-3p  YP00204679

The study has been following the proceedings of
the Declaration of Helsinki and further amendments. The
study protocol and the informed consent form have been
approved by the ethics committee of the University
Hospital in Bratislava. Study participants signed
informed consent before any procedure and agreed with
anonymized storage and publication of data.

Numerical data had predominantly a non-normal
distribution thus the results are provided as medians and
25 to 75 percentiles. Proportions are given as numbers
and percentages. Associations between numerical
parameters were explored with Spearman rank correlation
providing the coefficient (rho), p-value and the scatter
plot with regression line. For comparison of numerical
parameters or proportions between groups, we used
Mann-Whitney or chi-square test respectively. For
exploring the diagnostic value of miRNA levels in the
prediction of abnormal functional domains we used the
area under the receiver operating curve according to
DeLong et al. giving the AUROC value, 95 % confidence
interval, p-value, cut-off of miRNA, sensitivity, and
specificity of the test. Missing values were treated as
missing and were not accounted. The Statistical analysis
was carried out using the MedCalc software (MedCalc

bvb, Ostende, Belgium).

Results

We enrolled 80 patients (40 women, 40 men)
with the median age of 70.0 and 68.5 years respectively.
The great majority of patients were overweight (>50 %)
(>27.5  %).
characteristics of the study group are displayed in

or obese Summary statistics and

Table 1. Patients mostly suffered from cardiovascular

disease (36.2 %), liver and gastrointestinal disease
(25 %), sepsis (13.8 %), metabolic disease (11.2 %),
blood dyscrasias (8.8 %), and chronic renal disease (5 %).
From the anthropometric measurement, women had
significantly thicker scapular and tricipital skinfold
compared to men. From the physical function domain
parameters in men and women respectively, low HGS
was observed in 65 and 77.5 %, low CHSS in 80 and
90 %, low gait speed in 55 and 60 % and low balance
time in 47.5 and 52.2 % of patients. Women had lower
HGS, lower fat-free mass index and higher fat-mass
index compared to men. From the laboratory parameters,
women had lower serum urea, creatinine and bilirubin.
From the miRNAs, women had lower miRNA 29a and
29b, and the difference in other miRNAs between the
genders was not statistically significant.

By exploring the association between miRNA
levels and four numerical functional parameters, we
found a low but significant correlation between miRNA
29a and 29b and chair stand speed (r=0.262, r=0.257).
We also found a significant correlation between tricipital
skinfold and both miRNAs 133a, miRNA 133b, miRNA
29a and miRNA 29b (r=0.264, 0.31, 0.36, 0.38
respectively). Other functional domain parameters (HGS,
GS, BT) or body composition indices (BMI, fat mass
index, fat-free mass index) did not correlate with
miRNAs (Table 2). Likewise, by comparing miRNA
levels according to functional domain categories, we
observed that patients with low CHSS (<0.5/s) had
significantly higher miRNA 29a, miRNA 29b and
miRNA 133a than patients with normal CHSS. Among
other functional domain categories, we did not find any
difference in miRNA levels (Table 3, Fig. 1).

Besides, we compared the association between
miRNA29 and CHSS separately for patients with
suspected sarcopenia (low HGS) and those with normal
HGS. We found that in patients with low hand-grip
strength (n=57) the correlation between miRNA 29a,
miRNA 29b and CHSS was stronger (miRNA 29a,
r=0.437, miRNA 29b, r=0.392). In contrast, among
patients with normal HGS (n=23), the correlation
between CHSS and miRNA29a and miRNA 29b was
completely lost (r=0,061 or r=0.067, Fig. 2). Finally, we
explored all miRNAs in the prediction of low CHSS.
Results of the AUROC analysis are displayed in Table 4.
It shows that miRNA 29a, miRNA 29b, and miRNA 133a
could significantly predict abnormal CHSS and the
predictive values had substantially improved in the
subgroup of patients with low HGS compared with the
entire study cohort.
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Table 2. Correlation table of the relevant parameters and miRNA levels in 80 patients

n=80 miRNA1 miRNA133a miRNA133b miRNA29a miRNA29b
Age rho -0.062 -0.028 -0.093 -0.043 -0.015
P value 0.6121 0.8156 0.4323 0.7047 0.8963
BMI, kg/m’ rho 0.162 0.135 0.101 0.122 0.100
P value 0.1831 0.2560 0.3901 0.2813 0.3811
Waist circumf., cm rho 0.140 0.019 0.018 0.058 0.044
P value 0.2525 0.8722 0.8786 0.6097 0.7024
Hand-grip strength, kg rho -0.030 -0.007 -0.018 0.008 -0.037
P value 0.8044 0.9532 0.8795 0.9413 0.7483
Midarm circumf., cm rho 0.099 0.121 0.119 0.143 0.112
P value 0.4183 0.3068 0.3130 0.2049 0.3269
Triceps skinfold, mm rho 0.194 0.264 0.310 0.360 0.377
P value 0.1109 0.0242 0.0072 0.0011 0.0006
Balance, s rho -0.082 0.113 0.008 -0.034 -0.055
P value 0.5037 0.3415 0.9469 0.7638 0.6282
Chair-stands/s rho 0.098 0.213 0.214 0.262 0.257
P value 0.4216 0.0706 0.0671 0.0190 0.0221
Gait speed, m/s rho -0.073 0.037 0.030 -0.005 -0.021
P value 0.5538 0.7590 0.7997 0.9673 0.8566
Hemoglobin, g/l rho 0.039 0.022 0.038 -0.137 -0.103
P value 0.7489 0.8511 0.7466 0.2268 0.3673
Serum creatinine rho 0.021 -0.044 -0.073 -0.001 -0.009
P value 0.8648 0.7122 0.5368 0.9945 0.9401
Serum urea, mmol/l rho 0.072 -0.068 -0.048 0.008 -0.002
P value 0.5544 0.5663 0.6858 0.9427 0.9877
Serum bilirubin, umol/l rho -0.119 -0.112 -0.100 -0.122 -0.196
P value 0.3298 0.3446 0.3966 0.2794 0.0839
C-reactive protein rho -0.068 -0.032 -0.120 -0.077 -0.064
P value 0.6018 0.7949 0.3325 0.5171 0.5928
Vitamin D rho -0.119 -0.097 -0.135 -0.120 -0.070
P value 0.3344 0.4198 0.2537 0.2912 0.5447
Fat mass index rho 0.124 0.101 0.110 0.163 0.188
P value 0.3097 0.3954 0.3522 0.1497 0.0973
Fat-free mass index rho 0.015 -0.021 -0.038 -0.022 -0.108
P value 0.9016 0.8600 0.7506 0.8497 0.3419

Spearman rank correlation coefficient

Discussion

In our study, we explored the association of
selected miRNAs with functional mobility domains in
hospitalized elderly patients. From all the functional
domains, the only chair stands speed correlated with the
selected miRNAs. The
significant but relatively weak. However, miRNA29 and

observed correlation was

133a could predict low chair stand speed with fair
accuracy. Besides, in patients with low hand-grip

strength, who are classified according to the EWGSOP2
consensus as those with suspected sarcopenia, the
association was much stronger. Micro RNA29 and 133
could thus have potential as biomarkers for identifying
patients with some aspects of impaired functional status,
in this case, an impaired antigravitational domain. We
also found a fair correlation between miRNAs and the
triceps skinfold. In contrast, we did not observe any
association between miRNAs and hand-grip, gait speed,
or the balance test.
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Fig. 1. Comparison of microRNA 1, 133a, 133b, 29a and 29b levels according to categorical functional mobility domains. Upper pane:
normal (solid square) vs. low handgrip strength (dotted square, men<30kg, women<20kg). Lower pane: normal (solid square) vs. low
chair stand speed (dotted square, <0.5/s), Box-whisker plot showing the 25-75th percentile and range, *p<0.05.
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Fig. 2. Correlations between microRNA 29a, miRNA 29b and
chair-stand speed (chair stands/s). Left pane: miRNA29a, all
patients: r=0.262, p=0.019, patients with low handgrip (L):
r=0.437, p=0.0007, normal handgrip (N): r=0.061, p=0.784.
Right pane: miRNA29b, all patients: r=0.257, p=0.021, patients
with low handgrip (L): r=0.392, p=0.0026, normal handgrip (N):
r=0.0669, p=0.767.

MiRNA 29 plays a role in the regulation of
skeletal muscle homeostasis, is involved in the regulation
of myogenesis with important roles in the activation and
differentiation of satellite cells and the regulation of
insulin signaling (Hilton et al. 2019). Given the available
literature to date, we do not find a similar report on the
relationship between miRNAs and the CHSS, which
makes our report unique. Of interest is the observed
skinfold.
Although it is known that miRNAs are also essential for

correlation of miRNA 29b with triceps

the formation and function of adipose tissue, their role in
regulating the distribution of human fat remains
completely unexplored (Hilton et al. 2019). It is known
that miRNA 133 and miRNA 1 are also involved in
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Table 3. Comparison of micro-RNA Ct levels by various functional mobility domains

Normal handgrip strength

Low handgrip strength

n Median Average Rank n Median Average Rank pP*?
miRNA1 20 33.4343 323 49 33.918 36.102 0.4751
mirRNA29a 23 27.3744 38.913 57 28.572 41.1404 0.698
mirRNA29b 22 30.1853 37 57 31.299 41.1579 0.4704
miRNAI33a 21 32.2967 34.7619 52 32.6082 37.9038 0.5668
miRNA133b 22 324277 35.7727 52 32.8363 38.2308 0.6531

Normal chair-stands speed Low chair-stands speed

n Median Average Rank n Median Average Rank p*?
miRNAI 8 35.4133 45.25 61 33.5043 33.6557 0.1243
mirRNA29a 12 32.033 55.5 68 27.3453 37.8529 0.0153
mirRNA29b 12 35.452 55.8333 67 29.7397 37.1642 0.0095
miRNAI33a 9 35.1732 51.5556 64 31.9978 34.9531 0.0279
miRNA133b 8 35.8764 50.125 66 32.2045 35.9697 0.0787

Normal gait speed Low gait speed

n Median Average Rank n Median Average Rank |
miRNA1 30 33.3077 33.4333 39 33.918 36.2051 0.5694
mirRNA29a 34 27.3819 394118 46 28.5785 41.3043 0.7188
mirRNA29b 33 30.6309 37.6061 46 31.279 41.7174 0.4323
miRNAI33a 31 32.2967 36.1935 42 32.7371 37.5952 0.7802
miRNAI133b 32 32.7057 37.25 42 32.9759 37.6905 0.9304

Normal balance Low balance

n Median Average Rank n Median Average Rank P?
miRNA1 35 33.4028 33.5714 34 33.969 36.4706 0.5484
mirRNA29a 40 27.3472 39.625 40 28.4306 41.375 0.7363
mirRNA29b 39 29.9535 38.7179 40 31.3909 41.25 0.6239
miRNAI33a 38 32.9207 39.3158 35 31.8804 34.4857 0.3312
miRNA133b 36 33.0095 37.25 38 32.204 37.7368 0.9225

cut-offs: handgrip males<30kg, females<20kg, chairstands<0.5/s, gait speed<0.8 m/s, balance<30s, * Mann-Whitney test
Table 4. Accuracy of the miRNAs (Ct) in the prediction of low chair-stands speed (<0.5/s) among hospitalized patients
All patients, n=80
AUROC 95% CI P cut-off SEN (%) SPE (%)
miRNA 29a 0.721 0.54-0.90 0.02 <31 79 58
miRNA 29b 0.736 0.56-0.91 0.01 <35.2 85 58
miRNA 133a 0.727 0.53-0.92 0.02 <32.6 59 89
miRNA 133b 0.691 0.48-0.90 0.07 <32.8 56 87.5
miRNA 1 0.668 0.46-0.88 0.11 <34.6 67.2 75
Low hand-grip strength, n=57
AUROC 95% CI P cut-off SEN (%) SPE (%)

miRNA 29a 0.928 0.83-0.98 <0.001 <31 80.4 100
miRNA 29b 0.928 0.83-0.98 <0.001 <352 84.3 100
miRNA 133a 0.88 0.76-0.95 <0.001 <344 71 100
miRNA 133b 0.87 0.75-0.95 <0.001 <36.3 80 100
miRNA 1 0.761 0.45-1.0 0.1 <36.6 87 66.7
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skeletal muscle proliferation and differentiation (Chen
et al. 2006).

To date, several studies have been performed in
humans to explore changes in serum miRNAs while
examining the relationship with functional mobility
domains (Yanai et al. 2020). The study (lannone et al.
2020) of 218 individuals from retirement homes (79 men,
139 women) older than 65 years, half of whom were
diagnosed as sarcopenic (based on EWGSOP2 criteria),
found lower plasma levels of 133b miRNA in individuals
with sarcopenia. Lower levels of miRNA 133b and
miRNA 206 significantly correlated with poor nutritional
status, a positive correlation was observed between
plasma levels of miRNA 133b and serum albumin and
iron. The cross-sectional study (Murabito et al. 2017)
examined the relationship of muscle strength measured
by handgrip on 299 types of plasma miRNA in 5668
community-living individuals (2616 males, 3052 females,
mean age 55.7) from the Framingham Heart Study and
Gen 3 studies. Through linear mixed-effects regression
modeling found that almost all miRNAs examined had
increased miRNA expression associated with increased
handgrip strength.

The strongest relationship was observed for
miRNA 126-3p, miRNA 30a-5p and miRNA 30d-5p,
including miRNA 29b-2-5p among the top 15. The study
(Ipson et al. 2018) focused on the identification of
mRNA
14 community-living robust (5 males, 2 females) and frail

isolated from the plasma exosome of
(Fried frailty phenotype, 7 males) elderly individuals and
compared it with samples from 7 healthy university
students. Pairwise comparison between groups young vs.
frail and robust vs. frail identified eight miRNAs that
were differentially expressed and thus unique in frail
individuals: miRNA 10a-3p, miRNA 92a-3p, miRNA
185-3p, miRNA 194-5p, miRNA 326, miRNA 532-55,
miRNA 576-5p and miRNA 760. Among the miRNAs
we have examined: miRNA 1, miRNA 133a-1, -2,
miRNA 29a-3p, miRNA 29b 2-5p, -3p, the association
was not demonstrated. Another study (He ef al. 2020)
compared plasma miRNA samples from 93 elderly
individuals with sarcopenia and 93 individuals without
sarcopenia diagnosed according to the Asian Working
Group of Sarcopenia. In individuals with sarcopenia,
lower levels of miRNA 208b and miRNA 155 were
found and they significantly correlated with handgrip
strength in women and miRNA 208b, miRNA 499,
miRNA 222 significantly correlated with the skeletal
muscle mass. However, for miRNA 1, miRNA 133a,

miRNA 133b, significant differences were not observed
(He et al. 2020). Similarly, the study of Liu et al. with
77 hospitalized patients (41 men, 36 women) aged 66 to
92 years, of whom 18 were evaluated as sarcopenic, did
not reveal significant differences in miRNA 133a. In
contrast, they found that levels of miRNA 486 and
miRNA 146a were lower in sarcopenic individuals,
where they observed an association with skeletal muscle
index (SMI) and a correlation with handgrip strength in
miRNA 146a (Liu et al. 2021).

Since our study did not evaluate patients for
sarcopenia, and our RNA panel was narrower compared
consider the results as

to previous studies, we

complementary. Evaluating patients for sarcopenia
according to the current consensus is not feasible in all
hospitalized patients. However, measuring functional
mobility domains appears easier and provides a clinically
relevant argument for decision making. While CHSS is
one of the two screening tests for sarcopenia according to
the recent consensus (Cruz-Jentoft et al 2019), it
provides a piece of important information on the
antigravity domain, which is highly relevant to the
prospects of patients’ recovery. Although miRNAs with
CHSS have not been studied previously, we confirmed
that lower functional status reflected in the lower anti-
gravity domain was directly related to reduced levels of
several miRNAs. Our study also confirmed that the
potential for the use of miRNA 1, the major muscle-
specific miRNA, as abiomarker seems to be low
(He et al. 2020, Iannone et al. 2020, Ipson et al. 2018).
Future studies are needed on the role of selected miRNAs
as biomarkers of frailty/sarcopenia focusing on their
predictive value for distinct objectively evaluated
conditions (abnormal HGS, CHSS, subcutaneous fat) and
exploring their impact on relevant clinical endpoints such
as length of hospital stay, newly acquired disability or
prognosis.

The main strength of our study is the focus on
the objective measurement of the selected physical
functional domains. Also, the population of hospitalized
elderly patients has not received much attention in
previous studies with miRNAs, but it represents the most
vulnerable population being affected by the impaired
functional status and would most benefit from early
intervention. Our study has several limitations. Since we
found only a single domain being associated with
miRNAs, we did not evaluate frailty assessment tools
derived from other functional domains such as short
performance physical battery test or liver frailty index.
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We did not evaluate patients for sarcopenia according to
the recent consensus (Cruz-Jentoft ef al. 2019), since not
all patients underwent a procedure enabling evaluation of
muscle mass. The pre-test probability of low chair stand
speed was high in our patients, so the predictive potential
of miRNA in this population could have overestimated
the true value. Therefore, our results suggesting the high
predictive value of miRNA for the impaired anti-
with
sarcopenia should be interpreted with caution. However,

gravitational domain in patients suspected
our finding that miRNAs perform better in patients with
low handgrip strength should set the stage for further
research on well-balanced and stratified cohorts.

In conclusion, we explored the association of
selected miRNAs with physical function domains in
hospitalized elderly patients. From all the functional
domains, the only chair stands speed correlated with the
selected miRNAs. The observed association was
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