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Introduction: The progressive loss of skeletal muscle mass, strength, and
function that frequently occurs as people get older is referred to as
sarcopenia. Elderly musculoskeletal aging, sarcopenia, and obesity are all
intimately connected. Our study’s aim is to investigate the prevalence of
sarcopenia in a real cohort of patients over 65 with musculoskeletal conditions
referring to a Rehabilitation Unit. The secondary aim of our study is to investigate
associations between sarcopenia and alterations in nutritional status and Body
Mass Index (BMI). Finally, quality of life and global health has been investigated in
our population.

Materials and methods: From January 2019 to January 2021, 247 patients over
65 years old with musculoskeletal concerns were enrolled and participated in an
observational study. As outcome measures, the Mini Nutritional Assessment
(MNA), the 12-ltem Short Form Health Survey (SF-12), and the Cumulative
Illness Rating Scale Severity Index (CIRS-SI) were used. Additionally,
measurements of total skeletal muscle mass (SMM) and appendicular muscle
mass (ASMM) using bioelectrical impedance analysis, as well as a hand grip
strength test of the non-dominant hand were taken. The Mid Upper Arm
Circumference (MUAC) and the Calf Circumference (CC) were measured and
recorded as further indications of possible sarcopenia.

Results: A percentage of 46.1% of subjects with overt sarcopenia was found and
10.1% showed a severe sarcopenia. Patients with severe sarcopenia showed
significantly lower values of BMI and MNA. Additionally, sarcopenic patients
showed significantly lower values in MNA when compared to non-sarcopenic
patients. Considering SF-12, only the physical score revealed slight significant
differences. In particular, patients affected by probable or severe sarcopenia
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presented a lower value than non-sarcopenic patients. Concerning MUAC and
CC, severe sarcopenic patients showed significant lower values for both the
body parts.

Conclusion: Our study considers a cohort of real-life elderly subjects with
musculoskeletal concerns and shows that these subjects are highly susceptible
to sarcopenia. Therefore, rehabilitation for elderly patients with
musculoskeletal concerns requires to be customized and multidisciplinary.
Future research should further investigate these aspects in order to enable the
early identification of sarcopenia and the formulation of customized

rehabilitative programs.
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Introduction

According to the current definition, sarcopenia refers to the
progressive loss of skeletal muscle mass, strength and performance
that increases risk of physical disability and hospitalization (1).
Sarcopenia is believed to be a condition typical of advanced age,
even if muscle mass loss begins around the age of 40 (1, 2).
Nevertheless, while muscle mass represents the 42% of global body
mass in adults, it drops to about 27% in the elderly (3). Sarcopenia’s
negative effects can affect older subjects with a prevalence varying
from 10% to 27% (4), increasing the risk of adverse consequences
such as falls, fractures, depression, physical impairment, quality of life
worsening, and increased mortality (5-8).

Sarcopenia pathophysiology is complex, with aging,
sociodemographic factors, lifestyle choices, and a number of
medical conditions being all factors that contribute (2). In
particular, musculoskeletal aging and sarcopenia in the elderly
have been demonstrated to be closely linked, since numerous
studies have shown that cellular, mitochondrial and nervous
impairment underlying ageing dysfunctions can also lead to the
appearance of sarcopenia (9, 10). On the other hand, the adipose
tissue redistribution represents another important age-related effect.
In fact, as people age, subcutaneous adipose tissue declines
gradually, visceral obesity increases, and adipocytes and lipids
accumulate in the bone marrow, liver, and skeletal muscle
(myosteatosis). In particular, total body fat increases with age
until it reaches a plateau, and then it gradually begins to decline.
Obesity and excessive caloric consumption can both contribute to
the development of sarcopenia (11-13). Sarcopenia obesity
supervenes when a decrease of lean body mass accompanied by
an excessive accumulation of adipose tissue, particularly visceral fat,
occurs (3, 14).

Even if musculoskeletal concerns are among the most common
causes for older people to be admitted to a rehabilitation unit, to
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date, there are no studies that have investigated in real life
the incidence of sarcopenia among elderly patients with
musculoskeletal disorders. Therefore, our study aims to
investigate the prevalence of sarcopenia (diagnosed through the
algorithm proposed by the European Working Group on
Sarcopenia in Older People-2 or EWGSOP-2) in a real-life cohort
of patients over the age of 65 with musculoskeletal conditions
referred to a Rehabilitation Unit on an outpatient basis. Given the
association between sarcopenia and obesity, secondary aim of our
study is to search for real-life associations between sarcopenia and
changes in nutritional status and Body Mass Index (BMI) among a
population of elderly subjects suffering from musculoskeletal
concerns. Finally, quality of life and global health has been
investigated in our population.

Materials and methods
Study design

An observational, prospective study was conducted involving a
cohort of 247 patients with musculoskeletal disorders, enrolled
from January 2019 to January 2021 at the Rehabilitation Unit of
Padua University - General Hospital, Padua, Italy.

Participants

Subjects of both sexes over the age of 65 who had a diagnosis of
musculoskeletal disorders were included in the study. The
population under study included only community-dwelling
subjects. Patients involved in the study presented a diagnosis of a
musculoskeletal disorder, e.g., osteoarthritis, shoulder tendonitis,
and chronic back pain. For the diagnosis of osteoarthritis, the
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diagnostic criteria were based on the Kellgren-Lawrence grading
system for radiographic assessment, while patients with post-bone
fracture outcomes and chronic back pain had a well-established
diagnosis made by a physician (medical history, clinical
examination, imaging studies and surgical reports.). Enrolled
subjects must be able to provide informed consent. In addition,
enrolled patients had to complete the Short Portable Mental Status
Questionnaire (SPMSQ), reporting a score > 5, be able to walk
without aids, and not present any conditions that would prevent
them from perform bioelectrical impedance analysis (BIA).

People less than 65 years of age, non-community dwelling (nursing
home, institutional setting, etc.) were excluded. Heart failure,
respiratory failure, impaired cognitive functions (mini mental status
examination<24), multiple musculoskeletal conditions, oncological or
psychiatric comorbidities, and inability to properly comprehend and
sign informed consent represented the exclusion criteria. Moreover, as
an exclusion criterion, participants with specific diagnoses (such as
spinal fractures, tumors, bone infections) that could potentially
confound the study outcomes were excluded.

Outcome measures

Three different evaluation scales in the Italian validated version
were employed:

- The Cumulative Illness Rating Scale Severity Index (CIRS-SI):
a standardized instrument used in the geriatric field to
measure the health of the elderly as objectively as possible.
It requires the physician to assess and measure the clinical
and functional severity of 14 disease categories. For each of
these categories, a severity value must be defined, based on
clinical history, objective examination and patient-reported
symptoms. The scale provides a cumulative score, which
can range from 0 to 56 (15).

- The Mini Nutritional Assessment (MNA): a screening tool
that contribute to identify elderly patients who are
malnourished or at risk of malnutrition. Thanks to 18
questions grouped in 4 sections (anthropometry, general
state, eating habits and self-perceived health and nutrition
states), the MNA provides a multidimensional assessment
of the patient nutritional condition. The final score can
reach a maximum of 30 points and allows the nutritional
status to be classified: patients are considered well-fed when
they reach a score 224 points, while they are at risk of
malnutrition with a score between 23.5 and 17 (16).

- The 12-Ttem Short Form Health Survey (SF-12): a
questionnaire readjusted from a larger version, the 36-
Item Short Form Health Survey (SF-36), used to
investigate the perception of personal psychophysical
conditions, frequently employed in the rehabilitation field.
The SF- 12 results, dual and expressed by the acronyms PCS
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(Physical Component Summary) and MCS (Mental
Component Summary), can adequately summarize the
size of the patient’s impairment both from a physical and
mental point of view (17).

Instrumental evaluations were also carried out, including:

- Hand grip strength evaluation of the non-dominant hand
measured with a handheld dynamometer.

- Total Skeletal Muscular Mass (SMM) and Appendicular
Skeletal Muscle Mass (ASMM) measurement through a
bioelectrical impedance analysis employed to assess body
composition (Biody Xpert, Interfit technology) (18).

The estimation of muscular masses, using the bioelectrical
impedance analysis is well accepted. They are based on equation
that combine height, sex, age and the parameters calculated by the
proper instrument:

SMM  (kg) = {(Height Z/R-0.401) + (sex-3.825) +[age-(-0.071)]} +5.102
ASMM  (kg) =—3.964 + (0.227-RI) + (0.095
- Weight) + (1.384-sex) + (0.064 - Xc)

where height is in cm, R is the resistance in Ohms, RI the
resistance normalized for the height, the sex is 0 for biological
females and 1 for biological males, age is in years and the Xc is the
reactance measured in Ohms (19, 20).

Sarcopenia was considered probable when low muscle strength
was detected. Sarcopenia diagnosis was confirmed if also low muscle
quantity or quality was recorded. When low muscle strength, low
muscle quantity/quality and low physical performance were all
detected, sarcopenia was considered severe. In particular,
according to the European Working Group on Sarcopenia in
Older People 2 (EWGSOP2), the following values were used to
define sarcopenia cut-off (21):

- Hand Grip Strength< 27 kg for male subjects and< 16 kg for
female subjects;

- ASMMc< 20 kg for male subjects and< 15 kg for female
subjects;

- ASMM/height’< 7.0 kg/mA2 for male subjects and< 6.0 kg/
mA2 for female subjects.

According to the EWGSOP2, severe sarcopenia was defined
testing gait speed through the 4 meters walking test: a gait speed
<0.8 m/s both for males and females allowed to define a severe form
of sarcopenia. The Calf Circumference (CC) and the Mid Upper
Arm Circumference (MUAC) were measured and collected as
further indications of possible sarcopenia, according to Hu et al.
for MUAC (22) and Kawakami et al. for CC (23).
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Statistical analysis

For the statistical analysis, we divided the whole sample of
patients into four groups, according to the sarcopenia level
measured by the association of strength, speed and ASMM/
height2 (levels: 0, normal; 1, probable sarcopenia, only reduced
muscle strength; 2, sarcopenia, reduced strength and muscle mass;
3, severe sarcopenia, reduced strength, muscle mass and
performance). To show the distribution of the sex and the CIRS-
SI in relation to the sarcopenia level, we used a contingency table.

In order to evaluate the difference in BMI, MNA, SF-12 and arm
and calf circumference among the four groups, we used the
Kruskal-Wallis test, applying the Bonferroni correction for the
repetitive measures. This test was used for the comparison of
independent variables of multiple groups. Finally, Spearman
correlation was employed to evaluate the association of the arm
and calf circumference with other variables. We decided to use non-
parametric tests because of the features of the data.

Quantitative data were shown as median values. The analyses
were performed using the IBM SPSS Statistics Software version 26
and the significance was set as p< 0.05.

Results

A total of 247 patients were enrolled in our study, with a median
age of 73 years (range 61 - 95 years). Among them, 98 men and 149
women were studied (Table 1). A percentage of 46.1% of subjects
with overt sarcopenia was found and 10.1% showed a severe
sarcopenia. The majority of the subjects presented a sarcopenia
level 2 and low levels of global health, as assessed by the CIRS-
SI (Table 2).

Considering the different sarcopenia levels, the most severe level
group (level 3) showed significantly lower values of BMI and MNA
in comparison with all the other groups. Additionally, level 2

TABLE 1 Data of age, BMI and anthropometric measures related to sex.

10.3389/fendo.2023.1194676

showed significant lower values in MNA, exclusively in
comparison with level 0. Considering SF-12, only the physical
composite score revealed slight significant differences. In
particular, group 3 and group 1 presented lower values than
group 0 (Figure 1).

Concerning the arm and calf circumference, group 3 showed
significant lower values for both the body parts in comparison with
groups 0 and 1. Sarcopenia level 2 showed lower values than group 0
in CC (Figure 2). Significant direct correlations were found between
BMI and MUAC and BMI and CC (p< 0.01, r = 0.70 and r = 0.52
respectively). A minimal direct correlation was found between
MNA and CC (Figure 3).

Discussion

In our study, elderly patients with musculoskeletal disorders
who accessed the outpatient clinics of the University of Padua
Rehabilitation Unit were shown to frequently present sarcopenia
and low levels of global health, as assessed by the CIRS-SI score. In
particular, the sarcopenia prevalence in our study reconfirmed data
already present in the literature (24). In our work, we decided to
apply ASMM because it is reliable and shows a relative cost-
effectiveness. The application of the parameters calculated by the
bioelectrical impedance and the use of SMM and ASMM allowed us
a clear identification of the four groups, with different level of
sarcopenia. The groups showed some peculiar differences and let us
speculate about patients’ conditions and the different approaches
to management.

Interestingly, when measuring BMI in patients referred to our
center, we found that patients with severe sarcopenia had a sharp
decline in BMI, whereas patients with probable sarcopenia and
moderate sarcopenia had higher BMI scores that reached
overweight levels. This agrees with the increasing evidence of an
association between sarcopenia and obesity, while at extreme levels

Sex Number of patients Age BMI MUAC CC
Female 98 72.8 26.3 28.5 36.8
Male 149 73.4 26.7 28.2 35.8
Total 247 73.1 26.5 283 36.2

BMI, Body Mass Index; MUAC, Mid Upper Arm Circumference; CC, Calf Circumference.

TABLE 2 Data of MNA and SF-12 related to sarcopenia level.
Sarcopenia level Number of patients Percentage MNA SF-12 (PCS) = SF-12 (MCS)
0 64 25.9% 26.8 13.9 182
1 69 27.9% 25.7 12.7 17.5
2 89 36.1% 25.4 13.2 17.9
3 25 10.1% 23.2 11.7 17.3
Total 247 100.00% 25.6 13.1 17.8

Level 0, no sarcopenia; level 1, probable sarcopenia; level 2, sarcopenia; level 3, severe sarcopenia; MNA, Mini Nutritional Assessment; SF-12 (PCS), 12-Item Short Form Health Survey Physical
Component Summary; SF-12 (MCS), 12-Item Short Form Health Survey Mental Component Summary.
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BMI, MNA and SF-12 (PCS) scores variation in the four group of patients evaluated.BMI, Body Mass Index; MNA, Mini Nutritional Assessment; SF-12
(PCS), 12-Item Short Form Health Survey Physical Component Summary; group 0, no sarcopenia; group 1, probable sarcopenia; group 2,

sarcopenia; group 3, severe sarcopenia.

of sarcopenia not only muscle mass but also fat mass seem to
be reduced.

Furthermore, our study showed that elderly subjects with
musculoskeletal disorders are also prone to malnutrition and
sarcopenia and malnutrition in this population seemed to be
related. In literature, it has been demonstrated that specific foods
and dietary habits can help prevent the loss of strength and function
that comes with age (25, 26). Several randomized controlled trials
seem to indicate that dietary protein consumption is essential for
avoiding sarcopenia and muscle loss (26). Both selenium and
magnesium have been investigated as dietary supplements, and
they seem to have a possible relationship with physical activity and
muscular function in older people (26). Improving diet and nutrition
may be useful for both the prevention and treatment of sarcopenia as
low nutritional status is widespread in the elderly, especially in frail
subjects (12). Therefore, a proper rehabilitation program for elderly
subjects with both sarcopenia and musculoskeletal concerns should

include not only motor and strengthening exercises, but also
educational initiatives to promote an adequate nutritional status.
Progressive elastic band resistance exercises have been demonstrated
to reduce fat mass and to increase physical function in patients with
sarcopenic obesity and sarcopenia (27-30). Both water- and land-
based activities have been shown to be beneficial in maintaining
strength and in improving lower-body flexibility, with aquatic
exercise appearing a better activity to improve dynamic balance
and to manage comorbidities (31-35). Nutritional interventions
should also be involved in the rehabilitative protocols suggested to
these patients. Therefore, the rehabilitation team should include a
nutrition expert, in order to help the patients receive the appropriate
amount of protein as principal anabolic stimuli for muscle protein
synthesis (1.0-1.2 g/kg body weight per day) and all the supplements
that support the musculoskeletal health, such as vitamin D,
antioxidant nutrients and long-chain polyunsaturated fatty acids
(25, 36).

Arm (cm)
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Arm and calf circumference in the four group of patients evaluated. Group 0, no sarcopenia; group 1, probable sarcopenia; group 2, sarcopenia;

group 3, severe sarcopenia.
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Correlations between BMI and MUAC and BMI and CC. BMI, Body Mass Index; MUAC, Mid Upper Arm Circumference; CC, Calf Circumference.

In our study, arm and calf circumference were shown to be
reduced especially in patients with severe sarcopenia. Therefore,
this study supports the use of these measurements for aiding in
sarcopenia detection, reconfirming Hu et al. and Kawakami et al.
findings (22, 23). They could therefore represent rapid indicators
for the assessment of patients at increased risk of developing
sarcopenia and thus be employed in clinical practice. A significant
direct correlation between BMI and MUAC and CC circumferences
was also obtained in our study, in accordance with previous results
(37). Additionally, a slender direct association between MNA
and CC was found. As a result, CC could be employed as a
rapid outpatient tool for the assessment of the elderly patient
nutritional status.

Our results showed also a moderate but significant reduction in
the physical status category of quality of life in subjects with
probable sarcopenia and severe sarcopenia when compared with
the group of patients who did not present sarcopenia. This agrees
with previous literature in which an association between quality of
life and nutritional condition was found (38, 39). It is well-known
that sarcopenia increases the risk of physical limitation and
disability, lowering patients” quality of life.

According to our data, patients with both sarcopenia and worse
nutritional status reported reduced quality of life. By reducing
malnutrition and encouraging optimal functioning, good
nutrition can enhance the health-related quality of life (38). Since
low physical capacity and quality of life influence personal and
social costs (40), it can be hypothesized that the development of
programs aimed at preventing nutritional deficiencies in patients
with musculoskeletal disorders could contribute not only to
ameliorate quality of life but also to economic and social benefits.

From the findings of our study, we can conclude
that evaluations of sarcopenia, quality of life, and nutritional
status should become part of the rehabilitative outclinics
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protocol for elderly patients accessing the Rehabilitation Unit for
musculoskeletal concerns. The management of elderly patients with
sarcopenia or pre-sarcopenia conditions associated to
musculoskeletal disorders should start with the early detection of
different concerns. An early assessment resulting in the
identification of otherwise neglected needs may contribute to the
development of primary and secondary prevention strategies,
avoiding the progression into real pathological conditions
(i.e., probable sarcopenia into sarcopenia, nutritional deficiencies
into malnutrition) (41). Subsequently, a multimodal and
multidisciplinary rehabilitation program, including prevention
strategies, motor activity, strengthening exercise, nutrition and
educative interventions (42, 43), should be proposed.

The study has several limitations that should be taken into
consideration when interpreting the results. Firstly, there is a
potential for selection bias as the participant selection process
may not accurately represent the broader population of elderly
individuals with musculoskeletal disease. Secondly, the
generalizability of the findings may be limited due to the nature
of observational studies. The specific inclusion and exclusion
criteria, as well as the characteristics of the participants, may
restrict the ability to extend the results to broader populations or
different settings. Thirdly, despite attempts to control for
confounding through statistical analysis or study design, there
may be unmeasured or unknown factors that influence the
relationship between the variables under investigation.

Conclusion

Real-life elderly subjects with musculoskeletal concerns are
highly susceptible to sarcopenia. Therefore, rehabilitation
for elderly patients with musculoskeletal concerns requires
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to be customized and multidisciplinary, addressing both the
musculoskeletal condition and the needs associated to sarcopenia,
including nutritional supplementation. To identify those who are
more likely to develop sarcopenia, it is advisable to draw a user-
friendly screening tool, e.g., using MUAC and CC. Nutritional
assessment should be part of the screening process since early
detection of a malnourished state may result in interventions to
improve nutritional status and, as a result, quality of life. Future
research should further investigate these aspects in order to enable
the early identification of sarcopenia among elderly patients affected
by musculoskeletal concerns and the formulation of customized
multidisciplinary rehabilitative programs.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided their
written informed consent to participate in this study.

References

1. Marzetti E. Musculoskeletal aging and sarcopenia in the elderly. Int J Mol Sci
(2022) 23(5):2808. doi: 10.3390/ijms23052808

2. Marzetti E, Calvani R, Tosato M, Cesari M, Di Bari M, Cherubini A, et al.
Sarcopenia: an overview. Aging Clin Exp Res (2017) 29(1):11-7. doi: 10.1007/s40520-
016-0704-5

3. Bilski J, Pierzchalski P, Szczepanik M, Bonior J, Zoladz J. Multifactorial
mechanism of sarcopenia and sarcopenic obesity. role of physical exercise,
microbiota and myokines. Cells (2022) 11(1):160. doi: 10.3390/cells11010160

4. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global
prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-analysis.
J Cachexia Sarcopenia Muscle (2022) 13(1):86-99. doi: 10.1002/jcsm.12783

5. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, et al. Age-
associated changes in skeletal muscles and their effect on mobility: an operational
diagnosis of sarcopenia. J Appl Physiol (2003) 95(5):1851-60. doi: 10.1152/
japplphysiol.00246.2003

6. Morley JE. Frailty and sarcopenia in elderly. Wiener Klinische Wochenschrift
(2016) 128(S7):439-45. doi: 10.1007/500508-016-1087-5

7. Papadopoulou S. Sarcopenia: a contemporary health problem among older adult
populations. Nutrients (2020) 12(5):1293. doi: 10.3390/nu12051293

8. Papathanasiou IV, Rammogianni A, Papagiannis D, Malli F, Mantzaris DC,
Tsaras K, et al. Frailty and quality of life among community-dwelling older adults.
Cureus (2021) 13(2):213049. doi: 10.7759/cureus.13049

9. Larsson L, Degens H, Li M, Salviati L, Lee Y, Thompson W, et al. Sarcopenia:
aging-related loss of muscle mass and function. Physiol Rev (2019) 99(1):427-511.
doi: 10.1152/physrev.00061.2017

10. Protasi F, Pietrangelo L, Boncompagni S. Improper remodeling of organelles
deputed to Ca2+ handling and aerobic ATP production underlies muscle dysfunction
in ageing. Int ] Mol Sci (2021) 22(12):6195. doi: 10.3390/ijms22126195

11. Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology,
epidemiology and treatment strategies. Nat Rev Endocrinol (2018) 14(9):513-37.
doi: 10.1038/s41574-018-0062-9

12. Meza-Valderrama D, Marco E, Davalos-Yerovi V, Muns MD, Tejero-Sanchez
M, Duarte E, et al. Sarcopenia, malnutrition, and cachexia: adapting definitions and
terminology of nutritional disorders in older people with cancer. Nutrients (2021) 13
(3):761. doi: 10.3390/nul3030761

Frontiers in Endocrinology

10.3389/fendo.2023.1194676

Author contributions

Conceptualization and methodology, MM, DC, AF, YD and
SM. Data collection, AB and MV. Data curation, MM, DC, AF, AB
and NS. Data analysis, DC, AF and NS. Investigation, MM, DC, AB
and MV. Writing—original draft preparation, MM and DC.
Writing—review and editing, MM, DC, YD and SM. Supervision,
SM. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Nishikawa H, Asai A, Fukunishi S, Nishiguchi S, Higuchi K. Metabolic
syndrome and sarcopenia. Nutrients (2021) 13(10):3519. doi: 10.3390/nu13103519

14. Choi KM. Sarcopenia and sarcopenic obesity. Korean | Internal Med (2016) 31
(6):1054-60. doi: 10.3904/kjim.2016.193

15. Salvi F, Miller MD, Grilli A, Giorgi R, Towers AL, Morichi V, et al. A manual of
guidelines to score the modified cumulative illness rating scale and its validation in
acute hospitalized elderly patients. ] Am Geriatrics Soc (2008) 56(10):1926-31.
doi: 10.1111/j.1532-5415.2008.01935.x

16. Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S, et al. The
mini nutritional assessment (MNA) and its use in grading the nutritional state of
elderly patients. Nutrition (1999) 15(2):116-22. doi: 10.1016/S0899-9007(98)00171-3

17. Sampogna F, Mastroeni S, Pallotta S, Fusari R, Uras C, Napolitano M, et al. Use
of the SF-12 questionnaire to assess physical and mental health status in patients with
psoriasis. ] Dermatol (2019) 46(12):1153-9. doi: 10.1111/1346-8138.15074

18. Ishii S, Tanaka T, Shibasaki K, Ouchi Y, Kikutani T, Higashiguchi T, et al.
Development of a simple screening test for sarcopenia in older adults. Geriatrics
Gerontology Int (2014) 14:93-101. doi: 10.1111/ggi.12197

19. Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skeletal
muscle mass by bioelectrical impedance analysis. ] Appl Physiol (2000) 89(2):465-71.
doi: 10.1152/jappl.2000.89.2.465

20. Sergi G, De Rui M, Veronese N, Bolzetta F, Berton L, Carraro S, et al. Assessing
appendicular skeletal muscle mass with bioelectrical impedance analysis in free-living
Caucasian older adults. Clin Nutr (2015) 34(4):667-73. doi: 10.1016/j.cInu.2014.07.010

21. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing (2019)
48(1):16-31. doi: 10.1093/ageing/afy169

22. Hu F-J, Liu H, Liu X-L, Jia S-L, Hou L-S, Xia X, et al. Mid-upper arm
circumference as an alternative screening instrument to appendicular skeletal muscle
mass index for diagnosing sarcopenia. Clin Interventions Aging (2021) 16:1095-104.
doi: 10.2147/CIA.S311081

23. Kawakami R, Murakami H, Sanada K, Tanaka N, Sawada SS, Tabata I, et al. Calf
circumference as a surrogate marker of muscle mass for diagnosing sarcopenia in Japanese
men and women. Geriatrics Gerontol Int (2015) 15(8):969-76. doi: 10.1111/ggi.12377

24. Chang H-K, Lee J-Y, Gil C-R, Kim M-K. Prevalence of sarcopenia in
community-dwelling older adults according to simplified algorithms for sarcopenia

frontiersin.org


https://doi.org/10.3390/ijms23052808
https://doi.org/10.1007/s40520-016-0704-5
https://doi.org/10.1007/s40520-016-0704-5
https://doi.org/10.3390/cells11010160
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1007/s00508-016-1087-5
https://doi.org/10.3390/nu12051293
https://doi.org/10.7759/cureus.13049
https://doi.org/10.1152/physrev.00061.2017
https://doi.org/10.3390/ijms22126195
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.3390/nu13030761
https://doi.org/10.3390/nu13103519
https://doi.org/10.3904/kjim.2016.193
https://doi.org/10.1111/j.1532-5415.2008.01935.x
https://doi.org/10.1016/S0899-9007(98)00171-3
https://doi.org/10.1111/1346-8138.15074
https://doi.org/10.1111/ggi.12197
https://doi.org/10.1152/jappl.2000.89.2.465
https://doi.org/10.1016/j.clnu.2014.07.010
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.2147/CIA.S311081
https://doi.org/10.1111/ggi.12377
https://doi.org/10.3389/fendo.2023.1194676
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Maccarone et al.

consensus based on Asian working group for sarcopenia. Clin Interventions Aging
(2020) 15:2291-9. doi: 10.2147/CIA.S281131

25. Robinson SM, Reginster JY, Rizzoli R, Shaw SC, Kanis JA, Bautmans I, et al.
Does nutrition play a role in the prevention and management of sarcopenia? Clin Nutr
(2018) 37(4):1121-32. doi: 10.1016/j.cInu.2017.08.016

26. Ganapathy A, Nieves JW. Nutrition and sarcopenia-what do we know?
Nutrients (2020) 12(6):1755. doi: 10.3390/nul12061755

27. Troycho T, Papathanasiou J. Essentials of physical and rehabilitation medicine
for undergraduate medical students. Plovdiv: Lax Book (2016).

28. Huang S-W, Ku J-W, Lin L-F, Liao C-D, Chou L-C, Liou T-H. Body
composition influenced by progressive elastic band resistance exercise of sarcopenic
obesity elderly women: a pilot randomized controlled trial. Eur J Phys Rehabil Med
(2017) 53(4):556-63. doi: 10.23736/S1973-9087.17.04443-4

29. Liao C-D, Tsauo J-Y, Lin L-F, Huang S-W, Ku J-W, Chou L-C, et al. Effects of
elastic resistance exercise on body composition and physical capacity in older women with
sarcopenic obesity. Medicine (2017) 96(23):7115. doi: 10.1097/MD.0000000000007115

30. Dionyssiotis Y, Athanassiou P, Papathanasiou J, Efstathopoulos E, Prokopidis K,
Trovas G, et al. Sarcopenia in patients with diabetes mellitus. Folia Med (2022) 64
(4):596-601. doi: 10.3897/folmed.64.663530

31. Bergamin M, Ermolao A, Tolomio S, Berton L, Sergi G, & Zaccaria M. Water-
versus land-based exercise in elderly subjects: effects on physical performance and body
composition. Clin Interventions Aging (2013) 2013:1109-17. doi: 10.2147/CIA.S44198

32. Dionyssiotis Y, Kapsokoulou A, Samlidi E, Angoules AG, Papathanasiou J,
Chronopoulos E, et al. Sarcopenia: from definition to treatment. HORMONES (2018)
16(4):429-39. doi: 10.14310/horm.2002.1764

33. Masiero S, Vittadini F, Ferroni C, Bosco A, Serra R, Frigo AC, et al. The role of
thermal balneotherapy in the treatment of obese patient with knee osteoarthritis. Int J
Biometeorology (2018) 62(2):243-52. doi: 10.1007/s00484-017-1445-7

34. Masiero S, Maccarone MC. Health resort therapy interventions in the COVID-
19 pandemic era: what next? Int | Biometeorol (2021) 65(11):1995-7. doi: 10.1007/
500484-021-02134-9

Frontiers in Endocrinology

08

10.3389/fendo.2023.1194676

35. Maccarone MC, Masiero S. Can spa rehabilitative interventions play a role
for patients suffering from neurodegenerative disorders at the early stages? a
scoping review. Int ] Biometeorol (2022) 66:2369-77. doi: 10.1007/s00484-022-
02369-0

36. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et al.
Evidence-based recommendations for optimal dietary protein intake in older people: a
position paper from the PROT-AGE study group. ] Am Med Directors Assoc (2013) 14
(8):542-59. doi: 10.1016/j.jamda.2013.05.021

37. Nguyen P, Ramakrishnan U, Katz B, Gonzalez-Casanova I, Lowe AE, Nguyen H,
et al. Mid-Upper-Arm and calf circumferences are useful predictors of underweight in
women of reproductive age in northern Vietnam. Food Nutr Bull (2014) 35(3):301-11.
doi: 10.1177/156482651403500303

38. Amarantos E, Martinez A, Dwyer J. Nutrition and quality of life in older adults.
Journals Gerontology Ser A: Biol Sci Med Sci (2001) 56(Supplement 2):54-64.
doi: 10.1093/gerona/56.suppl_2.54

39. Maccarone MC, Masiero S, Papathanasiou ], Panayotov K, Kashilskah Y,
Prokopidis K, et al. Frailty education: promoting geriatric competencies among
physical medicine and rehabilitation residents. Am ] Phys Med Rehabil (2023).
doi: 10.1097/PHM.0000000000002231

40. Tournadre A, Vial G, Capel F, Soubrier M, Boirie Y. Sarcopenia. Joint Bone Spine
(2019) 86(3):309-14. doi: 10.1016/}.jbspin.2018.08.001

41. Coraci D, Fusco A, Frizziero A, Giovannini S, Biscotti L, Padua L. Global
approaches for global challenges: the possible support of rehabilitation in the
management of COVID-19. J Med Virol (2020) 92(10):1739-40. doi: 10.1002/
mv.25829

42. Agostini F, Bernetti A, Di Giacomo G, Viva MG, Paoloni M, Mangone M, et al.
Rehabilitative good practices in the treatment of sarcopenia. Am J Phys Med Rehabil
(2021) 100(3):280-7. doi: 10.1097/PHM.0000000000001572

43. Carraro U, Marcante A, Ravara B, Albertin G, Maccarone MC, Piccione F, et al.
Skeletal muscle weakness in older adults home-restricted due to COVID-19 pandemic:
arole for full-body in-bed gym and functional electrical stimulation. Aging Clin Exp Res
(2021) 33(7):2053-9. doi: 10.1007/s40520-021-01885-0

frontiersin.org


https://doi.org/10.2147/CIA.S281131
https://doi.org/10.1016/j.clnu.2017.08.016
https://doi.org/10.3390/nu12061755
https://doi.org/10.23736/S1973-9087.17.04443-4
https://doi.org/10.1097/MD.0000000000007115
https://doi.org/10.3897/folmed.64.e63530
https://doi.org/10.2147/CIA.S44198
https://doi.org/10.14310/horm.2002.1764
https://doi.org/10.1007/s00484-017-1445-7
https://doi.org/10.1007/s00484-021-02134-9
https://doi.org/10.1007/s00484-021-02134-9
https://doi.org/10.1007/s00484-022-02369-0
https://doi.org/10.1007/s00484-022-02369-0
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1177/156482651403500303
https://doi.org/10.1093/gerona/56.suppl_2.54
https://doi.org/10.1097/PHM.0000000000002231
https://doi.org/10.1016/j.jbspin.2018.08.001
https://doi.org/10.1002/jmv.25829
https://doi.org/10.1002/jmv.25829
https://doi.org/10.1097/PHM.0000000000001572
https://doi.org/10.1007/s40520-021-01885-0
https://doi.org/10.3389/fendo.2023.1194676
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Sarcopenia prevalence and association with nutritional status in cohort of elderly patients affected by musculoskeletal concerns: a real-life analysis
	Introduction
	Materials and methods
	Study design
	Participants
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


