EOGNIKON KAI KAITOAIZTPIAKON ITANEINIXTHMION AGHNQN
TMHMA NOZHAEYTIKHZ

NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS
FACULTY OF NURSING

INVESTIGATION OF DAILY LIFE AMONG OLDER ADULTS

WITH SARCOPENIA

PANA ANASTASIA
REGISTERED NURSE, BSc, MSc

PHD THESIS

ATHENS 2023



INVESTIGATION OF DAILY LIFE AMONG OLDER ADULTS
WITH SARCOPENIA



EONIKON KAI KAITOAIZTPIAKON ITANEIIIZTHMION AGHNQN
TMHMA NOXHAEYTIKHX

NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS
FACULTY OF NURSING

INVESTIGATION OF DAILY LIFE AMONG OLDER ADULTS
WITH SARCOPENIA

PANA ANASTASIA
REGISTERED NURSE, BSc, MSc

PHD THESIS

ATHENS 2023



ADVISORY COMMITTEE

ASSISTANT PROFESSOR VENETIA SOFIA VELONAKI (SUPERVISOR)
PROFESSOR PANAYOTA SOURTZI

PROFESSOR ATHENA KALOKAIRINOU

EXAMINATION COMMITTEE

ASSISTANT PROFESSOR VENETIA SOFIA VELONAKI (SUPERVISOR)
PROFESSOR PANAYOTA SOURTZI

PROFESSOR ATHENA KALOKAIRINOU

ASSOCIATE PROFESSOR NIKOLAOS FOTOS

ASSOCIATE PROFESSOR THEODOULA ADAMAKIDOU

ASSISTANT PROFESSOR PETROS GALANIS

ASSISTANT PROFESSOR MARIANNA MANTZOROU



Copyright 2023 ......ccocoeeieceeeee e for the English language throughout the
world. Intellectual property is acquired without any wording and without the need for
a non-infringement clause. However, it should be pointed out that according to Law
2387/2>(as amended by Law 100/1975 and in force today) and according to the Berne
International Convention (as ratified by Law 100/1975) the reproduction, storage in
any rescue system and in general the reproduction of this work, in any way or form in
part or in summary, in the original or in translation without any other adaptation,

without the written permission of the author, are forbidden.

“The approval of a Thesis by the Faculty of Nursing of the National and Kapodistrian
University of Athens does not entail acceptance of the author’s opinions” (Related
provisions of Article 50 of Law 1268/82, in conjunction with the provisions of the
University of Athens, Article 202 paragraph 2 of Law 5343/32).

© 2023. This work is licensed under a CC BY-SA 4.0 license.



ACKNOWLEDGMENTS

I wish to express my sincere gratitude to my supervisor Prof. Venetia Sofia Velonaki
for her expertise, encouragement, and guidance throughout the dissertation. | would
like to thank Prof. Panayota Sourtzi and Prof. Athena Kalokairinou, members of my
advisory Committee for their knowledge, feedback, and their faith in me that | can
respond successfully to this dissertation. | would like to issue a special thanks to my
brother, sister, nieces, and nephews, and my friend Katerina for their support,
encouragement, and patience when | was feeling that | cannot complete this
dissertation. Finally, 1 owe God gratitude, He gave me the strength to fulfill a dream

of mine, the completion of this dissertation.



This project is dedicated to my beloved mother and my late father
who taught me to be an independent and determined person,
without them | would never be able

to achieve my objectives and succeed in life

Iwavva Iovae

Euuovoonl Iavég



Table of Contents

18 oo 18 [od o] o USSR PRSP 10
l. LITERATURE REVIEW ... 13
O T T ] 1 SRS 14
Sarcopenia among older adUILS.............ccovvii i 14
1.1 Definition Of SAICOPENIA..........ciieieiieie ettt ens 14
1.2 Prevalence Of SArCOPENIA ........ccveieiieiieie ettt ens 15
CRAPTEE 2 ...ttt bbbt 19
CAUSES OF SAICOPENIA. ... ettt bbbt n s 19
2.1 Pathogenesis Of SArCOPENIA. ........ciiiiiiiieieeiee sttt 19
2.2 Neuromuscular degeneration.............cuueeieiieieieie st 19
2.3 OXIOALIVE STFESS ...uvvveiiieieitiesiee e ee st ettt e steeste e steesteaseesre e teeseeaseesbeaneesseenseaneeaseenseans 20
2.4 INFIAMMATION ...ttt 20
2.5 Changes iN NOrmone [BVEIS.............cov i 21
2.6 Muscle protein metaboliSM ... 21
2.7 Behavior/lifestyle faCtorS ..o 22
CRAPTEE 3 ..ttt bbbt 23
Identifying older adults at risk fOr SArCOPENIA.........cccoveriiiiiiiccee e 23
3L CaSE TINAING .ottt bbbt 23
3.2 SCIEENING TOOIS. ....c.eiieiiiiiiieiee bbbt 23
(O T 0] 1 OSSPSR 26
Diagnosis Of SAICOPENIA ........ccveiiiieiice et sre e ens 26
0 I g 4 o T[0T £ o o SRS PRURSRRRIN 26
4.2 EStIMation OF MUSCIE ME@SS ....c..oiveiiiiiiiiiieiieiee e 29

4.2.1 ANTAFOPOMETIIY ...ttt 29

4.2.2 Mid-arm muscle circumference (MAMOC) ... 29

4.2.3 Calf circumference (CC) ..ottt 30

4.2.4 IMaging tECNNIQUES........ccuoiiiiiiti e 30

4.2.5 Dual-energy X-ray absorptiometry (DXA) ... 30

4.2.6 Bioelectrical impedance analysis (BIA) ... 31

4.2.7 Computed tomography (CT) and Magnetic resonance imaging (MRI)....... 31
4.3 Evaluation of muscle Strengtn...........ccoo oo 32
4.4 Assessment of physical performance..........cccocvveiiiiii i 32



O T T T - PSSR 34

CoNSeqUENCES OF SAFCOPENIA........eeiiieieiieite ettt raesre e e eee e 34
5.1 INTFOAUCTION ...ttt bbbttt 34
5.2 FallS AN TrACTUIES .......eiiieiiiiie ettt r e nne e 34
5.3 IMONTAIITY ... 35
5.4 Impaired FUNCLIONAIITY ..........ooiiiiii e 36
5.5 Hospitalization or 1ength of StaY ..........cccooeiiiiiii e, 36
5.6 Cognitive impairment and dePreSSION .........ccvoieieeieeiieiee e 38
5.7 Poor qUality OF lIfe.....ccveieie e 39
(O T 0] 1l ST 40
Management Of SAICOPENIA .........cccuiiieiiiiece et ans 40
G T A 1 011 oo [ Tox £ T o OSSPSR 40
6.2 PRYSICAI CTIVITY .....cviieiiiicieiee bbbt 40
GI I8 N LU 4 o] o OSSPSR 41
6.4 Medical treatment OPTIONS .........coiiiiiiieieieie e 42
(O T 0] 1 OSSPSR 44
Relevance to other diSEase STALES .........cccviviiiieiiee e 44
7.1 Sarcopenia and OSTEOPOFOSIS .......ccueiieeiriiieieerie st este e e ste e e e sbe e sraesreeee e enreans 44
7.2 Sarcopenia and ODESITY .........ccciiiiiiicce e 44
R O 1ol 1= - LSRR 45
TA FTAITY .o bt 46
7.5 DYSMODIlILY SYNAIOME ... e 46
CRAPTEE 8 ...ttt bbbt 47
Sarcopenia and associated factors in daily life...........cccooiiiiiiiie, 47
8.1 DAl ACHIVITIES ....c.veceeeiieeee ettt et e s reenreeeesreeare e 47
SIS (=TT o TSSO 48
ST I o L[ [U =T OSSPSR 50
1. RESEARGCH ...t 52
CRAPTEE O ..ttt bbbt 53
1123 1 0T £ USSR 53
9.1 AIM OF The STUAY ... 53

0.1.1 ODJECHIVES ..ottt bbbttt bbbttt 53
9.2 Study design and data COHECTION .........ccooiiiiiiieiere e 54

9.2.2 DemographicC CharaCteriStiCS .........ccuiiiiiiiieiiesesieee e 54

T B = [0To T I (1] £ SR TSS 55



9.2.4 ANthropometriCc MEASUIEMENTS........ceciviiieieerie e se e e e re e 55

9.2.5 Measurement of muscle strength ..., 55
9.2.6 Measurement Of MUSCIE MASS ........cccoveiiiiiiiee e 56
9.2.7 Measurement of physical performance ............ccccooeieiiiennicneneceeen 57
9.2.8 Assessment of probable and confirmed sarcopenia.........c.ccccoccevvevviieieenenn, 58
9.3 SArCOPENIA SCIEENING ..eeveevveiteeieetestee et esteeste et e steeste e e e saeesteesaesreesseaseesseesseaseesreeseans 58
9.4 FUNCHIONAl BVAIUALION ... e 60
9.5 FAtIQUE ASSESSIMENT ......veiiiiiiieitieiie ettt ste et e e saa e te e st e e sbeaseesraesseenaesreenreans 60
9.6 SIEEP ASSESSIMENT. ...ttt ettt b bbbt 61
0.7 ETNICAI ISSUBS..... oottt sttt sttt et ebe e e sreenbeeneesreenne e 61
9.8 STatiStICAl ANAIYSIS ... 62
CRAPTEE 10 ..ottt bbbt 64
RESUITS .t b bbbttt bbb r e 64
10.1 SAmMPIe ChAFACTEIISTICS .....viveeieeieciee e 64
10.2 Greek translation and cross-cultural adaption of SARC-F .........cccoceviiieivenenne, 68
10.3 Clinical validation of the Greek SARC-F and SARC-Calf...........ccccocvvvniniininnnn, 69
10.4 The relationship between the SARC-F questionnaire and demographic
characteristics and factors in daily life ..., 74
10.5 The relationship between muscle strength and demographic characteristics
and factors IN daily [e ... 78
10.6 The relationship between probable sarcopenia and demographic
characteristics and factors in daily life ... 81
10.7 The relationship between confirmed sarcopenia and demographic
characteristics and factors in daily life ... 86
(O g =T o1 (=] I OSSP P PP PR USRS PPRO 90
I3 1T 1 151 o o USRS 90
11.1 Strengths and limitations of the Study ...........cccccveiiiiiiiciec e 96
(O T 0] =1 OSSPSR 98
(00 o Tod 01 o] ST 98
Recommendations for fUtUre reSearch...........cccoiiiiie i s 99
N ] £ - Uo! ST SS 100
TLEPUAIIWII e 104
] (= =] o0 SO 108
N e = N | I SRR 132



List of Tables

page

1 Prevalence of sarcopenia according to significant systematic reviews 16
and meta-analyses

2 Validation results of SARC-F in different languages 24

3 Methods for measurement of muscle mass, muscle strength, and 26
physical performance

4 Diagnostic criteria of sarcopenia according to international working 27
groups in chronological order

5 Sarcopenia and falls/fractures 34

6 Sarcopenia and mortality 35

7 Sarcopenia and disability or functional decline or dependency 36

8 Sarcopenia and hospitalization or length of stay 36

9 Sarcopenia and cognitive impairment and depression 38

10 | Sarcopenia and quality of life 39

11 | Characteristics of the study participants according to gender 65

12 | ‘Inter-rater reliability’ and ‘test-retest reliability’ of the Greek version 68
of the SARC-F questionnaire

13 | Population characteristics based on the SARC-F questionnaire 70

14 | Sarcopenia classification according to different definitions 72

15 | SARC-F and SARC-Calf validated against different sarcopenia 73
definitions and probable sarcopenia

16 | Bivariate relationships between demographic characteristics and factors | 74
in daily life and SARC-F questionnaire (reference category: control
group)

17 Multivariate logistic regression with SARC-F questionnaire as 77
dependent variable (reference category: control group)

18 Bivariate relationships between demographic characteristics and factors | 78
in daily life and muscle strength value

19 | Multiple linear regression with muscle strength value as dependent 81
variable

20 Bivariate relationships between demographic characteristics and factors | 82




in daily life and probable sarcopenia (reference category: control

group)

21 Multivariate logistic regression with probable sarcopenia as dependent

variable (reference category: control group)

85

22 Bivariate relationships between demographic characteristics and factors

in daily life and confirmed sarcopenia (reference category: control
group)

86

23 | Multivariate Logistic regression with confirmed sarcopenia as

dependent variable (reference category: control group)

89

Abbreviations

AIS Athens Insomnia Scale

ALM Appendicular lean mass

ASM Appendicular skeletal mass

AWGS Asian Working Group for Sarcopenia

Bl Barthel index

BIA Bioelectrical impedance analysis

BMI Body mass index

CcC Calf circumference

CClI Charlson comorbidity index

ESPEN European Society of Clinical Nutrition and Metabolism
EWGSOP European Working Group on Sarcopenia in Older People
FNIH Foundation of the National Institutes of Health

FSS Fatigue severity scale

IWGS International Working Group on Sarcopenia

PPV Positive predictive value

NPV Negative predictive value

SDOC Sarcopenia Definition and Outcomes Consortium

SIG Special Interest Groups

SMI Skeletal mass index

VAS - Visual analogue scale - Fatigue

Fatigue




Introduction

The older population is aging rapidly and worldwide (1). In 2022, globally, the
number of people aged 65 years or over was 771 million and women outnumbered
men. In the upcoming decades it is estimated that this number will be more than
double, rising up to 1.6 billion in 2050. In all the continents, the number of the older
population will increase between 2020 and 2050; it is expected to increase from 10%
in 2020 to 16% in 2050 (2).

The growth in the relative share of older people may be attributed to the
increased life expectancy, which is observed in the last decades. Moreover, the

decline in birth rates plays an unequivocally crucial role in this growth (3).

According to the current data, Europe is the first among all the continents in the
population of older adults (4). In 2022, the population of Europe (27 countries
included, EU-27) was 446.7 million. Older people (aged 65 or over) constituted
21.1% of this population, an increase of about 3.1% compared with 10 years earlier
and it is expected to account for 31.3% of the EU-27’s population by 2100. Across the
EU-27 Member States, in 2022, the older people presented the highest shares in the
total population in Italy (23.8%), Portugal (23.7%), Finland (23.1%), and Greece
(22.7%), while in Ireland (15%) and Luxembourg (14.8%) were observed the lowest
shares (3).

In 2016, the number of people aged 65 or older in the US was 49 million,
representing 15% of the population. That number is estimated to reach 71 million by
2030 and 98 million by 2060, when older people will be nearly 1/4 of the whole
population in the US (5).

The older population is also growing across the remaining regions, including
Africa, Asia, Latin America, the Caribbean, and Oceania, although at varying levels.
The older population in Asia and Latin America and the Caribbean will increase with
the rapidest pace in all regions, with Asia’s older population almost tripling in size
from 341.4 million in 2015 to 975.3 million in 2050. In Africa, the population will

remain younger than in the rest of the world due to the persisting increased birth rates.
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Nevertheless, the older African population in 2050 will be nearly four times as much
as in 2015, that is from 40.6 million in 2015 to 150.5 million in 2050 (4).

The population growth of older people has attracted the interest of scientific
society. Over the last ten years, a continuously increasing number of studies regarding
aging and geriatric medicine have been published. Their objective is to understand
thoroughly the mechanisms of primary aging processes and to discover potential ways
of early interventions. The ultimate aim is the simultaneous treatment of different age-
related conditions with the same intervention. In this way, the delay of multiple

geriatric diseases may be achieved (6).

Both the aging population and advancements in health sciences have resulted in
extended life expectancy (1). According to the World Health Organization (WHO),
current life expectancy at birth is globally 73 years. However, it varies depending on
the country, ranging between 50.75 years in Lesotho (Africa) and 84.26 years in Japan
(East Asia) (7).

As a consequence of extended life expectancy, older adults often experience
simultaneously more than two chronic conditions (1). They contribute to adverse
health outcomes, such as morbidity, mortality, institutionalization, poor quality of life,
and functional impairment. The term ‘geriatric syndromes’ is suggested by Inouye et
al. (8) as ‘those clinical conditions in older persons that do not fit into discrete disease
categories’ (p.1). Various underlying factors seem to play a role in the onset of
geriatric syndromes (8). Common geriatric syndromes include frailty, urinary
incontinence, cognitive impairment, delirium, falls, pressure ulcers, polypharmacy,

and sarcopenia (1,8).

In contrast to the past, nowadays, health professionals face the challenge to
approach older adults holistically rather than focusing on an organ system, specialty,
or disease. When older individuals are considered as patients suffering from a single
disease or multiple diseases simultaneously, then they are exposed to the risk of
inappropriate treatment due to poor understanding and approaching the clinical
conditions as a geriatric syndrome. Treating a geriatric syndrome as a whole and not a
defined disease, requires interdisciplinary care offered by various health care
professionals (physician, nurse, social worker, case manager, dietician, allied health

staff, exercise trainers, etc.), together with the patient, which is needed so that therapy
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and improvement can be achieved. Nurses have a significant role in interdisciplinary
geriatric syndromes care (9). They can contribute to the early identification of
geriatric syndromes through screening and thorough assessments. Furthermore, nurses
due to their position have the ability to refer to and cooperate with family and
appropriate community resources and disciplines accomplishing the implementation

of patient-centered interventions (1).

Over the last three decades, research has turned its attention into understanding
and treating sarcopenia. Some researchers consider sarcopenia as an age-related
disease, others as a classical syndrome, and others as a geriatric syndrome. The
supporters of the last view highlight that sarcopenia is not a disease, since it does not
present with single and clear pathophysiological and clinical characteristics, nor a
classic syndrome, since classic syndromes present with well-defined symptoms, even
though the cause and/or the pathogenesis are not always completely understood (10).
Nonetheless, in 2016, sarcopenia was included for the first time in the International
Statistical Classification of Diseases and Related Health Problems (ICD-10-CM) list
with the code M62.84. According to ICD-10, sarcopenia belongs to muscles disorders
(11). Undoubtedly, either as a geriatric syndrome or disorder, sarcopenia is a highly

prevalent condition among older adults, with a huge economic and social burden (12).

Still, a major challenge remains to be further investigated and especially the
possible associations between sarcopenia and the characteristics, habits, and activities
in the daily life of older adults. Demographic characteristics, chronic diseases,
medication, functionality, fatigue, and sleep pattern differ in the aging population and

may be related to the risk of sarcopenia or even to confirmed sarcopenia.

Health professionals, especially nurses, who spend a lot of time working next to
older adults — either in hospital or in the community and long-term care - may detect
related factors to sarcopenia and refer these individuals to experts for further
examination. The early recognition of signs related to sarcopenia is crucial for the

early prevention and management of sarcopenia.
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Chapter 1

Sarcopenia among older adults

1.1 Definition of sarcopenia

In 1989, Irwin Rosenberg first suggested the Greek term ‘sarcopenia’ (meaning
‘sarx’ for flesh and ‘penia’ for loss) to describe the loss of muscle mass or lean body
mass among older people (13). The author proposed that it might be necessary, a
Greek word to be used for this condition in parallel with osteoporosis or osteopenia so
that it can be taken seriously. However, the first reference about the loss of muscle
strength, and even muscle mass, with aging comes back in 1931 (14). Baumgartner et
al. proposed an operational definition of sarcopenia in 1998. Sarcopenia was defined
as appendicular skeletal muscle mass (ASM) kg/height? (m?), measured by dual-
energy X-ray absorptiometry (DXA) being less than two standard deviations below
the mean of a young reference group (15). In 2010, the European Working Group on
Sarcopenia in Older People (EWGSOP) defined sarcopenia as a syndrome
characterized by progressive and generalized loss of skeletal muscle mass and
strength with a risk of adverse outcomes, including disability and poor quality of life,
and proposed the coexistence of two factors: low muscle mass and low muscle
function (strength or performance) as the criterion for sarcopenia (16). According to
the updated operational definition of sarcopenia (EWGSOP2) by EWGSOP, low
muscle strength is suggested as the key characteristic of sarcopenia. Detection of low
muscle quantity and quality is used to confirm the sarcopenia diagnosis, and
additionally, poor physical performance is indicative of severe sarcopenia (17). This is
the only definition endorsed by a range of international scientific societies (European
Geriatric Medicine Society; The European Society for Clinical Nutrition and
Metabolism; The European Society for Clinical and Economic Aspects of
Osteoporosis,  Osteoarthritis, and  Musculoskeletal Diseases; International
Osteoporosis Foundation; and International Association of Gerontology and Geriatrics

European Region) for clinical practice and research (18). Other international working
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groups on sarcopenia have also published definitions and related diagnostic criteria.
By these groups, the most usually met definitions in the literature are those by the
Special Interest Groups (SIG) (19), International Working Group on Sarcopenia
(IWGS) (20), Society on Sarcopenia, Cachexia and Wasting Disorders (21),
Foundation of the National Institutes of Health (FNIH) (22), Asian Working Group
for Sarcopenia (AWGS) (23), AWGS2 updated in 2019 (24), and European Society of
Clinical Nutrition and Metabolism (ESPEN) (25). Despite the progress and several
updates that have been made regarding the definition of sarcopenia, a universally

accepted definition as well as consensus on diagnostic criteria are still lacking (26,27).

In 2018, the Sarcopenia Definition and Outcomes Consortium (SDOC)
presented thirteen position statements informed by a literature review and SDOC’s
analyses of eight epidemiologic studies, six randomized clinical trials, four cohort
studies of special populations, and two nationally representative population-based
studies. These statements were reviewed by an independent international expert panel
iteratively and voted on by the panel during the Sarcopenia Position Statement
Conference. The panel highlighted the importance of both weakness defined by low
grip strength and slowness defined by low usual gait speed to be included in the

definition of sarcopenia (28).

1.2 Prevalence of sarcopenia

The prevalence of sarcopenia varies across different population settings,
ethnicities, sociodemographic characteristics, and according to the definitions, the
diagnostic methods, and the cutoffs used (29,30). In community-dwelling older adults
ranges between 1-29% by using the most widely accepted definitions, but reaches
40.4%, when using less common criteria such as the appendicular lean mass divided
by weight (ALM/weight). In nursing homes, the prevalence varies between 14% and
73.3%, and among hospitalized older adults between 10% and 24%. Sarcopenia is
more prevalent in Oceania depending on the EWGSOP definition, while the lowest
prevalence is observed in Europe using the EWGSOP2 definition (30). The results of
some recently published systematic reviews and meta-analyses regarding the

prevalence of sarcopenia in the whole world are presented in Table 1. Sarcopenia as a

15



comorbid disease is highly prevalent in individuals with cardiovascular disease

(CVD), dementia, diabetes mellitus, and respiratory disease (31).

Table 1. Prevalence of sarcopenia according to significant systematic reviews and

meta-analyses

Study Setting Definition Prevalence
Cruz-Jentof et | Older adults EWGSOP1 Prevalence of sarcopenia varied
al. 2014 aged > 50 between, 1-29% in community-
(32) years old dwelling populations, 14-33% in
Systematic Community- nursing homes, and 10% in acute
review dwelling hospitalized older adults (only
nursing one study included).
home/geriatric
settings and
hospital
Shafiee etal. | Community- | According to The overall estimate of
2017 dwelling older | EWGSOP1, prevalence was 10% (95% CI: 8-
(33) adults aged > | IWGS, and 12%) in men and 10% (95% CI:
Systematic 60 yearsold | AWGS 8-13%) in women, respectively.
review and definitions Among the non-Asian population,
meta- the prevalence was higher than
analysis among Asian older adults, in both
genders especially, when BIA
was used to measure muscle mass
(19% vs 10% in men; 20% vs
11% in women).
Mayhew et al. | Community- | According to The lowest prevalence estimates
2018 dwelling older | EWGSOP1, were observed for the
(34) adults aged > | AWGS, IWGS, | EWGSOP/AWGS (12.9%, 95%
Systematic 60 years old FNIH, and Cl: 9.9-15.9%), IWGS (9.9%,
review and ALM/height, 95% CI: 3.2-16.6%), and FNIH
meta- ALM/weight, (18.6%, 95% CI: 11.8-25.5%)
analysis ALM/BMI definitions. The highest
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definitions

prevalence estimates were found
for the ALM/weight (40.4%, 95%
Cl: 19.5-61.2%), ALM/height
(30.4%, 95% CI: 20.4-40.3%),
ALM regressed on height and
weight (30.4%, 95% ClI: 20.4-
40.3%), and ALM/BMI (24.2%,
95% CI: 18.3-30.1%) definitions.

Shen et al. Older adults | According to The reported pooled prevalences

2018 aged > 60 EWGSOP1 and | of sarcopenia based on

(35) years old SMI criteria EWGSOP1 definition and SMI

Systematic Nursing were 41% (95% CI: 32-51%) and

review and homes 59% (95% CI: 24-93%),

meta- respectively. The pooled

analysis prevalences of EWGSOP1
defined sarcopenia in women and
men were 46% and 43%
respectively.

Rodriguez- Older adults | According to The prevalence of sarcopenia

Rejon et al. aged > 60 EWGSOP1 and | ranged widely between 17.7-

2019 (36) years old muscle mass 73.3% in long term-care homes

Systematic Nursing estimation (e.g., | and between 22-87% in assisted-

review homes and SMI) living facilities.

assisted-living

facilities

Papadopoulou | Older adults | According to The prevalence of sarcopenia in
et al. 2019 aged > 60 EWGSOP1, community-dwelling subjects was
(37) years old AWGS, and 11% (95% CI: 8-13%) in men and
Systematic Community- | IWGS 9% (95% CI: 7-11%) in women.
review and dwelling definitions The prevalence of sarcopenia in
meta- nursing nursing home subjects 51% (95%
analysis home/geriatric Cl: 37-66%) in men and 31%

settings and

(95% CI: 22-42%) in women and
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hospitals in hospitalized subjects was 23%

(95% CI: 15-30%) in men and
24% (95% Cl: 14-35%) in
women.

Fernandes et | Community- | According to The sarcopenia prevalence ranged

al. 2021 (38) | dwelling older | EWGSOP1 and | between 6.2-35.3% for the

Systematic people aged > | EWGSOP2 EWGSOP1, and between 3.2-

review 60 years 26.3% for the EWGSOP2
definition.

Petermann- Individuals According to The prevalence ranged from 10 to

Rocha et al. aged > 18 EWGSOP1], 27% in individuals > 60 years.

2022 (30) years EWGSOP2,

Systematic AWGS, FNHI,

review and and IWGS

meta- definitions and

analysis muscle mass

estimation

Almohaisen Community- | According to The reported overall prevalence

et al. 2022 dwelling EWGSOP1, of sarcopenia was 14% (95% CI:

(39) people aged > | AWGS 9-20%).

Systematic 50 years definitions and

review and SARC-F

meta-

analysis

Abbreviations: EWGSOP1, European Working Group on Sarcopenia in Older People
2010; EWGSOP2, updated definition in 2019 by European Working Group on
Sarcopenia in Older People; IWGS, International Working Group on Sarcopenia;
AWGS, Asian Working Group for Sarcopenia; FNIH, Foundation of the National

Institutes of Health; SMI, skeletal muscle index; ALM, appendicular lean mass; BMI,

body mass index; BIA, Bioelectrical impedance analysis
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Chapter 2

Causes of sarcopenia

2.1 Pathogenesis of sarcopenia

Sarcopenia has a complex and multifactorial pathogenesis. Most researchers
agree to the following causal factors: neurodegenerative changes resulting in loss of
muscle motor units, oxidative stress, inflammation, changes in hormone levels and
sensitivity (e.g., insulin resistance), and altered muscle protein metabolism (increased
catabolic stimuli and decreased anabolic stimuli). Additionally, behavior/lifestyle
factors, such as poor nutritional status and decreased physical activity are involved in
the pathogenesis pathway of sarcopenia. All those factors contribute to the
progressive deterioration in skeletal muscle mass and function (40-42).

Some researchers classify sarcopenia regarding the mechanism of pathogenesis
into two categories, primary and secondary sarcopenia (41,43). Sarcopenia is
considered “primary” (or age-related) when no other evident cause of a gradual onset
is present in an older person, while sarcopenia is considered “secondary” when it can
be attributable to other causes rather than aging, such as malignancy, organ failure,
the consequence of cancer surgery or systemic antineoplastic therapies or due to bed
rest because of a chronic disease or hospitalization, endocrine disease, and “nutrition-
related sarcopenia”, related to malnutrition, malabsorption, or gastrointestinal

disorders (17,40,43).

2.2 Neuromuscular degeneration

Due to aging, atrophy of muscle fibers occurs, mainly type Il (fast and
glycolytic), along with a gradual decrease in size/volume which lead to a replacement
of muscle by fat and connective tissue (40). Myostatin (GDF-8) contributes to this
atrophy by causing the formation of the transcription-altering SMAD protein
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complex. Also, myostatin seems to hold back the effects of PGC-1a, a transcriptional
coactivator that promotes mitochondrial biogenesis and inhibits the transcriptional
activity of FoxO (26).

2.3 Oxidative stress

Oxidative stress is characterized by dysfunction in the maintenance of balance
in oxidant and antioxidant levels. The aging process is known to predispose skeletal
muscle to increased levels of oxidative stress (44). As a consequence of the oxygen
consumption in a great amount by the skeletal muscles, reactive species of nitrogen
and oxygen (RONS) are generated. Increased RONS production in muscles may be
caused by various mechanisms such as mitochondrial dysfunction, the impaired
ability of muscle cells to remove dysfunctional mitochondria, and the atrophy of type
Il fibers, which lead, as above-mentioned to a replacement of muscle by fat and
connective tissue (40). Mitochondrial dysfunction occurs due to their reduction, the
loss of mitochondrial enzymes, mitochondrial DNA mutations, and, eventually, due to
alterations in fatty acid beta-oxidation and the function of the mitochondrial
respiratory chain (29). The intracellular oxidative stress results in chronic low-grade
inflammation, by inducing the activation of the immune system (40,44) and increases

the risk of insulin resistance in aging skeletal muscle (45).

2.4 Inflammation

It is already known that older adults may have increased serum levels of
inflammatory markers, such as tumor necrosis factor-alpha (TNF-a), interleukin (IL)-
6, IL-1, and C-reactive protein (CRP) (40). Also, increased concentrations of the
inflammatory cytokines I1L-6 and TNF-a have been found in sarcopenic older adults,
proposing that chronic inflammation has an active role in the pathogenesis of
sarcopenia (26). That has been attributed to both direct catabolic effects and indirect
mechanisms. Pro-inflammatory cytokines such as TNF-a have a significant impact on
appetite, leading to anorexia and weight loss (44). Also, inflammation promotes

skeletal muscle insulin resistance, as suggested in animal studies (45).
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2.5 Changes in hormone levels

Sarcopenia and aging share common alterations in hormone levels. That
possibly explains the decline of sex hormones (e.g., testosterone and
dehydroepiandrosterone [DHEA]), growth hormone (GH), and IGF-1, observed in
sarcopenic patients (40). Testosterone declines in men with aging contributing to the
decrease in muscle mass and bone strength (26,46). Estrogen reduction seems to be
associated with low muscle strength in women after age 55 (26). Reduced levels of
GH and IGF-1 are responsible for the increase in visceral fat and decrease in lean
body mass (LBM) as well as bone mineral density (BMD) (40).

The relationship between sarcopenia and insulin seems to be based on a vicious
circle. In older adults, skeletal muscle protein synthesis is hindered by resistance to
the anabolic action of insulin (46). Inversely, decreased skeletal muscle mass and
strength caused by sarcopenia can increase the risk of insulin resistance in aging
skeletal muscle, as it has been found in animal studies by using myostatin inhibitors,
which improved sarcopenia (45).

Moreover, in several studies, it has been found that vitamin D deficiency is
associated with decreased muscle strength and low physical activity (46). In the aging
process cortisol levels increase, a condition known as hypercortisolism. That has been
found especially in evening cortisol measurements in male older individuals.
Increased exposure to corticosteroids — together with the reduction of the lipolytic
effects of declining GH levels — may contribute to the age-dependent increase of
visceral fat and decreased LBM and BMD (47).

2.6 Muscle protein metabolism

Proteins are the main component of muscle mass, reaching 88% in
concentration by dry weight. Therefore, muscle mass depends to a great degree on the
balance between protein synthesis and degradation. When this balance is disrupted

and remains over chronic periods, then muscle mass dysfunction occurs. In
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sarcopenia, it seems that muscle proteolysis exceeds muscle protein synthesis, leading

gradually to loss of muscle mass (48).

2.7 Behavior/lifestyle factors

Changes in behavioral factors are common in older people, contributing to the
onset of sarcopenia, but they can possibly be reversed. Anorexia of aging has an
impact on appetite, food intake, and protein consumption, in particular. Anorexia is
caused by age-related loss of appetite, sense of taste and smell, poor oral health,
gastrointestinal changes (i.e., delay in gastric emptying and elevated cholecystokinin
levels), dementia, depression, disability, and social environment (40). Except for
anorexia, malabsorption, limited access to healthy foods or limited ability to eat can
also cause sarcopenia. Physical inactivity promotes sarcopenia either due to a usual

sedentary lifestyle or to disease-related impaired mobility (17).
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Chapter 3

Identifying older adults at risk for sarcopenia

3.1 Case finding

Identification of potential sarcopenic older adults is the first step in a pathway
towards the implementation of strategies aiming at inhibition of disability and other
adverse consequences (49).

In clinical practice, when older individuals present with symptoms indicative of
sarcopenia, such as falling, feeling weak, slow walking speed, difficulty rising from a
chair, or weight loss/muscle wasting, then further investigation for sarcopenia is
recommended. EWGSOP2 recommends the use of the SARC-F questionnaire as a
screening tool for sarcopenia, but other various screening tools also exist in clinical or

research practice (17).

3.2 Screening tools

Seven validated screening tools are found more frequently in the literature, that
have been developed to identify older adults at risk for sarcopenia (50,51). Those are
the two-step algorithm of the EWGSOP1 (16), the SARC-F questionnaire by
Malmstrom et al. (52), a shorter version of SARC-F by Woo et al. (53) the Mini
Sarcopenia Risk Assessment (MRSA) by Rossi et al. (54), the screening grid from
Goodman et al. (55), the score chart of Ishii et al. (56), and the prediction equation of
Yuetal. (57).

The two-step algorithm of the EWGSOPL1 relies on gait speed measurement as
the easiest and most reliable way to begin sarcopenia case finding or screening in
practice. If gait speed is too slow (< 0.8 m/s), muscle mass must be estimated. If gait
speed is > 0.8 m/s, then the assessment of grip strength follows. If grip strength is
low, then muscle mass must be estimated (16). The updated EWGSOP2 definition has
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replaced the two-step algorithm and suggests now the SARC-F as a screening tool for

sarcopenia (17).

The SARC-F questionnaire is widely used and consists of 5 items: Strength,
Assistance with walking, Rise from a chair, Climb stairs, and Falls. The scores range
from 0 to 10, with 0 to 2 points for each component. A score equal to or greater than 4
is predictive of sarcopenia and poor outcomes (52). SARC-F is an easy-to-use,
inexpensive tool, useful in clinical practice. It has been translated and validated into
multiple different languages. SARC-F has a low-to-moderate sensitivity and a very
high specificity to predict low muscle strength (Table 2). Therefore, SARC-F will
mostly detect severe cases of sarcopenia (17). Because of its low sensitivity, some
researchers suggest it to be used in specific populations such as adults in hospitals or
nursing homes (58). Also, a shorter version of SARC-F with 3 questions (strength,
stair climbing, and assistance with walking) is available (SARC-F-3) by Woo et al.
(53). Other researchers propose the SARC-F in combination with the measurement of

calf circumference (CC) as a screening tool for sarcopenia (51).

Table 2. Validation results of SARC-F in different languages

SARC-F Sensitivity Specificity PPV NPV
Italian (59) 11-36% 77.3-100% / /

Japanese (60) 47% 78% 69% 58%

Polish (61) 33.3-50% 84.6-85.2% 30-36.7% 83.1-93.1%
Thai (62) 21.5% 93.7% 50% 80.3%
Polish (63) 92.9% 98.1% 92.9% 98.1%
Romanian (64) 65% 68.3% 40.6% 85.4%
German (65) 50-75% 47-67% 7-68% 74-94%
Japanese (66) 5.3-8% 97-97.5% 16.7-41.7% | 77.9-90.3%
Spanish (67) 78.3-81.3% 48.7-50.8% 25.5-35.3% | 87.2-92.3%
Turkish (68) 25-50% 81.4-82.4% / /

Korean (69) 17.9-43.5% 90.6-92.6% 8.1-36.6% 88.8-98.8%
French (70) 22.1-75% 84.9-87.1% 17.3-44.2% | 68.1-98.8%
Portuguese (71) 58.9% 82.1% 69.4% 74.4%
Mexican (72) 28.3-35.6% 82.2-83.3% 17-30.8% 81.6-92.6%
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Chinese (73) Men 3.8-4.8% | Men 98.7- | Men  25.8- | Men 78.4-91%
Women 8.2- | 99.1% 54.8% Women 82.2-
9.9% Women 94.2- | Women 8.4- | 94.9%
94.6% 25.2%

MSRA is a questionnaire either with 5-items (MSRA-5) or 7-items (MSRA-7).
The first version of MSRA-7 consists of the following items: age, hospitalization in
the preceding year, level of activity, regularity of meals, daily dairy consumption,
daily calorie consumption, and weight loss > 2 kg in the preceding year. In the short
version of MSRA-5, dairy and calorie consumption have been excluded. A score of 30
and 45 on MSRA-7 and MSRA-5, respectively, indicates sarcopenia (54).

The score chart of Ishii et al. specific for each sex, estimates with high accuracy
the probability of sarcopenia based on age, grip strength, and CC. It has reasonable
sensitivity and specificity, but it requires specific measurements. Score in men is
0.62x(age-64)-3.09%(grip  strength-50)-4.64x(calf
circumference-42). Probability in men: 1/1[1+e-(sum score/10-11.9)]. Score in
women:  0.80%(age-64)-5.09%(grip  strength-34)-3.28%(calf
Probability in women:1/1[1+e-(sum score/10-12.5)] (56).

calculated as follows:

circumference-42).

Goodman et al. proposed the identification of probable sarcopenia primarily in
those with low body mass index (BMI) specific to age and sex, as a screening tool in
clinical practice. It provides, according to the age and the BMI of the subject, the
probability (%) of low muscle mass. Subjects with a probability (given by the grid)
above 70% in men and above 80% in women are considered as having low muscle

mass and therefore, they are at risk of sarcopenia (55).

Yu et al. proposed the use of an anthropometric prediction equation (PE),
together with a performance measure (e.g., gait speed) as part of a ‘“rule-out”
screening test for sarcopenia. Anthropometric PE is based on four parameters: weight,
BMI, age, and sex. ASM predicted by the following equation: 10.05+0.35(weight)-
0.62(BMI)-0.02(age)+5.10(if male). Subjects presenting a score, derived from the PE,
below the 20" percentile value were considered at risk of sarcopenia (57).
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Chapter 4

Diagnosis of sarcopenia

4.1 Introduction

The evaluation of sarcopenia requires objective measurements of its
components, namely, muscle strength, muscle mass, and physical performance.
Several methods of evaluating sarcopenia currently used include walking speed for
evaluation of physical performance, grip strength for the muscle strength assessment,
and CC, bioelectrical impedance analysis (BIA), DXA, and imaging methods
(computerized tomography-CT and magnetic resonance imaging-MRI) for measuring
muscle mass (Table 3). None of these methods are very sensitive or specific for
evaluating sarcopenia. Consequently, to date, there is no consensus method to
diagnose sarcopenia (74). According to the above-mentioned definitions of
sarcopenia, there have been also developed the following available diagnostic criteria
(Table 4).

Table 3. Methods for measurement of muscle mass, muscle strength, and
physical performance

Muscle mass Muscle strength Physical performance
Anthropometry (e.g., | Grip strength Usual gait speed

CC)

Dual-energy X-ray Knee flexion/extension Short physical performance
absorptiometry (DXA) battery (SPPB)

Bioelectrical impedance | Repeated chair stand test | Timed get-up-and-go  test
analysis (BIA) (CST) (TUG)

Computed tomography

(CT)

Magnetic resonance

imaging (MRI)
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Table 4. Diagnostic criteria of sarcopenia according to international working

groups in chronological order

International working groups

Sarcopenia definition

European  Working

Older

Group on
Sarcopenia in

EWGSOP1 (16)

people -

Diagnosis is based on documentation of low
muscle mass (technique-specific cut-points,
DXA or BIA) plus low muscle strength (grip
strength < 30 kg in men and < 20 kg in
women) or low physical performance (gait
speed < 0.8 m/s).

Special Interest Groups - SIG (19)

Low muscle mass (> 2 SDs below the mean
measured in young adults of the same sex
and ethnic background) plus low physical
function (gait speed < 0.8 m/s).

International Working  Group

Sarcopenia -IWGS (20)

on

Low muscle mass, ALM/height’® (< 7.23
kg/m? in men and < 5.67 kg/m? in women)
and physical performance (gait speed <

1m/s).

Society on Sarcopenia, Cachexia and
Wasting Disorders (21)

Low physical function (gait speed < 1.0 m/s
or < 400 meters walked during 6 min) plus
low ALM (> 2 SDs below the mean
measured in healthy persons aged 20-30

years old from the same ethnic group).

Foundation of the National Institutes
of Health -FNIH (22)

As per the EWGSOP definition, using cut-
points for grip strength and ALM adjusted
for BMI. Low muscle mass (ALM < 19.75
kg in men and < 15.02 kg in women, or
ALMgmi < 0.789 in men and < 0.512 in
women with DXA) plus low muscle strength
(grip strength < 26 kg in men and < 16 kg in

women).

Asian Working Group for Sarcopenia -
AWGS (23)

Describes sarcopenia as low muscle mass
(7.0 kg/m? for men and 5.4 kg/m? for
women by using DXA and 7.0 kg/m? for
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men and 5.7 kg/m? for women by BIA) plus
low muscle strength (< 26 kg for men and <
18 kg for women) and/or low physical

performance (gait speed < 0.8 m/s).

European Society of Clinical Nutrition
and Metabolism - ESPEN (25)

Endorsement of the EWGSOP definition.

EWGSOP updated as EWGSOP2 (17)

Probable sarcopenia is identified by low
muscle strength (grip strength < 27 kg for
men and < 16 kg for women, or > 15s for
five rises in CST. Diagnosis is confirmed by
low muscle quantity or quality (ASM < 20
kg for men and < 15 kg for women, or
ASM/height? < 7.0 kg/m? for men and < 5.5
kg/m? for women. DXA or if not possible
BIA in clinical practice and MRI or CT in
research. If low physical performance is
present, then sarcopenia is considered severe
(gait speed < 0.8 m/s or SPPB < 8 points
score or TUG > 20s or 400 m walk test no
completed or > 6 min for completion. The
SARC-F questionnaire is recommended as a

screening tool for sarcopenia risk.

AWGS2 updated as AWGS 2019 (24)

Retains the previous definition of sarcopenia
but revises the diagnostic algorithm, and
criteria for low muscle strength (< 28 kg for
men and < 18 kg for women) and low
physical performance (6-m walk < 1.0 m/s,
SPPB score < 9, or 5-time CST > 12
seconds. Also proposes separate algorithms
for community vs hospital settings and
introduces “possible sarcopenia,” defined by

either low muscle strength or low physical

performance only.
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Sarcopenia Definition and Outcomes | The SDOC defined sarcopenia based only
Consortium — SDOC (28) on muscle strength and function. The cutoff
for grip strength is < 20 kg for women and <
35.5 kg for men. The cutoff for gait speed is

in aggrement with many other consensus

groups at < 0.8 m/s.

Abbreviations: DXA, dual-energy X-ray absorptiometry; BIA, bioelectrical
impedance analysis; ALM, appendicular lean mass; BMI, body mass index; CST,
chair stand test; ASM, appendicular skeletal muscle mass; MRI, magnetic resonance
imaging; CT, computed tomography, SPPB, short physical performance battery;
TUG, timed up and go test

4.2 Estimation of muscle mass

4.2.1 Anthropometry

In primary care, as well as in the community is neither feasible nor practical the
use of imaging techniques for the measurement of muscle mass. Therefore,
anthropometry offers an indication of both health and nutritional status. Mid-arm
muscle circumference (MAMC) and CC have been used for the screening, but not for
the diagnosis of sarcopenia (75).

4.2.2 Mid-arm muscle circumference (MAMC)

The mid-arm circumference is measured using a standard flexible measuring
tape on the dominant upper arm, at the mid-point between the olecranon process of
the shoulder. Triceps skinfold thickness is measured using a conventional skinfold
caliper. MAMC is then calculated by the formula: MAMC=mid-arm circumference—
(3.14xtriceps skinfold thickness) (75,76).
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4.2.3 Calf circumference (CC)

CC is measured using an inelastic tape, with a resolution of 1 mm. CC can be
recommended to measure on either side in the standing position regardless of the
dominant hand for screening sarcopenia in community-dwelling ambulatory older
adults (77). Other researchers suggest that CC is measured on the left leg (or the right
leg for left-handed persons) with the person in a sitting position with the knee and
ankle at a right angle, and the feet resting on the floor (75). Two cutoff points are the
most usually used in the existing literature: CC < 31 c¢m for both sexes or CC <33 cm

for women and CC < 34 c¢m for men (78).

4.2.4 Imaging techniques

There are several imaging techniques for the estimation of muscle mass. There
are classified according to their reliability, applicability in different settings, and the

cost-benefit relationship.

4.2.5 Dual-energy X-ray absorptiometry (DXA)

DXA measures the absorption of two X-ray photon energies, typically near 40—
47 keV and 70-80 keV. The measurement of transmitted intensities at two photon
energies makes possible the differentiation of bone, fat mass, and soft tissue lean mass
(non-bone and non-fat soft tissue), based on different X-ray attenuation of tissues.
Also, using DXA the amount of fat and lean tissue in each body part, such as the left
arm or right leg can be measured separately. The ALM value (which is the sum of the
upper and lower limbs’ lean mass) is generally used to measure muscle mass with
DXA. Additional advantages of DXA are the relatively low radiation exposure, low
cost as compared to those of a CT scan, its ease of use, and the simultaneous

evaluation of bone issues (79-81).

Limitations of DXA include a lack of portability, a lack of accuracy in
estimating truncal fat and muscle, and difficulty to measure trunk muscles, such as

chest and back muscles. Therefore, measurements of fat mass and muscle mass are
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generally derived from arms and legs, which might over/underestimate the extent of
sarcopenia and obesity. Also, hydration status and the presence of edema can
influence the measured values. Nevertheless, the ability to evaluate the whole body
(trunk and extremities) very easily is the most attractive characteristic of DXA as
compared to CT and MRI (79-81).

4.2.6 Bioelectrical impedance analysis (BIA)

Bioelectrical impedance analysis (BIA) is a widely used method for evaluating
body composition, through specific electrical characteristics (i.e. impedance ¥4 Z and
phase angle 4 PhA) of the human body (82). Actually, BIA estimates indirect muscle
mass via whole-body electrical conductivity (18). Regarding body compartments, fat-
free mass (FFM), skeletal muscle mass (SM), or ASM can be accessed by means of
predictive equations including BIA variables and almost always age, height, and
weight (82). BIA’s advantages are that it is portable, affordable, and well tolerated,
easy to use tool, being useful for epidemiological, clinical, and follow-up studies. BIA
has been considered to have a high concurrent validity in the muscle mass estimation,
in people with normal hydration status and weight. The method has a good mean-
group level accuracy but shows a large variability at the individual level. The
necessary use of an adequate equation/BIA device and the use of adopted population-
specific cutoff points pose a risk to the right measurement and the interpretation of the
results (83).

4.2.7 Computed tomography (CT) and Magnetic resonance imaging (MRI)

Both methods provide high accuracy and reproducible results in estimating
muscle mass, enabling as well as the body mass composition differentiation.
Additionally, MRI can detect muscle edema and changes in muscle structure. MRI is
not allowed for some patients due to specific contraindications. In contrast to MRI,
CT exposes the examined persons to high radiation. The absence of validated
thresholds for both techniques, the lack of portability, the high cost, and the complex

post-processing are their main disadvantages (79,81).
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4.3 Evaluation of muscle strength

The most commonly used techniques to evaluate muscle strength include grip
strength (or handgrip), lower limb muscle strength, and repeated CST. Grip strength
and knee extension (as a measure of lower limb muscle strength) are highly
correlated. However, lower limb disabilities and age-related functional impairment
may have an impact on leg strength. In addition, measurement of grip strength is more
feasible and inexpensive and can be applied also in bedridden individuals. Therefore,
it is preferred to be used in study populations, where older adults are included. The
most common method for measuring muscle strength is using a hand dynamometer.
Patients are considered to have weak strength if they cannot exert an appropriate grip
force on the hand-held device (84). CST is a time-consuming test that requires
participants to rise from a chair without using their arms and return to the seated
position, consecutively, five times. It seems that it provides a reasonably reliable and

valid indication of lower body strength (85).

4.4 Assessment of physical performance

The estimation of gait speed is the most commonly used method for the
assessment of physical performance, performed by the majority of clinicians. It is
practicable, without requiring special equipment (85). Various working groups on
sarcopenia have proposed the usual gait speed < 0.8 or 1.0 m/s as one of the

diagnostic criteria for sarcopenia (Table 4).

Gait speed can be performed alone or as part of a test battery, the most popular
of which is the SPPB. The SPPB is a composite of three separate tests, an assessment
of gait speed (over 3—4 m), a balance test, and a repeated CST. A maximum score of
12 points can be achieved (85). The test is indicative of functional outcomes in
clinical trials for frail older persons and it can also be used as an effective standard
measure of physical performance in clinical settings (49).

TUG is another usual test of physical performance, that examines the time
required to accomplish a series of functionally critical tasks (86). Those tasks include
standing up from a chair, walking a specific distance, turning around, walking back,
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and sitting down again. It is a measure of dynamic balance and is estimated on a five-

point scale (49).
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Chapter 5

Consequences of sarcopenia

5.1 Introduction

Sarcopenia is a risk factor for falls, fractures, disability, dependency, poor
quality of life, cognitive impairment, depression, institutionalization, hospitalization,
and mortality (42,87,88). The high prevalence of sarcopenia among nursing home
residents, as described above, is indicative of an association between sarcopenia and
institutionalization. Researchers came to these findings after conducting several
cohort studies, systematic reviews, and meta-analyses. The main findings of the
related systematic reviews and meta-analyses are shown in Tables 5 — 10. In the last
years, the impact on quality of life can be evaluated with the disease-specific, self-
administrated sarcopenia-related QoL questionnaire, the SarQoL questionnaire. This
instrument includes 22 questions and seven domains of dysfunction: Physical and
Mental Health, Locomotion, Body composition, Functionality, Activities of daily
living, Leisure activities, and Fear (89). However, a systematic review or a meta-

analysis based on this instrument is still lacking in the literature.

5.2 Falls and fractures

Table 5. Sarcopenia and falls/fractures

Study Results

Beaudart et al. 2017 (90)
Systematic review and

meta-analysis

Regarding falls and recurrent falls, association with
sarcopenia was found in the two included studies [HR 3.23
(95% CI: 1.25-8.29) and OR 2.38 (95% ClI: 1.75-3.23)]. The
impact of sarcopenia on the incidence of fractures was less
clear (only 1/2 studies showed an association). In this one
study the HRs varied from 3.75 (95% CI: 2.64-5.32) for men
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to 2.8 (95% CI: 1.72-4.58) for women in the crude model
and from 3.79 (95% CI: 2.65-5.41) for men and 2.27 (95%
Cl:

model.

1.37-3.76) for women in the multivariable adjusted

Yeung et al. 2019 (91)
Systematic review and

meta-analysis

Sarcopenic subjects had a significant higher risk of falls
(cross-sectional studies: OR 1.60; 95% CI: 1.37-1.86, p <
0.001, 1> = 34%; prospective studies: OR 1.89; 95% CI:
1.33-2.68, p < 0.001, 1> = 37%) and fractures (cross-
sectional studies: OR 1.84; 95% CI: 1.30-2.62, p = 0.001, I?
= 91%; prospective studies: OR 1.71; 95% CI: 1.44-2.03, p
=0.011, 12 = 0%) compared with non-sarcopenic subjects.

Wong et al. 2019

Systematic review (92)

The prevalence of sarcopenia after fragility fracture ranged
from 12.4-95% in men to 18.3-67.7% in women.

Zhang et al. 2020 (93)
Systematic review and

meta-analysis

Sarcopenia was associated with falls among community-
dwelling adults (OR 1.69; 95% CI: 1.43-2.00), but not

among nursing home older individuals.

*HR, hazard ratio; OR, odds ratio; Cl, confidence interval; 12, I-squared statistic; p, p

value

5.3 Mortality

Table 6. Sarcopenia and mortality

Study

Results

Chang and Lin 2016 (94)
Systematic review and

meta-analysis

The result suggested that the risk of mortality in the
sarcopenic persons was higher than that in the non-
sarcopenic persons (HR 1.87; 95% ClI: 1.61-2.18).

Liu etal. 2017 (95)
Systematic review and

meta-analysis

The pooled HRs of all-cause mortality from the
combination of included studies suggested subjects with
sarcopenia had a significantly higher rate of mortality
(pooled HR 1.60; 95% ClI: 1.24-2.06, 1> = 27.8%, p =

0.216) than subjects without sarcopenia.

Beaudart et al. 2017 (90)

The results showed a higher rate of mortality among
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Systematic review and

meta-analysis

sarcopenic subjects (pooled OR 3.596; 95% CI. 2.96—

4.37) than nonsarcopenic.

Zhang et al. 2018 (96)
Systematic review and

meta-analysis

Sarcopenia was significantly associated with a higher risk
for all-cause mortality among nursing home residents
(pooled HR 1.86; 95% CI: 1.42-2.45, 1= 0%, p < 0.001).

*HR, hazard ratio; OR, odds ratio; CI, confidence interval; 12, I-squared statistic; p, p

value

5.4 Impaired functionality

Table 7. Sarcopenia and disability or functional decline or dependency

Study Results

Visser and Schaap, 2011 | Poor muscle functioning, as indicated by poor muscle
(97) strength or poor muscle power, compared with low
Review muscle mass increased the risk of functional decline.

Beaudart et al. 2017 (90)
Systematic review and

meta-analysis

Sarcopenia was associated with functional decline

(pooled OR of 6 studies 3.03; 95% ClI: 1.80-5.12).

*OR, odds ratio; Cl, confidence interval

5.5 Hospitalization or length of stay

Table 8. Sarcopenia and hospitalization or length of stay

Study

Results

Beaudart et al. 2017 (90)
Systematic review and

meta-analysis

Sarcopenia was associated with hospitalization in the one
included study. The risk of hospitalization was higher in
sarcopenic participants, with a crude HR of 1.57 (95%
Cl: 1.09-2.26) and a fully adjusted HR (adjusted for age,
gender, comorbidities, BMI, education, and hemoglobin)
of 1.57 (95% CI: 1.03-2.41). The impact of sarcopenia
on the length of hospital stay was less clear (only 1/2
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studies showed an association for).

Zhang et al. 2018 (98)
Systematic review and

meta-analysis

Pooled results demonstrated that sarcopenic older persons
were at an increased risk of hospitalization (pooled HR
1.57; 95% Cl: 1.26-1.94, 1 = 4.5%, p = 0.000) compared
to those without sarcopenia. In subgroup analyses was
found that hospitalized patients with sarcopenia had a
higher rate of hospitalization (HR = 2.01; 95% CI: 1.41-
2.88, p = 0.000) versus patients without sarcopenia.
Similarly, community-dwelling older persons with
sarcopenia had a higher rate of hospitalization than those
without sarcopenia (HR 1.40; 95% CI: 1.05-1.88, p =
0.023).

Zhao et al. 2019 (99)
Systematic review and

meta-analysis

Sarcopenia was significantly associated with future
hospitalization (RR 1.40; 95% CI: 1.04-1.89, p = 0.029;
data from 8 studies). In a subgroup analysis, it was found
that the associations between sarcopenia and readmission
in hospitalized old patients were statistically significant
(RR 1.75; 95% CI: 1.01-3.03, p = 0.044). However, this
association were not found in the community-dwelling
older individuals (RR 1.08; 95% CI: 0.74-1.57, p =
0.688), uncertain in nursing home residents. The
association of sarcopenia and length of stay was not
statistically significant (OR 1.21; 95% CI: 0.90-1.63, p =

0.20) in community-dwelling residents.

*HR, hazard ratio; OR, odds ratio; CI, confidence interval; 12, I-squared statistic; p, p

value; RR, relative risk
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5.6 Cognitive impairment and depression

Table 9. Sarcopenia and cognitive impairment and depression

Study

Results

Chang et al. 2016 (100)
Systematic review and

meta-analysis

Sarcopenia was independently associated with cognitive
impairment. The crude and adjusted OR were 2.926 (95%
Cl: 2.297-3.728) and 2.246 (95% CI: 1.210-4.168),

respectively.

Cabett Cipolli et al. 2019
(101)
Systematic review and

meta-analysis

Sarcopenia was significantly associated with cognitive
impairment (pooled OR 2.50; 95% CI: 1.26-4.92, p =
0.008).

Peng et al. 2020 (102)
Systematic review and

meta-analysis

The pooled OR for cognitive impairment for individuals
with sarcopenia compared with individuals without
sarcopenia was 2.85 (95% CIl: 2.19-3.72)
unadjusted analysis and 2.25 (95% CI: 1.70-2.97) in the

adjusted meta-analysis.

in the

Chen et al. 2022 (87)
Systematic review and

meta-analysis

The risk of developing cognitive impairment was
significantly higher in persons with sarcopenia than in
those without sarcopenia (OR 1.75; 95% CI: 1.57-1.95, p

< 0.00001).

Yang et al. 2022 (103)
Systematic review and

meta-analysis

The overall prevalence of sarcopenia with mild cognitive
impairment was 9.1% (95% CI: 0.047-0.134, p < 0.001;
I2 = 93.0%). The overall adjusted OR between mild
cognitive impairment and sarcopenia was 1.46 (95% CI:
1.31-1.62).

Li et al. 2022 (88)
Systematic review and

meta-analysis

The overall adjusted OR between sarcopenia and

depression was 1.57 (95% CI: 1.32-1.86).

*HR, hazard ratio; OR, odds ratio; CI, confidence interval; 12, I-squared statistic; p, p

value
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5.7 Poor quality of life

Table 10. Sarcopenia and quality of life

Study

Results

Woo et al. 2016 (104)

Systematic review

Sarcopenia was associated with poor health-related
quality of life in both genders. In a high-quality
longitudinal study, it was found that better physical
performance and muscle strength were associated with a
slower rate of decline in health-related quality of life over
six years. Muscle strength and performance were
associated with health-related quality of life but the same

was not found for muscle mass in cross-sectional studies.

Tsekoura et al. 2017
(105)

Review

Quality of life (QoL) level was measured using generic
self-reported tools; the Medical Outcomes Survey Short-
form General Health Survey (SF-36) in four studies and
EuroQol-5D instrument (EQ-5D) in two studies. A
significantly high proportion of problems relating to
several dimensions of QoL was found in subjects with

sarcopenia.
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Chapter 6

Management of sarcopenia

6.1 Introduction

Sarcopenia is a multifactorial condition that also requires a multimodal
management approach. Combination of a healthy nutrition with sufficient physical
activity is the key to maintaining energy homeostasis and balance in body
composition (27,29). This combined intervention is the most effective in increasing
muscle quality, strength, and physical performance. However, since there is evidence
that exercise alone improves muscle strength and physical performance, and nutrition
alone increases muscle strength, older adults can choose exercise or nutrition alone
regarding their condition, as the next best option (106). Several pharmacological
agents are currently under investigation but still not approved for the treatment of
sarcopenia (27,74,107).

6.2 Physical activity

Different kinds of exercise have been studied for the prevention and
treatment of sarcopenia in older adults. It seems that especially the high-intensity
resistance training program and following the low-intensity resistance training,
multimodal exercises, and blood flow restriction resistance training improve muscle
mass, muscle strength, and physical performance in older adults (108). Physical
exercise programs should be individually adjusted to the disorder level and the
general health status. Older adults may show difficulty in maintaining adherence to
intensive exercise programs (29). The added effect of nutritional supplementation for

resistance training on muscle function remains limited (108).
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Exercise acts directly in muscle by resisting age-related processes such as
reduced insulin sensitivity, inflammation, mitochondrial damage, impairment of
cellular quality control mechanisms, and acceleration of myonuclear apoptosis.
Additionally, it seems that exercise potentiates protein muscle synthesis, likely
through stimulation of the phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(PKB or Akt)/mammalian target of rapamycin (mTOR) pathway (107).

6.3 Nutrition

Nutritional deficits are prevalent in sarcopenic older adults and their meeting is

a priority for treating sarcopenia (49).

Increased protein intake

In sarcopenic older adults daily protein intake > 1.2 g per kg of body weight,
with an exception for persons with significant kidney dysfunction is recommended
(49), while in healthy older adults, the diet should provide at least 1.0-1.2 g protein
per kg body weight (109). A combination of plant and animal-based proteins
promotes gut microbiota eubiosis and muscle-protein synthesis (110). Older adults are
encouraged to consume especially protein sources containing a relatively high
proportion of amino acids — the so-called high-quality proteins because they induce
protein synthesis (40).

Vitamin D supplementation

Vitamin D deficiency is prevalent in 50% of healthy older adults, while it
increases to over 80% in older adults with hip fracture. Vitamin D is defined as
25(0OH)D concertation in blood. Levels between 20 and 30 ng/ml (50-75 nmol/l) are
considered to prevent from falls and fractures (111). The correction of vitamin D
deficiency is also recommended for proper muscle function but there is a controversy
about the recommended threshold to begin supplementation optimal effects in

sarcopenia (40,49).

41



Omega-3 fatty acids

Omega-3 polyunsaturated fatty acids (PUFAS) are a promising therapeutic
supplementation for sarcopenia due to their anti-inflammatory properties. In addition,
omega-3 PUFAs may also have an anabolic effect on muscle through activation of the
mTOR signaling and decrease of insulin resistance, inducing an increase in muscle
mass and improvement of muscle function. However, further research is needed
related to the exact dosage, frequency, and use (alone or combined) in the treatment
and prevention of sarcopenia (112).

Creatine  supplementation combined with resistance training and
supplementation with 2-3 g per day of the leucine downstream metabolite B-hydroxy
B-methylbutyrate, and some milk-based proteins have been shown to improve both

muscle mass and strength in older adults (26,49,107).

Plant-derived natural products

Plant-derived natural products such as curcumin, resveratrol, catechin, soy
protein, and ginseng might have a beneficial effect on various components of
sarcopenia without any significant side effects. However, due to the lack of trials on
humans, the clinical benefits of plant-derived natural products need still further
research (113).

6.4 Medical treatment options

Medical agents such as myostatin inhibitors, espindolol, hormone replacement
therapy, testosterone, selective androgen receptor modulators, AMP-activated protein
kinase (AMPK) agonists, insulin growth factor 1 analogues, and ghrelin-modulating
agents are used in trials, but they have not been yet approved for the treatment of
sarcopenia (26,49,107).

Myostatin inhibitors may contribute to the increase in muscle mass. Growth
hormone has a positive effect muscle protein synthesis and increases muscle mass, but

it seems to not affect muscle strength or function. Anabolic steroid supplementation
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was found to act differently between genders. Men who consumed anabolic steroids
demonstrated increased weight and lean body mass, while women demonstrated
increased weight, largely due to increased fat mass. Testosterone supplementation
seems to act positively on muscle strength and mass (114).
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Chapter 7

Relevance to other disease states

7.1 Sarcopenia and osteoporosis

Osteopenia/osteoporosis is characterized by the age-related decline in BMD and
microarchitecture. Both osteoporosis and sarcopenia are risk factors for falls and
fractures (115) leading to significant public health burdens. The coexistence of
osteoporosis and sarcopenia has been recently considered in some groups as a
syndrome termed ‘osteosarcopenia’. Studies over the past decades have revealed that
the prevalence of sarcopenia in osteoporotic individuals is higher, as well as, the
prevalence of osteoporosis is higher in sarcopenic individuals than in nonsarcopenic
(116). According to a meta-analysis, the prevalence of osteosarcopenia varied (5—
37%) depending on the definition used for sarcopenia and whether participants were

classified initially according to sarcopenia or osteoporosis (117).

Sarcopenia and osteoporosis share some important similarities except that both
are age-related: a. polymorphisms of some genes family are common b. myostatin
promotes protein muscle atrophy and inhibits osteoblastic differentiation in bone c.
physical activity fosters muscle mass, strength, and physical functioning, as well as
bone mass d. bed rest/disuse predisposes decrease of muscle mass and function as
well as decrease of bone mass e. changes in hormones levels such as estrogen and
testosterone influence both conditions f. vitamin D deficiency is a risk factor for both
g. common inflammatory factors contribute to sarcopenia and osteoporosis (115).

7.2 Sarcopenia and obesity

In older adults, the decrease in the components of total energy expenditure due
to the aging process (such as, resting metabolic rates, thermic effect of food, and
physical activity) are responsible partially for the increase in body fat (118).
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The term ‘sarcopenic obesity’ has been attributed to the coexistence of
increased fat mass, known as obesity, and sarcopenia. It is a silent, progressive
condition, associated with poor quality of life and increased mortality (119). Many
definitions of sarcopenic obesity have been proposed, but a clear and totally accepted
definition is still lacking (120), as well as a consensus definition for sarcopenia. A
vicious cycle has been proposed between these two conditions since their underlying
causes interact with each other. Because of sarcopenia, older people have limited
physical activity, which leads to decreased energy expenditure and increases the risk
of obesity. Hereupon, the increased visceral fat triggers inflammation, which is also a
main pathogenetic mechanism of sarcopenia (86). Sarcopenia and obesity share
except for inflammation other common pathophysiological mechanisms such as
oxidative stress, insulin resistance, and hormonal changes (e.g. in testosterone and

estrogen levels), and decreased physical activity (86,118).

7.3 Cachexia

The term cachexia is derived from the Greek words kako's (bad) and he’xis
(condition) (19). Cachexia is defined as a complex metabolic syndrome associated
with an underlying illness and characterized by loss of muscle with or without loss of
fat mass. The most common symptom of cachexia is weight loss in adults (corrected
for fluid retention) or growth failure in children (excluding endocrine disorders)
(121). Known underlying illnesses are cancer, chronic infection, chronic obstructive
pulmonary disease, and chronic heart failure (122). Anorexia contributes to the onset

of cachexia (19).

Sarcopenia and cachexia share many mechanistic and clinical similarities,
including decreased muscle mass, mitochondrial dysfunction, insulin resistance, and
altered protein metabolism. Inflammation is more prominent in cachexia. Fat mass in
cachexia is decreased, while in sarcopenia increased (122). Weight loss and anorexia
are more predominated in cachexia and not sarcopenia, providing a point of separation

between the two diseases conditions (121,122).
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7.4 Frailty

Frailty, as a condition/syndrome, can be described as a state of vulnerability to
common stressors factors, which contributes to many multiple interrelated health
problems, increasing the probability of functional impairment, hospitalization, or
death (50). Different frailty definitions exist but two forms have mainly prevailed
(123). One is when an accumulation of deficits (symptoms, signs, diseases, and
disabilities) leads to an increased risk for adverse health outcomes (124). The other
one defines frailty as a clinical syndrome in which three or more of the following
criteria can be identified: unintentional weight loss (10 Ibs in the past year), self-
reported exhaustion, weakness (grip strength), slow walking speed, and low physical
activity (125). Frailty presents substantial overlaps with sarcopenia. Both share the
components of low grip strength and slow walking speed (26) and weight loss is a
major diagnostic criterion for frailty, while it is a significant etiologic factor for
sarcopenia (17). Many of the poor health outcomes of frailty are probably mediated
by sarcopenia (40), which may be considered a contributor to the development of

physical frailty (17).

7.5 Dysmobility syndrome

The term ‘dysmobility syndrome’ was proposed by Binkley et al., paralleling
metabolic syndrome to describe as a whole, multiple conditions such as osteoporosis,
sarcopenia, or obesity, that contribute to falls and fractures. At least three of the
following six factors must be present for the diagnosis of dysmobility syndrome:
osteoporosis, low lean mass, history of falls within one year, slow gait speed, low grip
strength, and high fat mass (126). The relevance of sarcopenia to this syndrome has

been also highlighted in the systematic review by Hill et al. (127).
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Chapter 8

Sarcopenia and associated factors in daily life

8.1 Daily activities

More than 46 percent of older people aged 60 years and over have disabilities
and more than 250 million older people experience moderate to severe disability. This
incidence is expected to increase since life expectancy in general increases (128).
Disability can be regarded as experiencing difficulty in activities of daily living
(ADL), instrumental ADL (IADL), or a combination of both. (129). The ability to
perform personal care activities and household activities changes across the lifespan.
According to Eurostat data, regarding EU-28, more than two-thirds of people aged 65
or over present with physical and sensory functional limitations. Moreover, more than
one-fifth of people aged 65 and over reported limitations in personal care activities

and more than 4 out of 10 persons limitations in household activities (130).

Several studies have investigated the impact of sarcopenia on different
dimensions of functional status, such as mobility performance, self-reported
functional limitations, disability, and difficulty in performing daily activities. Based
on the results of an early review the association between sarcopenia and functional
status is unclear. This review, including epidemiologic studies conducted in large
samples of older men and women, concluded that poor muscle functioning, as
indicated by poor muscle strength or poor muscle power, increases the risk of
functional decline. In contrast, low muscle mass demonstrates weak or no associations

with functional status (97).

After adjusting for covariates, it seems that sarcopenia is independently
associated with functional decline, described by either the ADLs or IADLs among
community-dwelling older adults (131-133). In a recent cross-sectional study the
association between the risk of sarcopenia, assessed by SARC-F, and the dependence
in ADL, assessed by Barthel Index (BI) was statistically significant (OR 2.2; 95% ClI
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1.3-4.0, p = 0.006) (134). Further research is required because of the observed
inconsistency in the literature concerning the relationship between sarcopenia and

functionality.

8.2 Sleep

As with many other physiologic processes, age-related changes in sleep are also
observed across the lifespan (135). Some well-described changes in sleep architecture
are: (1) advanced sleep timing (i.e., earlier bedtimes and rise times, (2) longer sleep-
onset latency (i.e., the number of minutes need for someone to fall asleep from the
time reported getting into bed), (3) decreased total hours of sleep per night, (4)
increased sleep fragmentation (i.e., less consolidated sleep with more awakenings,
arousals, or transitions to lighter sleep stages), (5) more fragile sleep (i.e., higher
likelihood of being woken by external sensory stimuli), (6) reduced amount of deeper
NREM (non-rapid eye movement) sleep known as slow wave sleep (SWS), (7)
increased time spent in lighter NREM stages 1 and 2, (8) shorter and fewer NREM-
REM sleep cycles, (9) longer duration of wake after sleep onset (WASO), and (10)
excessive daytime sleepiness and daytime napping. Older adults are more prone to
these sleep disturbances than younger people, but every older person may response in
a different way to these changes (136,137). Nonetheless, healthy older adults are less

likely to complain about sleep problems (136).

The causes of sleep disturbances in older adults are multifactorial and include
medical, psychiatric disorders, primary sleep disorders, and environmental changes,
social engagement, and lifestyle (136). Sleep problems such as insomnia are
associated with poor quality of life (138). Apart from the aging process other specific
coexisting medical conditions may cause sleep disturbances in older adults. Among
these conditions, the most well-described are pain related to musculoskeletal disorders
(including arthritis), nocturia, obstructive lung disease, gastrointestinal reflux, and
congestive heart failure. These conditions require foremost appropriate treatment and

then sleep efficiency can be achieved (139).

The decline in nocturnal GH with aging, the elevated nocturnal cortisol level,

the age-related decline in melatonin secretion, and other age-related changes in
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hormone levels have an impact on sleep patterns. The circadian system regulates
several human physiological functions, including sleep-wake rhythm. It is believed
that circadian rhythms become less robust with aging, which usually is expressed as
an advance in circadian timing, a reduction in circadian amplitude, and a decreased

ability to adjust to phase shifting (changes in the phase of circadian rhythms) (136).

Sleep may influence muscle protein metabolism. Reduced sleep duration, poor
sleep quality, and increases in the prevalence of circadian rhythm and sleep disorders
with age may induce proteolysis, modify body composition and increase the risk of
insulin resistance, all of which have been associated with sarcopenia. Moreover, age-
related sleep problems potentially interfere intracellularly by inhibiting anabolic
hormones and enhancing catabolism in the skeletal muscle. Sleep homeostasis is one
of the substantial targets aiming at the preservation or recovery of muscle health in
older adults (140).

The most common method of sleep assessment is using questionnaires, scales,
or sleep diaries. As an alternative, actigraphy measures sleep parameters objectively
and it can feasibly be used in large studies, whereas questionnaires, scales, or sleep
diaries offer a subjective assessment of sleep parameters, enhancing the development
of bias. Polysomnography (PSG) is considered the gold standard for the objective
assessment of sleep. However, it is an expensive method, and its ecologic validity is

sometimes questionable (84).

Recently, a systematic review (84) and meta-analyses (141,142) have been
published and their findings highlight the existence of a relationship between
sarcopenia or its components and sleep duration or quality. A high prevalence of
sarcopenia among older adults with both long and short sleep duration was shown.
However, prevalence values were higher in those with inadequate sleep (p < 0.00001).
Also, sarcopenia was more prevalent in men (OR 1.61; 95% CIl 0.82-3.16; Q = 11.80;
p = 0.0189) compared to women (OR 0.77; 95% CI 0.29-2.03; Q = 21.35; p =
0.0003). Therefore, it seems that sarcopenia is associated with sleep quality, with
higher prevalence values in older adults who have inadequate sleep (141). Likewise,
in another meta-analysis, it seems that the lowest category of sleep duration (under 6
h) versus the reference category (6-8 h) was significantly related to increased risk of
sarcopenia (OR 1.71; 95% CI 1.11-2.64). Pooled OR also indicated that the highest
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category (more than 8 h) of sleep duration versus the reference category (6-8 h) was
significantly associated with an increased risk of sarcopenia (OR 1.52; 95% CI 1.23—
1.88). Moreover, it was found that women were affected by both short and long sleep
while men were only affected by long sleep duration. The nonlinear dose-response
meta-analysis revealed a U-shaped relationship between sleep duration and the risk of
sarcopenia, with a nadir at 8 h per day (142). Finally, results of a systematic review
support that although there is strong evidence of the association between weak muscle
strength and poor sleep quality and duration among middle-aged and older adults, the
findings for the gender-specific association and the impact of short or long sleep

duration were inconclusive (84).

The findings of the above-mentioned studies are crucial for health professionals
because they enhance the need for an appropriate geriatric assessment in community
practice and geriatric settings, taking into consideration the existing association
between sarcopenia and sleep. Identification of sleep problems among older adults in
clinical practice may help as well in the early detection of sarcopenia (84).

8.3 Fatigue

Fatigue could be described both as a symptom and a subjective feeling (143). It
is a multidimensional concept, prevalent among older adults. However, due to the lack
of consensus on a totally accepted instrument for its assessment, data about its
prevalence vary (144). Fatigue can be met in the literature alternatively with other
words such as decreased vitality, loss of energy, anergia, exhaustion, tiredness,
weakness, and lassitude (145). Ream and Richardson (146) proposed a clarified
definition for nursing usage (p.9): ‘Fatigue is a subjective, unpleasant symptom which
incorporates total body feelings ranging from tiredness to exhaustion creating an
unrelenting overall condition which interferes with individuals’ ability to function to
their normal capacity’. Pain and fatigue frequently co-occur in the older population
(147). Fatigue affects considerably the older women causing disability (148).
Exhaustion, among the European older population, as one of the five criteria of frailty
status (Fried phenotype), seems to contribute most to frailty in relation to the rest
criteria (149).

50



Moreover, fatigue can be classified as physical, ‘muscle fatigue’ defined as a
decline in the maximum force-generating capacity of the muscle and its failure to
maintain the required force, as a result of muscle activity (150), or mental, which is
defined as a psychobiological state characterized by prolonged periods of demanding
cognitive effort expressed by changes in mood, motivation and task performance
(151). Another concept of fatigue is fatigability which is defined as the relationship
between a person’s self-reported fatigue and the level of activity (physical or
cognitive) which causes this fatigue (152).

Self-reported or perceived fatigue in comparison to muscle and mental fatigue is
more feasible and convenient to be assessed among inpatients or community-dwelling
older adults (153). Questionnaires, validated scales (or specific statements from
scales), and visual analogue scales are used for the evaluation of subjective fatigue.
Measurement of fatigue in older people is particularly challenging due to the
concurrent co-existence of other symptoms such as pain, depression, sleepiness, and
physical weakness (154). Nevertheless, self-reported or perceived fatigue is associated
with falls among older adults which is one of the main consequences of sarcopenia
(153). However, most published studies highlight the association between muscle
fatigue and sarcopenia (155,156), whereas data in the literature regarding the
relationship between self-reported fatigue and sarcopenia among older adults are
lacking. Domains of self-reported fatigue are associated with poor performance and
sarcopenia, estimated only by muscle strength, among older Scottish adults (157).
Gait speed, as well as abnormal handgrip strength, are associated with self-reported
fatigue (adjusted OR 1.41; 95% CI 1.05-1.90, p = 0.02, OR 1.40; 95% CI 1.02-1.93,
p = 0.04, respectively), while sarcopenia and fatigue are not associated in Colombian
older adults (158). Self-reported fatigue is associated with the risk of sarcopenia, as
assessed by the SARC-F questionnaire (OR 1.583; 95% CI 1.262-1.986, p = 0.001)
and with gait speed (OR 0.011; 95% CI 0.001 -0.168, p = 0.001) among elderly in
Malaysia (159). The relationship between sarcopenia and fatigue was evaluated
among Turkish, geriatric outpatients using different self-reported fatigue assessment
scales, but only the Fatigue Impact Scale total was associated with sarcopenia in
multivariate logistic regression (OR 1.161; 95% CI 1.084-1.242, p < 0.001) (160).
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Chapter 9

Methods

9.1 Aim of the study

The aim of this study was to investigate the relationship between sarcopenia and
health indicators and factors of daily life among a sample of Greek community-

dwelling older adults.

9.1.1 Objectives

More specifically this study aimed to:

1. translate and validate the SARC-F in Greek

2. explore the association between probable sarcopenia, as indicated by muscle
strength, confirmed sarcopenia, and SARC-F with demographic data, chronic
health disorders, prescribed medication, along with other clinical data, such as
smoking status, history of falls, and physical exercise.

3. investigate the association between probable sarcopenia, as indicated by muscle
strength, confirmed sarcopenia, and SARC-F with the functional status in daily
life.

4. examine the association between probable sarcopenia, as indicated by muscle
strength, confirmed sarcopenia, and SARC-F with self-reported fatigue.

5. explore the association between probable sarcopenia, as indicated by muscle

strength, confirmed sarcopenia, and SARC-F with sleep difficulties.
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9.2 Study design and data collection

This study began as part of a larger multicenter study, in collaboration with the
Hellenic Association of Gerontology and Geriatrics (HAGG). A cross-sectional study
was conducted from July 2020 to October 2022 (recruitment was temporarily paused
due to Covid-19 restrictions) in a convenience sample of community-dwelling older
adults living in greater Athens conurbation. Participants were recruited either as
outpatients or their companions in a General Hospital in Athens or community

settings and organizations such as a Women’s association, a choral group, or church.

Individuals who met the following criteria were included; (1) aged 65 years or
older; (2) able to walk but may use any aid; (3) able to communicate in the Greek
language; (4) willing to complete the survey; and (5) provided written consent to

participate.

The exclusion criteria were individuals with the following conditions: (1) severe
cognitive disorder, making unable the communication or data collection; (2) an
implanted pacemaker or defibrillator; (3) bedridden; (4) unable to communicate with
the researcher; (5) acute or chronic health disease influencing the response to the
interview, laboratory values or the ability to perform the required measurements. All
participants signed a written informed consent form. Participant information was
collected through face-to-face interviews by the researcher. The anthropometric
measurements, muscle mass measurement, gait speed test, and grip strength test were
also performed by the same researcher who was trained. Blood sampling was done in

the involved hospital or the private diagnostic center of the participant’s choice.

9.2.2 Demographic characteristics

Demographic characteristics included age, sex, annual income, educational
level, smoking status, medication use, medical history and conditions, Charlson
Comorbidity Index (CCI), family history of osteoporosis and fractures, alcohol,
coffee, and tea consumption, and activity status. Medical history and/or conditions
included cardiovascular diseases, chronic obstructive pulmonary disease (COPD),

cancer history, hypertension, diabetes, connective tissue diseases, urolithiasis,
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osteoporosis, arthritis, fragile fractures, falls, incontinence, and thymus disorders.
Participants were also asked about the number and the kind of medications taken daily

on a regular basis.

9.2.3 Blood tests

Blood samples were collected to measure complete blood count (CBC),
calcium, phosphorus, and albumin concentration in blood, C-reactive protein (CRP),
25-hydroxy vitamin D, and parathyroid hormone (PTH) levels. As it has been
previously described in the literature review of this study, these biomarkers that
characterize the aging process, may be involved in the sarcopenia pathway as well.

9.2.4 Anthropometric measurements

Height and weight were measured using a stadiometer and a Bioelectrical
impedance analysis (BIA) device, respectively. Body mass index (BMI) was
calculated as weight (kg) divided by height? (m?). Calf circumference (CC) at the
widest part, middle arm, waist, and hip circumferences were measured with the
participant in the standing posture, with a millimeter-graded tape. CC measures < 31

cm is considered indicative of low muscle mass (161).

9.2.5 Measurement of muscle strength

Muscle strength was assessed by grip strength, which was measured using a
digital handgrip dynamometer (Figure 1). The grip strength of each hand was
measured once standing with full elbow extension and then with 90° elbow flexion.
Participants were asked to hold the dynamometer as strongly as possible. Between
each measurement, at least 30 s resting intervals were allowed. The maximal

measured grip strength was selected for analysis.
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Figure 1. An older person holding a digital handgrip dynamometer

9.2.6 Measurement of muscle mass

Muscle mass was measured using a BIA device (Tanita RD-545). The
measurement was performed with the participant in a standing position grasping the
electrodes with both hands abducted from the mid-bod (Figure 2). Before doing the
measurement, participants were asked to follow these instructions: (1) no previous
physical exercise; (2) 2-3 h of fasting; (3) no alcohol or a large amount of water
intake; (4) urinating 30 min before. Muscle masses of the total body, arms, and legs
were calculated separately. Appendicular skeletal mass (ASM), equivalent to
appendicular lean mass (ALM) is the sum of the lean mass of the arms and legs. ASM
was standardized by height squared (ASM/height?) and BMI (ASM/BMI).

Finally, ASM was calculated using the following equation to obtain an ASM
value by BIA close to that measured by DXA: ASM/ht?> pxay = 0.04*BMI —
0.58*Women +0.69*ASM/ht?. Variables in the equation; Sex: female = 1, male = 0,
BMI (kg/m?), ASM/ht?gi1a= ASM/height? as measured by BIA (162,163).
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Figure 2. An older person grasping the electrodes of the BIA device

9.2.7 Measurement of physical performance

For the usual gait speed test, participants were instructed to walk a total of 8
meters at a comfortable, usual, walking speed in a flat indoor space. The time of the 4-
m distance from standing to the first footstep at the 4-m line was measured by using a
standard digital stopwatch and excluding an acceleration and deceleration interval of 2
m, respectively (164). Finally, the usual gait speed (m/s) was calculated as the time
taken to walk 4 m (m/s). Walkers and canes were accepted when walking, if

necessary.

Figure 3. 4-m walking test (164)
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9.2.8 Assessment of probable and confirmed sarcopenia

In this study, the EWGSOP2 recommendations for the sarcopenia assessment
were followed. According to them, muscle strength is the principal determinant of
sarcopenia. Sarcopenia is probable when low muscle strength is detected. Cutoff
points for muscle strength by grip strength are < 27 kg and < 16 kg for men and
women, respectively. A sarcopenia diagnosis is confirmed by the presence of low
muscle quantity or quality. When low muscle strength, low muscle quantity/quality,
and low physical performance are all detected, sarcopenia is considered severe. Cutoff
points for muscle mass are ASM < 20 kg or ASM/height? < 7 kg/h? for men and ASM
< 15 kg or ASM/height?> < 5.5 kg/h? for women. The cutoff point for physical

performance measured by gait speed is < 0.8 m/s.

9.3 Sarcopenia screening

The SARC-F questionnaire is recommended by EWGSOP2 as a screening tool
for sarcopenia risk. In this study, SARC-F was translated and validated in Greek
following steps suggested in the methodological report by European Union Geriatric
Medicine Society (EUGMS) Sarcopenia Special Interest Group (165). According to
this report a sample of between 50 and 100 community-living subjects aged 65 years

or older should participate in the study of validation.
For the translation and adaptation of SARC-F, the following steps were followed:

1. The original SARC-F was translated into Greek by one bilingual geriatric

nurse - expert.

2. Two other bilingual nurses with experience in translation and validation of
instruments and the first forward translator reviewed the translation and agreed
on a final version. Because of the metric system used in Greece, the first
question of the SARC-F questionnaire “How much difficulty do you have in
lifting and carrying 10 pounds?” was modified to: “How much difficulty do

you have in lifting and carrying about 5 kilograms?”
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3. The Greek-translated questionnaire was back-translated from Greek to
English by a native English speaker blinded to the original version of the

questionnaire.

4. The involved experts reviewed all the translations and reached a consensus

regarding the final version of the Greek questionnaire.

5. The back-translated version was e-mailed to John Morley, one of the

authors of the original instrument, for his approval (March 3, 2020).

6. The Greek SARC-F version was administered face-to-face to 5 male and 5
female older adults to ensure comprehension and cultural relevance of the
questionnaire. This was the ‘pretest step’. A footnote corresponds to carrying
2.5 kilos of potatoes and 2.5 kilos of tomatoes with two hands was introduced
as an example for 5 kg, as previously described in other language translations
(65,69).

7. Afterward, two independent geriatric nurses applied the SARC-F
questionnaire to 22 participants in separate rooms in order to assess ‘inter-rater

reliability’.

8. Finally, one of these nurses applied the SARC-F questionnaire by phone to

these 22 participants 2 weeks later in order to evaluate ‘test-retest reliability’.

For the validation of SARC-F its sensitivity, specificity, and positive and
negative predictive values (PPV, NPV, respectively) were assessed against four
definitions of sarcopenia; EWGSOP2 (17), FNIH2 and FNH3 (22,166), IWGS (20)].
EWGSOP?2 criteria are described above. According to the FNIH, the definition of
sarcopenia depends either on two criteria (FNIH2; low muscle strength and mass) or
on three criteria (FNIH3; slowness with low muscle strength and mass). Cutoff points
for muscle strength by grip strength are < 26 kg and < 16 kg for men and women,
respectively. Cutoff points for muscle mass are ASM/BMI < 0.789 for men and <
0.512 for women. The cutoff point for physical performance measured by gait speed
is < 0.8 m/s. According to the IWGS definition, sarcopenia is confirmed when both
low muscle mass and low physical performance exist. Cutoff points for muscle mass
are ASM/height? < 7.23 kg/h? for men and ASM/height? < 5.67 kg/h? for women. The
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cutoff point for physical performance measured by gait speed is < 1.0 m/s. Finally,

SARC-F was assessed against probable sarcopenia, as defined above.

Afterward, we attempted to test if adding CC to SARC-F would improve the
diagnostic value of SARC-F in the Greek population. The SARC-Calf was developed
as a new variable. CC item was scored as 0 point if the CC was > 31 cm and as 10
points if it was < 31 cm (68). SARC-F was scored as described above. By adding the
CC score to the SARC-F score, the SARC-Calf variable was developed. A final score
of 11 or more, was classified as a risk for sarcopenia, and a score less than 11 was
classified as no risk for sarcopenia. SARC-Calf was assessed against the above-
mentioned definitions of sarcopenia and probable sarcopenia.

9.4 Functional evaluation

Barthel index (BI) of activities of daily living was used to evaluate the
functional status and the independence level of the subjects. BI was developed in
1995 as a simple index of independence to score the ability of subjects with a
neuromuscular or musculoskeletal disorder to care for themselves (167). It consists of
10 items, which evaluate the ability of a person to perform specific daily activities.
The score for each item can range between 0-15. The total score can be between O-
100. A higher score indicates a higher level of dependency on daily activities. The
score for each item is more meaningful than the total score since the first indicates
exactly to which activity is the response insufficient. Bl has been translated and
validated in Greek (168).

9.5 Fatigue assessment

The Fatigue Severity Scale (FSS), developed by Krupp et al. (169), was used to
assess fatigue over the last two weeks. FSS measures the severity of fatigue and its
influence on daily life in patients with a variety of disorders. FSS contains nine
statements, each is scored from 0 to 7. The minimum score is 9 and the maximum
score is 63. A higher score is indicative of greater fatigue severity. The more common

way of scoring is the calculation of the mean of all the scores with the minimum score
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being 1 and the maximum score being 7. Mean (SD) FSS scores for healthy
individuals; 2.3 (0.7). The cutoff score of 4 or more is considered indicative of

problematic fatigue. FSS has been translated and validated in Greek (170).

Moreover, fatigue over the last two weeks was assessed by the visual analogue
scale (VAS) (171,172). The zero point at the left end of the line was scored as 0,
indicating no fatigue at all, and the 10 at the right end of the line was scored as 10,
indicating the worst possible fatigue one could feel. The higher the score, the more

fatigue the participant reported.

9.6 Sleep assessment

Sleep difficulty was assessed with the Athens Insomnia Scale (AIS) (173,174).
AIS is a self-assessment psychometric tool that measures the intensity of sleep-related
problems, but also it can be used as a screening tool in the diagnosis of insomnia.
Participants were asked about sleep difficulty they experienced at least three times per
week during the last month and excluding particular cases e.g., the announcement of a
sad event. AIS consists of eight items: the first five pertain to sleep induction,
awakenings during the night, final awakening, total sleep duration, and sleep quality;
while the last three refer to well-being, functioning capacity, and sleepiness during the
day. The score for each item ranges between 0-3, (with 0 corresponding to no problem
at all and 3 to very serious problem); thus, the total score ranges from 0 (absence of
any sleep difficulty) to 24 (the most severe degree of insomnia). AIS has been
translated and validated in Greek by Soldatos, Dikeos, and Paparrigopoulos (173). A

score of > 6 on the AIS is used to establish the diagnosis of insomnia (174).

Self-reported sleep duration was ascertained by one single question: “During the
past month, how many hours of sleep did you get at night, from the time falling asleep

until opening your eyes and not sleeping again (average hours for one night)?”

9.7 Ethical issues

The study was conducted in accordance with the principles of the Declaration of

Helsinki (1964) on biomedical research, the General Regulation for the Protection of
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Personal Data and the ethical standards and laws of the country. Information was
provided to all the participants regarding the purpose of the study, the voluntary
participation, the procedure they would be asked to follow, the right to withdraw from
the study at any time, without any penalty, as well as the observance of strict
confidentiality in the management of their personal data. Written informed consent for
participation in the study was obtained from all the participants. Data collection was
followed by their pseudonymization. The correspondence of names with patient data
as well as the completed consent forms are kept in a separate place, where only the
main researcher and the supervisor have access. No personal data of the participants
will be disclosed in publications related to this study. No adverse effects or
complications were expected in the participants due to the intervention. The blood
sample may rarely cause mild pain, minor bleeding, bruising, slight dizziness, and
infection at the point where the needle enters the body. Approval for conducting the
study was obtained by the Research Ethics Committee of the Nursing Department of
the National and Kapodistrian University of Athens (number protocol 316/2020) and
the Scientific Council of the involved hospital.

9.8 Statistical analysis

Demographic, anthropometric characteristics, and clinical features were
analyzed by descriptive statistics and are presented using mean and standard deviation
for continuous variables; frequency and percentage were reported for

dichotomous/string variables.

The characteristics of patients were compared according to gender, muscle
strength, the presence of probable sarcopenia and confirmed sarcopenia, and the
SARC-F questionnaire using Student’s t-test or Pearson coefficient for continuous
variables with normal distribution, Mann—Whitney U test or Spearman coefficient for
continuous variables with asymmetric distribution, and Pearson’s Chi-square test (or

Fisher's Exact test or Anova test) for categorical variables.

The variables significantly related to the prevalence of probable, confirmed
sarcopenia, and SARC-F score (as a dichotomous variable) were included in a

multivariable logistic regression analysis and the results were reported as odds ratio

62



and 95% confidence interval (OR; 95% CI). The variables significantly related to
muscle strength were included in multiple linear regression analysis and the results
were reported as unstandardized coefficients b and 95% confidence interval for b. P
value < 0.05 was considered statistically significant.

For the translation and cross-cultural adaption of the SARC-F, reliability, and
test—retest reliability was assessed by kappa statistics considering SARC-F item
scores (e.g., none, some, unable) and SARC-F outcome (dichotomized to represent
sarcopenia vs. healthy status) as ordinal/categorical variable. The level of agreement
assessed by kappa coefficient was defined as follows: kappa coefficient [0.90: almost
perfect agreement, between 0.80 and 0.90: strong agreement, 0.60-0.79: moderate
agreement, 0.40-0.59: weak agreement, 0.21-0.39: minimal agreement, and 0.00—
0.20: no agreement. Internal consistency was tested by Cronbach’s alpha coefficient.
A coefficient value greater than 0.70 indicates a high level of internal consistency
(165).

For the clinical validation of the SARC-F questionnaire, the sample was divided
between sarcopenic and non-sarcopenic, diagnosed according to the SARC-F
questionnaire. The sample characteristics were presented according to the SARC-F
classification. P values were assessed with Student’s t-test, Mann—Whitney U test for
continuous or Pearson’s Chi-square test (or Fisher's Exact test) for categorical
variables. P value < 0.05 was considered statistically significant. The difference in
diagnosis between the SARC-F and the 4 operational definitions of sarcopenia was
tested by a Pearson’s Chi-square test. Finally, sensitivity, specificity, PPV, and NPV
values of the SARC-F according to the 4 operational definitions of sarcopenia and the
probable sarcopenia were assessed. Afterward, the same procedure was followed for
the validation of the SARC-Calf. Sensitivity was calculated as the proportion of
participants with sarcopenia based on the reference clinical diagnosis when identified
as positive by the screening test, and specificity as the proportion of participants
without sarcopenia based on the reference clinical diagnosis when identified as
negative by the screening test. The PPV represents the probability of actually
presenting sarcopenia when the test is positive, and NPV is the probability of actually
not presenting sarcopenia when the test is negative (165). Statistical analyses were

performed using SPSS 28.
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Chapter 10

Results

10.1 Sample characteristics

Adults aged > 55 years old (n = 119) were provided with the opportunity to
participate in a larger multicenter study conducted by HAGG. A total of 111 adults
accepted to participate (response rate 93.3%). The reasons for refusal were
psychological stress and fear of blood sampling. For the purpose of the present study,
data from 100 community-dwelling older adults, aged > 65 years old, recruited in an
outpatient or community setting were analysed. The age range for all the participants
was 65-91 years. The median age of the whole study population was 72.50 &+ 9 years
old, and 59 participants (59%) were women. The descriptive characteristics and

differences between men and women are shown in Table 11.

Based on the EWGSOP2 algorithm, the prevalence of sarcopenia was 10% in
the whole study population, 7% men and 3% women. One person (woman) had severe
sarcopenia. Probable sarcopenia, as recommended by EWGSOP2 was identified in
19% of the participants, 11% men and 8% women. Among men, 26.8% had probable

sarcopenia and among women 13.6%.
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Table 11. Characteristics of the study participants according to gender

Characteristics Total Men* Women* P value®
(n =100) (n=41) (n=59)
Age (years) 73.05+6.73 | 7449 £7.42 | Mean 72.05 + | 0.114?
Median Median 74 + | 6.07 Median
72.50+£9 11 72+9
Educational Level 0.115P
Primary School | 39 (39%) 12 (29.3%) | 27 (45.8%)
High school | 28 (28%) 10 (24.4%) | 18 (30.5%)
IEK | 14 (14%) 9 (22%) 5 (8.5%)
University/TEI | 18 (18%) 10 (24.4%) | 8 (13.6%)
Master/PhD | 1 (1%) 0 (0%) 1(1.7%)
Annual Income < 0.001°
< 8.000 € | 36 (36%) 6 (14.6%) 30 (50.8%)
8.000 -15.000 € | 42 (42%) 21 (51.2%) | 21 (35.6%)
>15.000 € | 22 (22%) 14 (34.1%) | 8 (13.6%)
CCl 0.57+0.29 | 0.51 £0.33 0.62+0.25 0.1222
Height (m) 1.63£0.09 |1.71£0.06 |1.58=0.06 <0.001°
Weight (kg) 77.17 + [ 82.16 +(73.70+15.09 | 0.004¢
14.70 12.69
BMI (kg/m?) 28.99+5.23 | 28.17+3.97 | 29.56+5.91 |0.375%
Waist Circumference 98.13 + | 103.17 + | 94.63 +14.86 | 0.002°¢
(cm) 13.78 10.30
Pelvis Circumference 109.36  +|104.59 + | 112.68 + | 0.0032
(cm) 13.72 6.83 16.18
Calf Circumference - CC | 36.87 £4.15 | 36.54 +3.52 | 37.10+4.56 | 0.765%
(cm)
Middle Arm 31.25+4.35 | 30.66 +3.77 | 31.66 £4.71 | 0.354%
Circumference (cm)
Muscle Strength (kg) 26.56 £9.33 | 34.21 +8.76 | 21.24+5.05 |<0.0012
Muscle Mass — ASM/ht? | 6.31+1.08 |7.00+0.83 |5.83+0.97 <0.001°

(kg/m?)
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Physical Performance 0.89+0.30 |[094+0.34 |0.86+0.27 0.213°
(m/s)
Smoking Status 0.447°
No | 61 (61%) 22 (53.7%) | 39 (66.1%)
Current | 22 (22%) 11 (26.8%) | 11 (18.6%)
Former | 17 (17%) 8 (19.5%) 9 (15.3%)
Number of Falls in the 0.206"
last year
0 | 75 (75%) 31 (75,6%) | 44 (74.6%)
1|21 (21%) 10 (24.4%) | 11 (18.6)
2 or more | 4 (4%) 0 (0%) 4 (6.8%)
Fractures 20 (20%) 6 (14.6%) 14 (23.7%) 0.263°
Fractures among fallers | 15 (75%) 4 (66.7%) 11 (78.6%) 0.613¢
Instability 33 (33%) 17 (41.5%) | 16 (27.1%) 0.134°
Total number of 3.5+2.58 3.07£1.93 |3.80+2.92 0.409%
medications
Polypharmacy (= 5 drugs | 23 (23%) 6 (14.6%) 17 (28.8%) 0.097°
daily)
Daily coffee Consumption | 1.46 £+ 0.85 | 1.41+0.77 | 1.49+0.90 0.7972
(cups)
Daily tea consumption 0.35+0.50 [0.34+048 |0.36+0.52 0.973%
(cups)
Alcohol consumption per 0.012b
week (ml)
> 700 or 0 | 64 (64%) 23 (56.1%) | 41 (69.5%)
600 | 12 (12%) 7 (17.1%) 5 (8.5%)
500 | 1 (1%) 0 (0%) 1 (1.7%)
400 | 2 (2%) 2 (4.9%) 0 (0%)
300 | 5 (5%) 5 (12.2%) 0 (0%)
<300 | 16 (16%) 4 (9.8%) 12 (20.3%)
Exercise frequency 0.557°
Never | 69 (69%) 26 (63.4%) | 43 (72.9%)
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Rarely | 4 (4%) 1 (2.4%) 3(5.1%)
1-2 hours/per week | 10 (10%) 5 (12.2%) 5 (8.5%)
More than 2 hours per | 17 (17%) 9 (22%) 8 (13.6%)
week
Walking frequency 0.416"
Never | 41 (41%) 20 (48.8%) | 21 (35.6%)
Less than 3 times per | 8 (8%) 3 (7.3%) 5 (8.5%)
week
More than 3 times per | 51 (51%) 18 (43.9%) | 33 (55.9%)
week for at least 15
minutes
Blood tests i
25(0OH) D3 Vitamin | 27.06 +(29.91+9.73 | 24.98+10.08 | 0.019¢
10.18
Platelets/Lymphocytes | 126.30  + | 113.19 + | 135.88 + | 0.043¢
ratio | 52.07 48.38 53.02
Neutrophils/Lymphocytes | 2.51 £2.24 | 2.54+1.46 |249+2.69 0.1922
ratio
CRP |420+432 |486+508 |3.72+3.64 0.1452
Albumin | 434+042 |4.34+0.31 |4.34+0.48 0.896°¢
Calcium | 9.64 +£0.56 |9.59+0.37 |9.68+0.67 0.516°¢
Phosphorus | 3.42+0.54 |3.29+0.47 |351+0.57 0.051°
Parathormone | 74.15 + | 76.13 +| 7271+ 44 0.4042
40.25 35.02

a Mann-Whitney U Test
b Pearson’s Chi-square test
c t-Test

d Fisher’s exact test

*Percentages are presented within gender.

1 Statistically significant differences are marked in bold

I Missing values are excluded

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,

appendicular skeletal mass; CRP, C-Reactive protein




10.2 Greek translation and cross-cultural adaption of SARC-F

The steps described above were performed for translation and cross-cultural
adaption of SARC-F. For the pre-test step, 10 older adults, 5 men and 5 women, aged
65 years or older, free of acute conditions affecting their functionality, without
significant cognitive problems, from different educational levels were recruited in
order to assess comprehension and cultural relevance of the questionnaire. Afterward,
a second population consisted of 22 older adults, 11 men and 11 women (> 65 years,
median 71, range 65-97, 54.5% primary school graduates, 9.1% high school or college
graduates, 36.4% university graduates) was recruited to evaluate the ‘inter-rater
reliability’ and ‘test-retest reliability’ (Table 12). Inter-rater and test-retest reliability
both showed a total kappa index of k = 1; p < 0.001 (perfect agreement). Internal
consistency by Cronbach’s alpha was 0.657 which indicates an acceptable level of

consistency.

Table 12. ‘Inter-rater reliability’ and ‘test-retest reliability’ of the Greek version
of the SARC-F questionnaire

SARC-F Item Inter-rater p-value Test-retest p-value
reliability reliability (after 2
(kappa weeks)
index) (kappa index)
Muscle strength | 0.788 <0.001 0.637 <0.001
Assistance in 1 <0.001 1 <0.001
walking
Rise from a|0.914 <0.001 0.648 <0.001
chair
Climb stairs 1 <0.001 1 <0.001
Falls 1 <0.001 1 <0.001
Total Outcome |1 <0.001 1 <0.001

Cronbach’s alpha = 0.657
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10.3 Clinical validation of the Greek SARC-F and SARC-Calf

Among the 100 individuals, the SARC-F identified 19 (19%) at high risk for
sarcopenia. The prevalence rate of sarcopenia based on the SARC-F was 6 (6%) in
men and 13 (13%) in women. Table 13 displays the average, baseline characteristics
of the participants who were grouped according to their SARC-F score/group. A total
score of 4 points and greater was classified as having a high risk for sarcopenia. A
statistically significant relationship was found between SARC-F score and number of
medications/polypharmacy (p = 0.044, p = 0.037, respectively), CCI (p = 0.042),
instability (p < 0.001), walking frequency (p = 0.008), and the number of falls in the
last year (p = 0.019). Moreover, a statistically significant relationship was found
between SARC-F score and muscle strength (p = 0.016) and physical performance (p
< 0.001). The participants in the SARC-F > 4 group had a lower mean muscle
strength and gait speed. Afterward, probable sarcopenia, as detected via muscle

strength, was statistically associated with the SARC-F questionnaire (p = 0.008).
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Table 13. Baseline population characteristics based on the SARC-F

questionnaire

Characteristics (n  =| SARC-F <4 SARC-F >4 P value
100) (n=181) (n=19)
Gender 0.354%
Men | 35 (43.2%) 6 (31.6%)
Women | 46 (56.8%) 13 (68.4%)
Age 725+ 6.47 75.5 + 7.40 0.074°
CClI 0.60 +0.27 0.43+0.34 0.042¢
Total number of 3.22+2.38 4.68 + 3.09 0.044¢
medications
Polypharmacy (= 5| 15(18.5%) 8 (42.1%) 0.037¢
drugs daily)
Waist  circumference | 98.00 + 14.48 98.68 + 10.60 | 0.847°
(cm)
Pelvis  circumference | 109.79 + 14.48 | 107.53+9.93 | 0.520°
(cm)
Calf circumference —|37.22+4.22 35.37+3.56 | 0.080°
CC (cm)
Middle arm 31.09 +4.12 31.95+5.28 | 0.440°
circumference (cm)
Height (m?) 1.64 £ 0.09 1.60 + 0.08 0.068°
Weight (kg) 77.91+15.52 74.01+10.21 | 0.300°
BMI (kg/ m?) 29.0+£5.59 28.95+3.36 0.970P
Probable sarcopenia 11 (13.6%) 8 (42.1%) 0.008¢
Muscle strength (kg) 27.63+9.31 21.97+8.17 |0.016°
Muscle mass - ASM/ht? | 6.43 + 1.07 6.14 + 1.04 0.922°
(kg/m?)
Physical performance | 0.95=+0.28 0.63+0.26 < 0.001°
(m/s)
Number of falls in the 0.019¢
last year
0 | 64 (79%) 11 (57.9%)
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1|16 (19,8%) 5 (26.3%)
2 or more | 1 (1.2%) 3 (15.8%)
Fractures among fallers | 11 (73.3%) 4 (80%) 1d
Instability 20 (24.7%) 13 (68.4%) <0.0012
Exercise frequency 0.724°
Never | 54 (66.7%) 15 (78.9%)
Rarely | 4 (4.9%) 0 (0%)
1-2 hours/per week | 8 (9.9%) 2 (10.5%)
More than 2 hours per | 15 (18.5%) 2 (10.5%)
week
Walking frequency 0.008¢
Never | 29 (35.8%) 12 (63.2%)
Less than 3 times per | 5 (6.2%) 3 (15.8%)
week
More than 3 times per | 47 (58%) 4 (21.1%)
week for at least 15
minutes
Osteoporosis 0.431¢
No | 37 (45.7%) 11 (57.9%)
Yes | 10 (12.3%) 1 (5.3%)
Don’t know | 34 (42%) 7 (36.8%)

a Pearson’s Chi-square test

b t-Test
¢ Mann-Whitney U Test

d Fisher’s exact test

e Fisher-Freeman-Halton Exact Test

Statistically significant differences are marked in bold

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,

appendicular skeletal mass
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Depending on the definition used, the prevalence of sarcopenia varied from 10%
(EWGSOP2, FNIH3) to 37% (IWGS) (Table 14). Table 15 summarizes the values of
sensitivity, specificity, PPV, and NPV, for the SARC-F questionnaire, using
EWGSOP2, FNIH2, FNIH3, and IWGS criteria consecutively as reference standards.
The sensitivity of this tool ranged from 27% (IWGS) to 50% (FNIH3) and the
specificity from 82.2% (EWGSOP2) to 85.7% (IWGS). Furthermore, all the PPVs,
which indicated the probability of presenting sarcopenia in case of a positive
screening test, were always below 60%, with a minimum of 15.8% (EWGSOP2) and
a maximum of 52.6% (IWGS). NPV values ranged between 66.7% (IWGS) to 93.8%
(FNIH3) indicating a high probability of actually not presenting sarcopenia when the
SARC-F is negative. Also, SARC-F was assessed against probable sarcopenia,
indicating 42.1% sensitivity, 86.4% specificity, 42.1% PPV, and 86.4% NPV.

Afterward, SARC-Calf was assessed against the same definitions of sarcopenia
and its validity results were compared to SARC-F (Table 15). Sensitivity was lower
than that of SARC-F. Specificity was improved, ranging from 95.6 to 98.4%. PPV
was much higher in all cases except for the FNIH3 definition. NPV was similar to that
of SARC-F. The same findings regarding sensitivity, specificity, and NPV were found
when SARC-Calf and SARC-F were compared against probable sarcopenia.
However, PPV was similar to that of SARC-F.

Table 14. Sarcopenia classification according to different definitions

Sarcopenia Total Men* Women* P value
Classification | (n =100) (n=41) (n=59)

Probable 19 (19%) 11 (26.8%) | 8 (13.6%) 0.096°
Sarcopenia

SARC-F 19 (19%) 6 (14.6%) 13 (22%) 0.3542
EWGSOP2 | 10 (10%) 7 (17.1%) 3 (5.1%) 0.086"
FNIH2 13 (13%) 9 (22%) 4 (6.8%) 0.0352
FNIH3 10 (10%) 7 (17.1%) 3 (5.1%) 0.086"
IWGS 37 (37%) 15 (36.6%) | 22 (37.3%) | 0.943?

a Pearson’s Chi-square test

b Fisher’s exact test
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*Percentages are presented within gender. Statistically significant differences are

marked in bold

Abbreviations: EWGSOP2, the European Working Group on Sarcopenia in Older
People 2; FNIH, the Foundation for the National Institutes of Health with 2 or 3

criteria, respectively; IWGS, the International Working Group on Sarcopenia

Table 15. SARC-F and SARC-Calf validated against different sarcopenia
definitions and probable sarcopenia

Sensitivity (%) | Specificity (%) | PPV (%) NPV (%)

EWGSOP2

SARC-F 30 82.2 15.8 914
SARC-Calf |20 96.7 40 91.6
FNIH2

SARC-F 38.5 83.9 26.3 90.1
SARC-Calf | 154 96.6 40 88.4
FNIH3

SARC-F 50 84.4 26.3 93.8
SARC-Calf |10 95.6 20 90.5
IWGS

SARC-F 27 85.7 52.6 66.7
SARC-Calf |10.8 98.4 80 65.3
Probable
sarcopenia

SARC-F 42.1 86.4 42.1 86.4
SARC-Calf | 105 96.3 40 82.1

Abbreviations:

PPV, positive predictive value; NPV, negative predictive value;

EWGSOP2, the European Working Group on Sarcopenia in Older People 2; FNIH,

the Foundation for the National Institutes of Health with 2 or 3 criteria, respectively;

IWGS, the International Working Group on Sarcopenia
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10.4 The relationship between

SARC-F questionnaire and

demographic characteristics and factors in daily life

Afterwards, considering the SARC-F questionnaire as a dichotomous variable

(two groups scoring < 4, or > 4, respectively), the relationship between SARC-F and

demographic characteristics and factors in daily life was examined. Table 16 shows

the observed bivariate relationships.

Table 16. Bivariate relationships between demographic characteristics and
and SARC-F questionnaire (reference category: control

factors in daily life
group)

Characteristics SARC-F questionnaire P value’
<4 >4
N % N %

Age? 72.5 6.47 75.5 7.40 0.074°
Gender 0.354°¢
Men | 35 85.4 6 14.6

Women | 46 78 13 22
Education level 0.851¢
Primary school | 30 76.9 9 23.1
High school | 24 85.7 4 14.3
IEK | 12 85.7 2 14.3
University, TEI | 14 77.8 4 22.2
Master, PhD | 1 100 0 0
Annual income 0.139¢
<8.000 euro | 31 86.1 5 13.9
8.000 — 15.000 euro | 30 71.4 12 28.6
> 15.000 euro | 20 90.9 2 9.1
CClI? 0.60 0.27 0.43 0.34 0.042¢
BMI (kg/h?) 29.00 5.59 28.95 3.36 0.970°
Muscle mass | 6.31 1.10 6.33 1.01 0.922°
(ASM/h?)
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Physical 0.95 0.28 0.63 0.26 < 0.001°
performance (m/s)
Osteoporosis 0.431f
Diagnosed | 10 90.9 1 9.1
0steoporaosis
Absence of | 37 77.1 11 22.9
0steoporaosis
Number of | 3.22 2.38 4.68 3.09 0.044¢
medications?
Polypharmacy 0.037f
Yes | 15 65.2 8 34.8
No | 66 85.7 11 14.3
Number of falls 0.019¢
None | 64 85.3 11 14.7
One | 16 76.2 5 23.8
2ormore |1 25 3 75
Bl2 98.09 3.22 87.37 15.03 <0.001¢
FSSa 2.34 1.14 3.78 1.53 < 0.001P
VAS? 3.93 2.58 6.42 2.24 < 0.001P
AlS? 3.99 3.19 8.11 4,58 <0.001¢
Sleep duration? 6.77 1.25 6.53 1.58 0.477°
Sleep medication 0.031¢
No | 60 87 9 13
Daily | 12 60 8 40
Occasionally | 9 81.8 2 18.2
Exercise frequency 0.724¢
Never | 54 78.3 15 21.7
Rarely | 4 100 0 0
1-2 hours/per week | 8 80 2 20
More than 2 hours | 15 88.2 2 11.8
per week
Walking frequency 0.008¢
Never | 29 70.7 12 29.3
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Less than 3 times | 5 62.5 3 375

per week

More than 3 times | 47 92.2 4 7.8
per week for at

least 15 minutes

Coffee consumption | 1.44 0.79 1.53 1.07 0.861°
per day?
Tea  consumption | 0.32 0.5 0.47 0.51 0.191°
per day?
Alcohol 0.433¢
consumption  per
week
052 81.3 12 18.8
> 600 | 10 83.3 2 16.7
500 |0 0 1 100
400 | 2 100 0 0
300 |5 100 0 0
<300 | 12 75 4 25
Instability <0.001°
Yes | 20 60.6 13 39.4
No | 61 91 6 9
Number of | 3.06 7.54 3.05 6.51 0.667°

cigarettes per day?

a Mean, standard deviation

b t-Test

¢ Pearson’s Chi-square test

d Fisher-Freeman-Halton Exact Test

e Mann-Whitney U Test

f Fisher’s exact test

tStatistically significant differences at the level 0.05 are marked in bold
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,
appendicular skeletal mass; Bl, Barthel index; FSS; Fatigue severity scale; VAS,

visual analogue scale; AlS, Athens insomnia scale
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After the bivariate analysis, a statistically significant relationship at the level of
0.20 (p < 0.20) emerged between the dependent variable ‘SARC-F questionnaire’ and
15 independent variables. For this reason, multivariate logistic regression was applied,
the results of which are presented in Table 17. If the p-value is less than 0.05, then the
variable is significant at the 5% level. According to the multivariate logistic

regression seems that:

1. Increased performance in daily activities according to the Bl was associated
with a reduced likelihood of having risk for sarcopenia based on the SARC-F

questionnaire.

2. Increasing self-reported fatigue according to VAS was associated with an
increased likelihood of having risk for sarcopenia based on the SARC-F

questionnaire.

3. Having increased sleep difficulties according to AIS was associated with an
increased likelihood of having risk for sarcopenia based on the SARC-F

questionnaire.

4. The explained variation in the dependent variable based on this model was
56.6% (Nagelkerke R Square).

Table 17. Multivariate logistic regression with SARC-F questionnaire as
dependent variable (reference category: control group)

Independent Coefficient | Odds Ratio 95% Confidence | P valuef
Variable b Interval

for Odds Ratio
Bl Score -0.321 0.725 0.595 -0.884 0.001
VAS Fatigue 0.361 1.435 1.064 — 1.936 0.018
AIS Score 0.267 1.306 1.053 - 1.620 0.015

tStatistically significant differences at the level 0.05 are marked in bold
Abbreviations: B, Barthel index; VAS, visual analogue scale; AIS, Athens insomnia

scale
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10.5 The relationship between muscle strength and demographic

characteristics and factors in daily life

The relationship between demographic characteristics, factors in daily life, and
muscle strength was examined in the sample of older adults. A statistically significant
relationship was found between muscle strength (kg) and age (p = 0.016), gender (p <
0.001), educational level (p = 0.004), number of medications (p < 0.001),
polypharmacy (p < 0.001), Bl (p = 0.017), FSS (p < 0.001), VAS (p = 0.001), AIS (p
= 0.024), use of sleep medication (p = 0.002), and alcohol consumption (p = 0.007)
(Table 18).

Table 18. Bivariate relationships between demographic characteristics and
factors in daily life and muscle strength value

Characteristics Mean Standard deviation | P valuef
Age -0.2412 0.0162
Gender <0.001°
Men | 34.21 8.8
Women | 21.24 5.0
Education level 0.004¢
Primary school | 23.44 7.8
High school | 25.41 7.6
IEK | 30.46 9.6
University, TEI | 32.35 11.6
Master, PhD | 21.10
Annual income 0.111°
< 8.000 euro | 24.45 7.31
8.000 — 15.000 euro | 26.70 9.38
>15.000 euro | 29.73 11.47
CClI 0.108¢ 0.287¢
BMI (kg/h?) 0.009° 0.933%
Muscle mass (ASM/h?) 0.4642 < 0.0012
Physical performance (m/s) 0.412% <0.0012
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Osteoporosis

0.338°

Diagnosed osteoporosis | 20.64 6.7
Absence of osteoporosis | 22.94 7.2
Number of medications -0.337¢ <0.001¢
Polypharmacy <0.001°
Yes | 20.93 5.9
No | 28.24 9.6
Number of falls 0.517¢
None | 26.89 9.8
One | 26.36 8.0
2 or more | 21.38 6.7
BI 0.238¢ 0.017¢
FSS -0.3632 <0.0012
VAS -0.3222 0.0012
AlS -0.023¢ 0.0244
Sleep duration -0.130? 0.1962
Sleep medication 0.002¢
No | 28.73 9.7
Daily | 21.06 6.1
Occasionally | 22.90 6.8
Exercise frequency 0.834°
Never | 26.00 9.6
Rarely | 26.88 8.0
1-2 hours/per week | 27.41 10.6
More than 2 hours per week | 28.24 8.1
Walking frequency 0.506°
Never | 26.77 9.8
Less than 3 times per week | 22.85 7.3
More than 3 times per week | 26.97 9.3
for at least 15minutes
Coffee consumption per day 0.041¢ 0.685¢
Tea consumption per day 0.021¢ 0.834¢
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Alcohol consumption per 0.007°¢
week
0 26.02 9.2
> 600 32.17 9.6
500 25.10 -
400 38.95 0.1
300 32.44 7.5
<300 21.21 6.9
Instability 0.910°
Yes | 26.71 10.4
No | 26.48 8.9
Number of cigarettes per 0.0609 0.553¢
day
a Pearson coefficient
b t-Test
¢ Anova test

d Spearman coefficient

TStatistically significant differences at the level 0.05 are marked in bold
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,
appendicular skeletal mass; Bl, Barthel index; FSS; Fatigue severity scale; VAS,

visual analogue scale; AlS, Athens insomnia scale

After bivariate analysis, a statistically significant relationship at the level of 0.20
(p < 0.20) emerged between the muscle strength and 15 independent variables. For
this reason, multiple linear regression was applied, the results of which are presented
in Table 19. If the p-value is less than 0.05, then the variable is significant at the 5%

level. According to the multiple linear regression seems that:
1. Older age was statistically significant associated with lower muscle strength.
2. Men had higher muscle strength than women.

3. Higher muscle mass was statistically associated with higher muscle strength.
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4. Better physical performance was statistically associated with higher muscle

strength.

5. The higher number of medications was statistically associated with lower

muscle strength.

6. Alcohol consumption more than 300 ml per week but less than 600 ml was

statistically associated with higher muscle strength.

7. The explained variation in the dependent variable based on this model was
69.7% (adjusted R Square).

Table 19. Multiple linear regression with muscle strength value as dependent

variable

Independent Variable | Unstandardized | 95% Confidence Interval P value®
Coefficients b for b

Age -0.356 -0.523 - -0.190 <0.001

Gender -11.107 -13.738 — -8.475 <0.001

Muscle mass 1.200 0.051 - 2.349 0.041

Physical performance | 6.969 3.357 — 10.581 <0.001

Total number of -0.560 -0.990 — -0.130 0.011

medications

Alcohol consumption -3.633 -6.467 — -0.798 0.013

less than 300ml/week

tStatistically significant differences at the level 0.05 are marked in bold

10.6 The relationship between probable sarcopenia and demographic

characteristics and factors in daily life

Afterwards, the relationship between demographic characteristics and factors in

daily life and the probable sarcopenia among the older adults was examined. A
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statistically significant association was observed between probable sarcopenia and age
(p <0.001), CClI (p = 0.003), the number of medications (p = 0.002), polypharmacy (p
= 0.037), walking frequency (p = 0.042), and instability (p = 0.043) (Table 20).

Table 20. Bivariate relationships between demographic characteristics and
factors in daily life and probable sarcopenia (reference category: control group)

Characteristics Probable Sarcopenia P valuef
No Yes
N % N %
Age? 71.52 5.56 79.58 7.47 < 0.001°
Gender 0.096°
Men | 30 73.2 11 26.8
Women | 51 86.4 8 13.6
Education level 0.799¢
Primary school | 31 79.5 8 20.5
High school | 24 85.7 4 14.3
IEK | 10 71.4 4 28.6
University, TEI | 15 83.3 3 16.7
Master, PhD | 1 100 0 0
Annual income 0.024¢
< 8.000 euro | 34 944 2 5.6
8.000 — 15.000 euro | 30 71.4 12 28.6
> 15.000 euro | 17 77.3 5 22.7
CCI? 0.62 0.26 0.37 0.33 0.003¢
BMI (kg/h?) 29.25 5.58 27.89 3.22 0.307°
Muscle mass 6.29 1.14 6.41 0.81 0.663"
(ASM/h?)
Physical 0.93 0.28 0.71 0.34 0.004°
performance (m/s)
Osteoporosis 1f
Diagnosed | 9 81.8 2 18.2
osteoporosis
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Absence of | 40 83.3 8 16.7
0steoporosis
Number of 3.20 2.59 4.79 212 0.002¢
medications®
Polypharmacy 0.037f
Yes | 15 65.2 8 34.8
No | 66 85.7 11 14.3
Number of falls 0.897¢
None | 61 81.3 14 18.7
One | 17 81 4 19
2 or more | 3 75 1 25
BI? 97.16 5.47 91.32 14.42 0.054¢
FSSa 2.53 1.23 2.96 1.71 0.207°
VAS? 4.33 2.68 4.68 2.81 0.612°
AIS? 4.43 3.44 6.21 5.04 0.172¢
Sleep duration? 6.60 1.24 7.21 1.51 0.070°
Sleep medication 19
No | 56 81.2 13 18.8
Daily | 16 80 4 20
Occasionally | 9 81.8 2 18.2
Exercise frequency 1d
Never | 55 79.7 14 20.3
Rarely | 4 100 0 0
1-2 hours/per week | 8 80 2 20
More than 2 hours | 14 824 3 17.6
per week
Walking frequency 0.0424
Never | 29 70.7 12 29.3
Less than 3 times | 6 75 2 25
per week
More than 3 times | 46 90.2 5 9.8

per week for at least
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15 minutes

Coffee consumption | 1.53 0.84 1.16 0.83 0.092¢
per day?
Tea consumption 0.36 0.51 0.32 0.48 0.781°
per day?
Alcohol 0.398¢
consumption per
week
0 53 82.8 11 17.2
> 600 11 91.7 1 8.3
500 1 100 0 0
400 2 100 0 0
300 4 80 1 20
<300 10 62.5 6 37.5
Instability 0.043¢
Yes | 23 69.7 10 30.3
No | 58 86.6 9 13.4
Number of 3.33 7.75 1.89 5.10 0.471¢

cigarettes per day?

a Mean, standard deviation

b t-Test

¢ Pearson’s Chi-square test

d Fisher-Freeman-Halton Exact Test

e Mann-Whitney U Test

f Fisher’s exact test

tStatistically significant differences at the level 0.05 are marked in bold
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,
appendicular skeletal mass; Bl, Barthel index; FSS; Fatigue severity scale; VAS,

visual analogue scale; AlS, Athens insomnia scale

After the bivariate analysis, a statistically significant relationship at the level of

0.20 (p < 0.20) emerged between the dependent variable ‘probable sarcopenia’ and 13
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independent variables. For this reason, multivariate logistic regression was applied,
the results of which are presented in Table 21. If the p-value is less than 0.05, then the
variable is significant at the 5% level. According to the multivariate logistic

regression seems that:
1. Older age was a statistically significant predictor of probable sarcopenia.

2. Older adults who walked more than 3 times per week for at least 15 minutes

were less likely to have probable sarcopenia.

3. The explained variation in the dependent variable based on this model was
44.9% (Nagelkerke R Square).

Table 21. Multivariate logistic regression with probable sarcopenia as dependent
variable (reference category: control group)

Independent Coefficient | Odds Ratio 95% Confidence P valuef
Variable b Interval for Odds

Ratio
Age 0.186 1.205 1.090 — 1.333 | <0.001
Physical -1.871 0.154 0.020 - 1.177 | 0.071
performance
Sleep duration 0.414 1.513 0.943 - 2.429 | 0.086
Walking frequency 0.121
Walking frequency / | -0.829 0.437 0.049 — 3.867 | 0.456
Less than 3 times
per week
Walking frequency / | -1.464 0.231 0.057 — 0.943 | 0.041
More than 3 times
per week for at least
15 minutes

TStatistically significant differences at the level 0.05 are marked in bold
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10.7 The relationship between confirmed sarcopenia and demographic

characteristics and factors in daily life

The relationship between confirmed sarcopenia, according to EWGSOP2

criteria, and demographic characteristics and factors in daily life was investigated and

the bivariate relationships are shown in Table 22. Confirmed sarcopenia was

statistically significant associated with age (p < 0.001).

Table 22. Bivariate relationships between demographic characteristics and
factors in daily life and confirmed sarcopenia (reference category: control group)

Characteristics Confirmed Sarcopenia P valuef
No Yes
N % N %
Age? 72.12 6.03 81.40 7.20 < 0.001°P
Gender 0.086°
Men | 34 82.9 7 171
Women | 56 94.9 3 5.1
Education level 0.090¢
Primary school | 35 89.7 4 10.3
High school | 28 100 0 0
IEK | 11 78.6 3 21.4
University, TEI | 15 83.3 3 16.7
Master, PhD | 1 100 0 0
Annual income 0.162¢
< 8.000 euro | 35 97.2 1 2.8
8.000 — 15.000 euro | 36 85.7 6 14.3
>15.000 euro | 19 86.4 3 13.6
CCla 0.59 0.28 0.43 0.33 0.114¢
BMI (kg/h?) 29.33 5.37 26.01 2.18 0.057°
Muscle mass (ASM/h?) 6.32 1.11 6.20 0.77 0.741°
Physical performance 0.90 0.29 0.84 0.39 0.576"
(m/s)
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Osteoporosis

0.572¢

Diagnosed osteoporosis | 10 90.9 1 9.1
Absence of osteoporosis | 45 93.8 3 6.3
Number of medications® | 3.42 2.68 4.20 1.23 0.074°
Polypharmacy 0.692¢
Yes | 20 87 3 13
No | 70 90.9 7 9.1
Number of falls 0.243¢
None | 69 92 6 8
One | 18 85.7 3 14.3
2 or more | 3 75 1 25
BI? 96.22 8.22 94.50 8.32 0.656°
FSSa 2.67 1.35 2.17 1.20 0.265"
VAS2 4.51 2.71 3.40 2.46 0.218°
AIS? 4.71 3.90 5.30 3.27 0.425¢
Sleep duration? 6,67 1,33 7.20 1.03 0.224°
Sleep medication 19
No | 62 89.9 7 10.1
Daily | 18 90 2 10
Occasionally | 10 90.9 1 9.1
Exercise frequency 0.617¢
Never | 63 91.3 6 8.7
Rarely | 4 100 0 0
1-2 hours/per week | 8 80 2 20
More than 2 hours per | 15 88.2 2 11.8
week
Walking frequency 0.328¢
Never | 35 85.4 6 14.6
Less than 3 times per | 7 87.5 1 12.5
week
More than 3 times per | 48 94.1 3 59

week for at least 15
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minutes
Coffee consumption per | 1.49 0.84 1.20 0.92 0.281°
day?
Tea consumption per 0.36 0.50 0.30 0.48 0.764°
day?
Alcohol consumption per 0.611¢
week
0|57 89.1 7 10.9
> 600 | 12 100 0 0
500 |1 100 0 0
400 | 2 100 0 0
300 |5 100 0 0
<300 |13 81.3 3 18.8
Instability 0.726°
Yes | 29 87.9 4 12.1
No | 61 91 6 9
Number of cigarettes per | 3.18 7.45 2.00 6.32 0.383°
day?

a Mean, standard deviation

b t-Test

¢ Fisher’s exact test

d Fisher-Freeman-Halton Exact Test

e Mann-Whitney U Test

TStatistically significant differences at the level 0.05 are marked in bold
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ASM,
appendicular skeletal mass; Bl, Barthel index; FSS; Fatigue severity scale; VAS,

visual analogue scale; AIS, Athens insomnia scale

88




After the bivariate analysis, a statistically significant relationship at the level of
0.20 (p < 0.20) was found between the dependent variable ‘confirmed sarcopenia’ and
7 independent variables. For this reason, multivariate logistic regression was applied,
the results of which are presented in Table 23. If the p-value is less than 0.05, then the
variable is significant at the 5% level. According to the multivariate logistic

regression seems that:

1. The older age was statistically significant associated with confirmed

sarcopenia.

2. The explained variation in the dependent variable based on this model was
35.1% (Nagelkerke R Square).

Table 23. Multivariate logistic regression with confirmed sarcopenia as
dependent variable (reference category: control group)

Independent Coefficientb | Odds Ratio 95% Confidence | Pvaluef
Variable Interval for Odds

Ratio
Age 0.175 1.192 1.078 — 1.317 <0.001
BMI -0.188 0.829 0.671-1.023 0.081

TStatistically significant differences at the level 0.05 are marked in bold

Abbreviation: BMI, body mass index
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Chapter 11

Discussion

This study attempted to investigate the relationship between daily life and
sarcopenia among Greek older adults. In addition, the translation, cross-cultural
adaptation, and validation of the SARC-F questionnaire into Greek, according to the
recommendations by EUGMS, were performed. The translated and culturally adapted
version of the SARC-F for the Greek language showed perfect agreement for inter-
rater and test-retest reliability and an acceptable level of internal consistency,

indicating that this version can be used with confidence by health professionals.

The results of the validation analysis indicated that SARC-F has a low
sensitivity but a high specificity and high NPV. The PPV was low but even very good
tests have poor PPV when applied to low-prevalence populations (175). These
findings indicate that SARC-F is an appropriate tool for use in Greek older adults for
ruling out those without sarcopenia. This represents a positive property of a screening
test, since when older adults score < 4 in SARC-F, it is considered strongly possible
that they are no sarcopenic. Therefore, it eliminates the need for various cost and
time-consuming device measurements such as muscle assessment by DXA or BIA
and attributes to SARC-F the ability to be used as a feasible and suitable tool in

community clinical settings.

The SARC-F has previously been translated and validated into Greek by
Tsekoura et al. (176). In that validation process, the SARC-F questionnaire was
assessed against only one definition (sensitivity 34.4%, specificity 93.2%, PPV 26.4,
and NPV 66.6%) and proved to be reliable in detecting with precision the absence of
sarcopenia. These findings, except NPV, are in line with the findings of the present
study. However, the current study enhances the validity of SARC-F since it is
assessed additionally against three sarcopenia definitions. One more difference
between the two studies is that the samples were recruited from different cities which

may explain possible differences in sample characteristics.
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Results regarding the validation of the SARC-F among community-dwelling
older adults in other languages are similar, highlighting the low sensitivity and PPV,
and the high specificity and NPV (59,61,62,66,69,70,72). The different validation
results in other studies may be due to different methodology or sample characteristics.
In the Romanian validation, older adults were recruited from nursing homes but there
were strict inclusion criteria, and were considered community-dwelling (64). The
mean age of participants in the German (79.1 + 5.2 years) and the Spanish (Spain)
populations (81.4 + 5.9 years) was much higher than the present study (65,72). The
findings of the current study are consistent with those in a recent meta-analysis aiming
at evaluating the diagnostic accuracy of SARC-F. Depending on the definition used,
the sensitivity ranged from 27 to 77%, and the specificity from 63 to 91% (177). The
authors concluded that despite some limitations, SARC-F, because of the high
practicability and specificity remains an effective screening tool for sarcopenia in the

older population.

The findings of the present study revealed that SARC-F is superior to SARC-
Calf regarding sensitivity. However, SARC-Calf indicated higher specificity and PPV
than SARC-F (except for FNIH3 definition) and similar NPV. Bahat et al. found
similar results when they compared SARC-F with SARC-Calf in a sample of the
Turkish population (68). On the other hand, other studies indicated improved
sensitivity of SARC-Calf in comparison with SARC-F (60,71,178). The different
prevalence of sarcopenia or the average age of the participants between these studies
and the current study may explain their improved, but not perfect sensitivity. The
performance of SARC-Calf among other populations e.g., nursing residents, or other
settings e.g., hospitals, where the prevalence of sarcopenia is higher, remains to be

further investigated.

The bivariate analysis revealed differences in the grip strength and gait speed
demonstrating that in the case of the SARC-F > 4 group, muscle strength and physical
performance, both basic components of sarcopenia, were statistically significant
correlated with SARC-F, enhancing the value of SARC-F as a screening tool for
sarcopenia. The risk of probable sarcopenia, assessed by muscle strength, was higher
in the group of older adults with SARC-F score > 4, highlighting the significant
relationship between probable sarcopenia and SARC-F. There was also a statistically

significant association between the SARC-F > 4 group and the number of medications
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(polypharmacy). The number of comorbidities, measured by CCI, the number of falls,
and instability were statistically significantly associated with SARC-F, indicating that
sarcopenic older adults may have more than one chronic disease at the same time and
a higher risk for falls. Also, walking frequency (minutes/week) seems to be low in
participants with risk for sarcopenia, enhancing the important role of physical activity

in the prevention of sarcopenia.

Afterward, aiming to investigate the possible factors in daily life that predict the
risk for sarcopenia, using the SARC-F questionnaire, a multivariate logistic regression
was performed. Finally, a statistically significant association was found between BI,
VAS, and AIS scores and the risk of sarcopenia, based on the SARC-F cutoff point.
Bl score was negatively associated with SARC-F, indicating that the functional
decline in daily activities increases the risk of sarcopenia among older adults. It is
already known that sarcopenia is associated with increased risk for functional
disability, assessed by various methods (179). The reverse relationship and especially
the relationship between functional status and the SARC-F questionnaire is less
examined in the literature. Being dependent on ADL, based on BI score, and IADL
were found to be independent factors for sarcopenia according to SARC-F among
community-dwelling older adults living in the Eastern Black Sea region of Turkey
(134). Functional limitation, assessed by the Older American Resources and Services
questionnaire contributed to an increased risk for sarcopenia (SARC-F) during the
COVID-19 pandemic in older Brazilian adults (180). In contrast, nonsignificant
association was found between Modified Barthel Index (MBI) and SARC-F among
older outpatients, although robust patients were generally more independent,
suggesting that conventional MBI alone is not multidimensional enough to identify

those at risk of sarcopenia (181).

This study found a positive relationship between self-reported fatigue, as
assessed by VAS but not with FSS, and the risk for sarcopenia, based on SARC-F
questionnaire. Although, the association between self-reported fatigue and incidence
or risk of falls, which are the mayor consequence of sarcopenia, is well established,
research on the correlation between self-perceived fatigue and sarcopenia is lacking.
In the multivariate logistic regression analysis, fatigue as evaluated by the Fatigue
Impact Scale total was determined to be associated with sarcopenia among geriatric

outpatients in Turkey (160). Interestingly, fatigue was rated among the five most
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important sarcopenia outcomes in a sample of 216 sarcopenic older adults (182),

confirming the need for fatigue management as a priority in the sarcopenia treatment.

The findings of this study show that the increased prevalence of sleep
difficulties can lead to a higher risk for sarcopenia. As earlier presented, there is a
strong relationship between sleep duration/quality and sarcopenia prevalence (141).
However, the association between the risk for sarcopenia, as evaluated by the SARC-
F, and the various sleep patterns is not well documented. Among older outpatients
with diabetes a statistically significant association was found between sleep quality
and sarcopenia using SARC-F (183). Also, Huang et al. highlight the positive
association between SARC-F and wake time but not bedtime and midsleep time
among community-dwelling older adults (184). Moreover, SARC-F was positively
correlated with poor sleep quality among outpatients in Turkey (185). Interestingly,
poor sleep quality based on AIS was associated with sarcopenia in normal sleepers,

but not in long Japanese older sleepers (186).

The investigation of muscle strength-related factors indicated the well-
established in literature impact of age and sex in muscle strength. The older age and
the female gender were associated with lower muscle strength after adjusting for
various covariates. To the same conclusion came in their review de Lima et al,
Doherty, and a study among older Chinese, confirming the same age- and sex-related

differences in muscle strength (187-189).

Afterwards, in this study, a positive correlation between muscle strength, as a
dependent variable, and mass was found. Earlier studies evaluating muscle strength
and mass with different methods (e.g. grip strength or quadriceps strength, BIA or
DXA, respectively) and after adjusting for age and sex have concluded that there is a
positive correlation between muscle strength and mass, but without performing a

regression model in all cases (190-193).

In the current study, a positive association between physical performance and
muscle strength was observed, indicating that the measurement of the usual gait speed
could predict the muscle strength, in settings where equipment for the assessment of
muscle strength (e.g., a hand dynamometer) is lacking. Across the literature, the
researchers have used various methods for exploring the relationship between muscle

strength (knee extension, grip strength, flexion strength) and physical performance
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(gait speed, time required for five repeated chair stands, TUG, SPPB) (190,193-196).
Their findings show a positive significant relationship as well between muscle

strength and physical performance among older adults (190,193-196).

The relationship between sarcopenia and polypharmacy or the number of
medications has been widely explored by many researchers, indicating an association
between sarcopenia or risk for sarcopenia and polypharmacy or the number of
medications in community-dwelling older adults (197,198). However, only a few have
studied the relationship between muscle strength (component of sarcopenia) and
polypharmacy or the number of medications. In this study, after the multiple linear
regression, a statistically significant negative relationship between muscle strength
and the daily number of medications was found. This agrees with previous findings by
Manjavong et al. in a sample of Thai older adults. Nevertheless, most studies
highlight the statistically significant association between muscle strength (or probable
sarcopenia, defined by muscle strength) and polypharmacy, not just the number of
medications (199,200). However, polypharmacy depends on the definition used in
each study and there are plenty of definitions met across the literature (201), while the
number of medications is a more objective criterion. Contrary to the aforementioned
studies, no significant association between muscle strength and polypharmacy was
found after multivariable adjustment among German older persons (202). This could
be explained by the fact that they recruited old and very old as well as a great
proportion of chronically ill persons and they averaged three efforts of handgrip

measurements instead of using the maximal value as in most studies (202).

According to the present study, moderate alcohol consumption, more than 300
ml per week was associated with higher muscle strength among older adults. Based on
the Mediterranean food pattern, alcohol consumption for adults less than 700 ml per
day can be protective against cardiovascular diseases (203). Therefore, it seems that
among older adults moderate alcohol consumption may act beneficial for their muscle
function. However, the findings in the literature about alcohol consumption and its
relationship with muscle strength among older adults are limited and inconclusive.
Compared with current moderate drinkers, non-drinkers had significantly poorer
function (including muscle strength) among a sample of older women (204). Doyev et
al. found no association between alcohol consumption and muscle strength among

older persons in Israel (205). In another study with no primary focus on the
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investigation of the abovementioned relationship, alcohol consumption was
independently associated with hand grip strength in the older population (206).
However, a meta-analysis concludes that alcohol consumption is not a risk factor for
sarcopenia (muscle strength included) and even more it could have a protective role
against sarcopenia (207). Nevertheless, it is not easy to evaluate alcohol consumption
due to an important variability and a lack of objectivity in the description of alcohol

exposure (207).

In this study, age was found to be a predictor of probable and confirmed
sarcopenia, as it is well described in the whole literature. Probable sarcopenia depends
on muscle strength cutoff points, as discussed above. Sarcopenia has long been
associated with advanced age and characterized as an age-related disease (26).
However, the development of sarcopenia has recently been recognized to begin earlier
in life (17). A systematic review and meta-analysis revealed that the overall
prevalence increased with increasing age in years; however, this was not statistically
significant (30).

Last but not least, the current study demonstrates that walking more than 3 times
per week for at least 15 minutes was statistically associated with decreased risk of
probable sarcopenia. Although the protective role of physical activity against
sarcopenia development and probable sarcopenia has been widely documented (208—
210); studies focusing on the association between probable sarcopenia and walking
frequency are not sufficient. Iwasaka et al. suggested that 8000 steps per day could
prevent sarcopenia (211). The decreased sum of walking as physical activity and
utilitarian walking proved to contribute to a higher risk of sarcopenia (based on
SARC-F) in older adults during the COVID-19 pandemic (180). On the other hand,
sedentary behavior through perpetuating the anabolic resistance, may precipitate the
decline of muscle mass and, eventually, muscle strength or function, a combination
that leads to sarcopenia (212). In contrast, walking, described as low physical activity
by the International Physical Activity Questionnaire Short Form (IPAQ-SF) is not
associated with the risk of sarcopenia among Chinese community-dwelling older
adults living alone (213). Low-intensity activities such as slow walking and light
household chores may not act sufficiently as physiological stimuli for muscle strength
maintenance among older adults; therefore, they may have no impact on the risk of

probable sarcopenia (214). In addition, self-reported difficulty in walking 400 m is

95



related to a significantly higher risk of probable sarcopenia (215) which may explain

the low walking frequency in some cases.

The present study offers evidence of possible relationships between different
concepts of sarcopenia and characteristic and factors in daily life among older adults.
Through a comprehensive geriatric assessment, health professionals may identify
early signs of sarcopenia and proceed with successful management. Especially,
nurses, due to the plenty of time spending with older adults in all settings, have a key
role in the early detection of sarcopenia, using screening tools such as SARC-F (216).
The reliability of SARC-Calf remains under consideration. Therefore, it must be
further assessed in different populations. In addition, the recognition of possible
related factors in daily life may help them refer earlier the persons at risk to a
specialized medical team. However, future research needs to include large samples of
older adults and use multiple methods for the assessment of related factors in daily
life so that sarcopenia can precisely be related to specific, possibly reversed, modified
factors.

11.1 Strengths and limitations of the study

Strengths of this study include the novelty of investigating the relationship
between various aspects of sarcopenia and important daily life factors among
community-dwelling older Greeks. Moreover, this study is the first in Greece which
examines the validity of SARC-F against four currently agreed and commonly used
definitions of sarcopenia. In addition, the combination of SARC-F with the
measurement of CC was attempted and its validity was compared with that of SARC-
F alone. On the other hand, this study has some limitations. Due to the small size of a
convenience sample, the findings regarding the relationship between sarcopenia and
daily life factors cannot be generalized to all older Greeks. Also, a BIA device for the
assessment of muscle mass was used, instead of more precise, but expensive and less
convenient techniques. Nevertheless, a BIA equation was used and BIA remains
under some circumstances an acceptable method for the estimation of muscle mass

(83). In addition, the measurement of CC may in some cases hide possible sarcopenic
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obesity due to the intramuscular or subcutaneous adipose tissue deposition in obese
subjects (71). Moreover, fatigue and sleep difficulties were self-reported, based on
subjective criteria. Nevertheless, validated scales were used. Although objective
methods of fatigue and sleep assessment exist, remain reliable but not always feasible
and convenient (84,153).
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Chapter 12

Conclusions

The increase in life expectancy brings older people more and more faced with
age-related conditions. Sarcopenia is prevalent among older people and may lead to
adverse health outcomes. Therefore, there is a critical need for researchers to
investigate effective ways for the prevention, early detection, and treatment of
sarcopenia. This study gave valuable insights into early sarcopenia screening and the
existence of possible connections between risk for sarcopenia or probable sarcopenia
and usual factors in everyday life. Health professionals in the community and multiple
geriatric settings may consider these factors in their daily practice and assist in this

way in the effective management of sarcopenia.

Health professionals and especially nurses could contribute to the early
detection of sarcopenia, using the SARC-F screening tool. The Greek version of
SARC-F could identify with accuracy community-dwelling older adults without
sarcopenia. Those at risk for sarcopenia may then be referred for further examination.
Thus, the older adults without risk for sarcopenia avoid the inconvenience involved in
the diagnosis procedure (e.g., BIA measurement, DXA exam, blood tests). Moreover,
the burden cost of this procedure is confined only for those in need. The functional
status, self-reported fatigue, and sleep difficulties may predict the risk for sarcopenia.
The higher walking frequency was associated with a lower incidence of probable
sarcopenia. Aging seemed to be a risk factor for both probable, confirmed sarcopenia,
and lower muscle strength. In addition, muscle strength, the basic characteristic of
sarcopenia, was associated with factors such as gender, muscle mass, physical

performance, number of medications, and alcohol consumption.
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Recommendations for future research

There are a number of gaps in our knowledge around sarcopenia among older
adults in research that follow from this study and would benefit from further research.
First of all, consensus on the definition of sarcopenia is required to be reached by the
scientific society, involved in the research for sarcopenia. Otherwise, the estimation of
the sarcopenia prevalence and the investigation of relationships between sarcopenia
and other factors will remain difficult. The utility of SARC-Calf needs to be further
studied in more vulnerable populations, where the prevalence of sarcopenia is higher.
For example, the assessment of SARC-Calf in nursing home residents may enhance
its sensitivity.

Future research needs to include larger and different populations of older adults,
to confirm associations between sarcopenia and demographic characteristics, chronic
health disorders, prescribed medication, lifestyle factors, and habits in everyday life. It
is already known that such factors are related to the mechanisms involved in
sarcopenia pathway, but it remains not well understood how they exactly influence the
beginning and the evolution of sarcopenia. Moreover, future research should clarify
the causal relationship between sarcopenia and chronic health disorders and daily life
factors such as functionality, fatigue, and sleep difficulties. This study explored if
these factors could predict or contribute to sarcopenia. However, there is evidence that
sarcopenia may lead to changes in sleep patterns or self-perceived fatigue. Therefore,
prospective studies are needed to focus on the causal relationship between sarcopenia
and daily life factors. These studies should also take into consideration the different
population specificities such as the frailty status among nursing home residents or the

gene expression, and the different diet, which characterize the different ethnicities.
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Abstract

Background: Sarcopenia is a muscle disorder, prevalent in the aging population.
Sarcopenia leads to adverse health outcomes, such as falls, fractures, impaired
functionality, and poor quality of life. Health professionals may prevent, delay, treat,
and sometimes even reverse sarcopenia by way of early detection and evidence-based
interventions. Nurses spend a lot of time working next to older adults. Therefore, their

role in managing sarcopenia and the screening process is of great importance.

Objective: To investigate the relationship between sarcopenia and health indicators

and factors of daily life in a sample of the Greek older population. More specifically
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this study aims to translate and validate the SARC-F screening tool in Greek and
explore the relationship between different concepts of sarcopenia and functionality,

fatigue, and sleep patterns.

Methods: For the translation and validation of SARC-F the recommended steps by
European Union Geriatric Medicine Society (EUGMS) Sarcopenia Special Interest
Group were followed. The SARC-Calf tool was created by the combination of SARC-
F and calf circumference. A cross-sectional study was conducted among community-
dwelling older adults, using a convenience sampling method. The participants were
recruited from July 2020 to October 2022, either as outpatients or their companions in
a Greek public hospital or community settings and organizations. They were included
in the study if they were > 65 years old, able to walk with or without the use of an aid,
able to communicate in Greek, willing to complete the survey, and provided written
consent to participate. Individuals were excluded if they met the following criteria:
severe cognitive disorders, making unreliable the communication and the information
retrieval, having a pacemaker or implanted defibrillator due to the use of a
bioimpedance analysis (BIA) device, suffering from acute or chronic health problems
that do not allow them to answer questionnaires and perform the required
measurements, providing no writing consent. Participant information was collected
through face-to-face interviews. For the diagnosis of sarcopenia muscle strength was
assessed by a digital hand-grip dynamometer, muscle mass by a BIA device, and
physical performance by the 4-m walking test. Data were collected about
demographic characteristics, medical history, medication use, and lifestyle factors.
Barthel index (BI) was used to evaluate functional status. Self-reported fatigue was
assessed using the Fatigue Severity Scale (FSS) and the Visual Analogue Scale
(VAS). Sleep difficulties were retrieved by the Athens Insomnia Scale (AlS) and the
sleep duration was self-reported.

Results: SARC-F was translated and cross-cultural adapted in Greek. In the pre-test
10 persons were recruited aged > 65 years, 5 men and 5 women. The second
population consisted of 22 persons aged > 65 years, median age 71, range 65-97, 11
men, 11 women. Inter-rater and test-retest reliability determined by kappa index, both
showed a total kappa index of k = 1; p < 0.001 (perfect agreement). Internal
consistency by Cronbach’s alpha was 0.657 which indicates an acceptable level of

consistency. For the clinical validation of SARC-F and the investigation of possible
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relationships between sarcopenia and factors in daily life, 100 community-dwelling
older adults (median age 72.50 £+ 9 years old, 59% women) were recruited. Based on
the updated European Working Group on Sarcopenia in Older People definition
(EWGSOP2), the prevalence of sarcopenia was 10% in the whole study population,
7% men and 3% women. The Greek version of SARC-F was assessed against four
operational definitions of sarcopenia and probable sarcopenia. Based on the definition
used for sarcopenia, its sensitivity ranged from 27 to 50%, specificity from 82.2 to
85.7%, negative predictive values (NPVs) between 66.7 and 93.8%, and positive
predictive values (PPVs) were always below 60%. The SARC-Calf demonstrated
improved specificity (95.6 to 98.4%) but lower sensitivity (10 to 20%) than SARC-F.
NPV was similar to that of SARC-F, but PPV was much higher in all cases except for
the definition by the Foundation of the National Institutes of Health (FNIH/3 criteria).
SARC-F, against probable sarcopenia, demonstrated 42.1% sensitivity, 86.4%
specificity, 42.1% PPV, and 86.4% NPV. SARC-Calf, against probable sarcopenia,
indicated in contrast to SARC-F, lower sensitivity (10.5%), improved specificity
(96.3%), similar NPV (82.1%), and PPV (40%). After the multivariate logistic
regression, Bl (OR 0.725; 95% CI1 0.595 — 0.884, p = 0.001), VAS fatigue (OR 1.435;
95% CI 1.064 — 1.936, p = 0.018), and AIS (OR 1.306; 95% CI 1.053 - 1.620, p =
0.015) seem to predict SARC-F score. A positive association was found between age
and probable sarcopenia (OR 1.205; 95% 1.090 — 1.333, p < 0.001) and confirmed
sarcopenia (OR 1.192; 95% CI 1.078 — 1.317, p < 0.001). Walking frequency was
found to be associated with probable sarcopenia (OR 0.231; 95% CI 0.057 — 0.943, p
= 0.041). After multiple linear regression, muscle strength, the key characteristic of
sarcopenia, was associated with age (coefficient b -0.356, 95% CI -0.523 —-0.190, p <
0.001), gender (coefficient b -11.107, 95% CI -13.738 — -8.475, p < 0.001), muscle
mass (coefficient b 1.200, 95% CI 0.051 — 2.349, p = 0.041), physical performance
(coefficient b 6.969, 95% CI 3.357 — 10.581, p < 0.001), number of medications
(coefficient b -0.560, 95% CI -0.990 — -0.130, p = 0.011), and alcohol consumption
(coefficient b -3.633, 95% CI -6.467 — -0.798, p = 0.013).

Conclusions: The Greek version of SARC-F demonstrated perfect inter-rater and test-
retest reliability and an acceptable level of consistency. SARC-F appears to be a
useful screening tool for nurses, precisely to rule out community-dwelling older adults

without sarcopenia. Factors in daily life such as functional status, self-reported
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fatigue, and sleep difficulties were associated with risk for sarcopenia, based on
SARC-F questionnaire. Age was a risk factor for lower muscle strength, probable and
confirmed sarcopenia. Walking frequency demonstrated a negative association with
probable sarcopenia. Gender, muscle mass, physical performance, number of
medications, and alcohol consumption could be used as a predictive indicators of
muscle strength. Future research is required to focus on more vulnerable populations
for the assessment of SARC-Calf and to include larger samples of older populations to
determine significant relationships between sarcopenia and factors in daily life.
Moreover, it is important for the future research to focus on the consensus regarding

the definition and the diagnostic criteria for sarcopenia.

Keywords: sarcopenia, older adults, nurses, SARC-F, daily life
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AIAAKTOPIKH AIATPIBH

IHepiinyn

Ewoyoyq: H ocoapkomevio eivor o poikny voécog, 1dwitepo  ovyviy GTOLG
nikiopévovs. H capromevio odnyel oe dvoueveic ekPacelg v v vyesia, OmmG
TTOOCELS, KOTAYHOTO, HEWOUEVN AEITOLPYIKOTNTA KOl QTOYN mowdtnta (ong. Ot
enayyeApatieg vyeiag pmopohv va mpoidfovv, va kabvotepnoovy, va Bepomedcovv
KOl UEPIKES QPOPEC OKOUN KOl VO OVACTPEYOLV TN COPKOTEVIOL HEC® EYKOIPTG

aviyvevong Kot TeEKUNPLOUEVOV Topepfacemy. Ot VOONAELTEC TEPVOUV TOAD YPOVO
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dovAgvovtag dimla oe NMKIOUEVOVC. ¢ €K TOVTOV, 0 POAOG TOVG GTN dlaXElpion NG

GOPKOTEVING KOl GTOV TPOCVLUTTOUATIKO EAEYYO TNG £ivat TOAD ONUOVTIKOG.

Yxomdg: H depegvvnon g oxéong g GopKomeviog te OEIKTEG VYEING KO TAPAYOVTES
™m¢g kabnuepwng Cone oe dstypo nAMKiouévov tov eAAnvikov mAnbvouov. ITo
GLYKEKPLUEVA, OVTN 1 HEAETN 0TOYEVEL VO peTappdostl Kot vo otafpicel to epyoieio
TPOcLUTTOUATIKOD eAEYYov SARC-F oto eAAnvikd Kot va Slepeuvioel T oyéon

OLAPOP®V EVVOLDV TNG GOPKOTEVIOG LLE TN AEITOLPYIKOTNTA, TV KOTMGT Kot TOV VITVO.

MebBodoroyia: Ta ™ petdppacn kot ™ otdbuion tov SARC-F akoiovOndnkav ta
mpoTinopeva Prpata g Opddag Ewdwod Evdweépovtog yuo ) Zapkomevio Tng
European Union Geriatric Medicine Society (EUGMS). To epyaieio SARC-Calf
onuovpynnke and to cvvdvacud tov SARC-F pe mv mepipépeio e kviung.
AEeENyOn ovyypovik HEAETN G€ MAIKIOUEVOLG TOV KATOIKOUV GTNV KOwotnta,
YPNOLOTOLDVTOG OEYHOTOANYio gvKoAiag. Ot GUUUETEXOVTEC CLYKEVTPOONKAY Ao
tov IovAo Tov 2020 £mg Tov OxtmdPpro Tov 2022, gite o¢ eEmtepikol acheveic gite g
ot ocvvodol tovg og eAMNVIKO OMUOGLO voookopeio 1 otV KOwOTNTA Kol OF
0PYOVAOCELG. ZOUTEPIMEONKAY 6T PEAETN GV NTAV > 65 €TMOV, IKAVOL VO, TEPTOTOVV
pe M yopig ™ ypnon Pondnuotog, Kavoi vo EXKOWVOVOHV otV EAANVIKY] YA®GCGO,
TpdBupot va avtomokpldodv otV £pguva Kol av Tapelyav ypamty| cvykatdbeon yuo
ocoppetoyn. Amokieiomnkav 6cot mAnpovcav To akdAovBo kpuripla:  GoPapés
YVOOTIKEG d0TaPa)ES, KANGTOVTAG OVaEIOTIOTN TV EMKOVOVIO KOl TNV avAKTNOoN
TANPOPOPLOV, OCOL glyov PNUATOOOTN N EUPLTEVUEVO AMIVIO®MTH AGY® TNG YPNONG
ovokevng Biloniektpikng Eumédnong (BIA), 6cot émacyav amd o&H M ypdvio
TPOPAN U VYElOG TOV dEV TOVS EMETPETE VO AMOAVIIGOVV GTO EPOTNLOTOAIYLO KoL VoL
TPUYLOTOTOWCOVY TIC OMOITOVUEVES UETPNOES Kol OGOL Ogv Tapelyov ypomt)
ovykatdBeon. Or TAnpoeopieg TV GLUUETEYOVT®OV GLAAEYINKAV HEGH GLUVEVTELEEMV
npdécono pe mpocwmo. Mo t Odyvoon ™ ocopkomeviag 1 ULIKY dvvaun
aglohoynOnke pe ynolokd dSuvapOUeTpo xeporafng, n poikn palo pe cvokevn BIA
Kol 1 COUATIKY] omddoon He To Te0T Pdoiong 4 pérpov. ZvArExOnkav dedopéva
OYETIKO HE TO OMUOYPAPIKA YOPOKTNPIOTIKE, TO 1TPIKO 16TOPIKO, TN YPNom
eoppakmv kot tov Tpoémo (ong. O deiktng Barthel Index (BI) ypnowomominke yo
™mv a&oAdynon g Aertovpykotntag tov cvppeteydviov. H avtoavapepdpevn
konwon aloloynnke ypnowonowwvtag v Fatigue Severity Scale (FSS) kot v
Visual Analogue Scale (VAS). Ot dvokoAieg otov vmvo ektipuinkav pe tv Athens
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Insomnia Scale (AIS) kot ot {6101 01 GUUUETEXOVTEG TPOGAOPIGAV TN OLAPKELNL TOV

VITVOL TOVC.

Amotehéopata: To SARC-F petappdotnke kol mpocaplocTnke oTo EAANVIKA. TO
pre-test mpov pépog 10 dropa nAkiag > 65 etmv, 5 dvdpeg kot 5 yovaikeg. Katomy,
ocvppeteiye pia devTePN opdda mov amotelovvtay and 22 dtopa nAkiog > 65 tdv,
pe odpeon nakio ta 71 €, edpog 65-97, 11 avopeg, 11 yovaikeg. H a&lomiotio
UETOED TV Pabuoroynt®dv Kot HeTal) TV S0y IK®V SOKIUMV TPOGOOPIoTNKE oo
tov deiktn Kappa, kat otig 600 mepmtdoelc 0 cuVOALKOg dsiktng Kappa ntov k = 1. p
< 0,001 (térela cvpgpovia). H ecwtepikn cuvoyn a&loloyoduevn e TOV GUVIEAECTN
Cronbach's alpha fjtav 0,657 mov vrodnAmdvel £va 0modekto eninedo cuvoyng. o v
KAhvikn otdBuon tov SARC-F wor ) depgvvnon miboavav oyéoemv petald
capromeviag kot mopaydviov oty Kanuepwvr Lon, mpav pépog 100 nAkuiopévol
otV kowdtta (d1dpeon niwia 72,50 £ 9 €, 59% yvvaikec). Me Bdaon tov vedtepo
optopd ¢ European Working Group on Sarcopenia in Older People (EWGSOP2), o
emmolacpdg ™ capkomeviag Ntav 10% ce oAoKANpo tov mAnbuoud g perémg, 7%
oTovuG Avdpes Kot 3% oTig yuvaikeg. H eAnvikn exdoyn tov SARC-F a&roroynOnke
€VOVTL TECCAP®V  AELTOVPYIKOV OPICUMV 1TNG COPKOTEVIOG Kol Tng mOavig
copkomeviag. Me Pdon tov ekdotote opiopud woOv  yPNOWOTOMONKE Yo TN
capromevia, n evacnoioa tov SARC-F kvpowvotav and 27 €wg 50%, n edkdTTA
amo 82,2 éwg 85,7%, n apvnrikn mpoyvootikés Tiun (NPV) petald 66,7 ko 93,8%
Ko 1 Ogtikn wpoyvwotiky T (PPV) frav mévta kéte ond 60%. To SARC-Calf
enédelte Pertiopévn ewdkotra (95,6 £mg 98,4%) arld yoaunAdtepn evaucncio (10
£€w¢ 20%) and to SARC-F. H NPV 1jtav mapopoia pe avtr tov SARC-F, aArd n PPV
NTOV TOAD LYMAGTEPT EKTOC OO TNV TEPITTMGN TOL YPNGLULOTOMONKE 0 OPIGUAS TOV
Foundation of the National Institutes of Health (FNIH pe 3 kpiripia). To SARC-F,
évavtt ¢ mbovng capkomeviag, enedeile 42,1% evaioOnoia, 86,4% edkdTO,
42,1% PPV ka1 86,4% NPV. To SARC-Calf, évavti g mBavng capkomeviog, £0e1&e
og ovykpion pe to SARC-F yaunidtepn gvaicOnoia (10,5%), Pehtiopévn dkdtra
(96,3%), mapopow NPV (82,1%) wor PPV (40%). Metd v moAvpetafint
Loyiotikn molvopdunon, o Bl (OR 0.725; 95% CI 0.595 — 0.884, p = 0.001), n
konwon a&loroyovuevn pe v VAS (OR 1.435; 95% CI1 1.064 — 1.936, p = 0.018),
kot 1 AlIS (OR 1.306; 95% CI 1.053 — 1.620, p = 0.015) ¢aivetotl vo wpofAémovy

Babuoroyio oto SARC-F. Octikn cvoyétion Bpébnke avdapecsa oty niwkio Kot tnv
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mBov capkonevia (OR 1.205; 95% 1.090 — 1.333, p < 0.001) ko v emPePormpévn
ocapkomnevia. (OR 1.192; 95% CI 1.078 — 1.317, p < 0.001). H cvyvoémrto Badiong
Bpétnke va oyetileton pe v mbovn capromevia (OR 0,231; 95% CI1 0,057 — 0,943, p
= 0,041). Metd amd TOAAOTAY YPOUIKY TOAVOPOUNGY, TapoTnpiOnKe cLoyETIoN
avlpeco otn Hoikn dvvaurn, 1o Pactkd YopOKTINPIoTIKO TNG COPKOTEVING, KOl TNV
niikia (ovvtereotg b -0,356, 95% CI -0,523 — -0,190, p < 0,001), to @OAO
(ovvteheotg b -11,107, 95% CI -13,738 — -8,475, p < 0,001), ™ pviky palo
(ovvteheotg b 1,200, 95% CI 0,051 — 2,349, p = 0,041), ™ copatikny amddoon
(ovvteheotig b 6,969, 95% CI 3,357 — 10,581, p < 0.001) tov apiBuo tov
AopPavopevov eapudkmv (cvvteleotmg b -0,560, 95% CI -0,990 — -0,130, p =
0,011), kot v Katavadiwon oAkodd (cvviedeotg b -3,633, 95% CI -6,467 — -0,798,
p =0,013).

Yvunepdopata: H edinvicn exdoyn tov SARC-F enédeile téheta aomotio petald
TOV 0E0A0YNTOV KoL HETOED TOV ETMOVOANTTIKOV OOKIUOV KOl OTOOEKTO EMIMEDO
eootepikng ovvoyns. To SARC-F oaiveton va givor éva ypnowo epyaieio
TPOCVLUTTOUATIKOD EAEYYOV Y10 VOOMAELTEG, Yoo va pmopoOv pe okpifela vo
evtomilovv otV Kowotnto MAKIopEvoug ympic capxomevia. Ilapdyovteg otnv
kaOnuepvn o1, OTwg T0 EMIMESO AELTOVPYIKOTNTOGC, 1] AVTOAVAPEPOUEVT] KOTMOT) KO
01 SVOKOAIEG GTOV VTIVO GLGYETIOTNKAY LE TOV KivOuvo Yoo capkomevia, pe Pdomn to
egpotuatordylo SARC-F. H nlia jtav évag mopdyovtog Kivdohvou yia youniotepn
poikn duvaun, mbavr kol emPefaropévn capromevia. H cuyvotnta Bdoiong £deite
apvnTIKY cvoyétion pe v mhavn capkomevia. To @OAo, n poikny palo, n COUATIKY
amddoon, o apluog TV ANEBEVIOV QapUAK®OV Kol 1 KOTOVOA®OT OAKOOA Oa
UTOPOVGaV VO, XPNCHOToBodV ¢ TPOyvOOTIKOl O&ikTeC TNG HLIKNAG dVVOuUNG.
Amonteitor 1 HeEAAOVTIKY €peuva Vo, TKEVIP®OEL 6€ TO €LAADTOVG TANOLGLOVS Yo
mv  a&oroynon tov SARC-Calf kot va ocvumepilafel  peyoivtepo  apOpd
NAKIOUEVOV Y10 VO, TPOGOIOPIGTOVV CNUOVTIKEG GYECEIS LETAED TNG COPKOTEVING KO
Tapoyovtev oty Kadnuepivn (on. Eriong, etvoar onpavtikd ot endpeveg Epevves va
ECTIOOVY OTNV EMITEVEN CLUEOVIOG MG TPOG TOV OPICUO Kol TO OLOYVOOTIKG

KPLTNP1a TG GOPKOTEVIOG.

AéEeig — Khed1d: capromevia, nAikiopévot, voonievtés, SARC-F, kabnuepvdtnra
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ENTYIIO YT KATAGEXHX XE EPEYNA

Koleiote vo mapete pépog oe épevva mov odegayetor amd to EBvikd kot
Komodiotprokd Iavemomuo Adnvov — Tuqua Noonievtiking kot v EAAnviknm
['epovtoroykn| ko I'mpratpikr| Etoupeia.

YKOMOG TNG EPEVVOG

Me 10V 6po capkomevia VOgiTol 1 amdAEW LOIKAG HAlag H/Kal Houiknig Aertovpyiog.
Baowog oxomdg g épevvag eivor m diepedvnomn g GxEong NG COPKOTEVIOG e
ONUOYPAPIKE GTOYEIDL KOt YOPAKTNPIGTIKA THG KoONUeEPVOTNTOG GE Ogiyla aTOn®V
¢ Tpitng HAkiog tov eAdnvikov minbuopod. EmmAéov okomdg sivor m petappaon
kot mn  otdbuion tov  gpotnuatoroyiov  SARC-F ota eAAnvikd, Tto omoio
ypnowonoteiton ot o1ebvn Piproypagio o epyoreio doioyng (evromiopod) twv

capromevik®v atopmv Tpitng Hluiog.

Al001KaGio

Epbocov deyteite va ovupetéyete oty épevva, 0o xkinbeite vo amavtioete o€
EPOTNUATOAOYI0 7oL Ba  cLAAEyel mAnpogopieg Yo To  OMUOYPOOIKE GOG
YOPOKTNPIOTIKA, TNV KATACTOON TNG vysiog cog, ™ ANYN QOPUAK®OV KOl TOLG
Topayovteg Tov EnNPeAlovy TV vYEia, OTMG OATPOPIKES, KAMVIOTIKEG GUVNOEIEG KO
oOUATIKN doknor. Oa yivel Katoypagn TapapeTpov OTms eival 1o Papoc, To Vyog, N

TEPLPEPELL TNG LEONMG, TOV 1oYiov Kot M TePineTpog G kvAuNG. O VTOAOYIGHOS TG
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poikng pdlog Ba yiver pe ) ypnon Proniextpikng epmédnong (BIA). H a&loldynon
™G Hikng ovvaung o Paciletor otn SOvaun AoPng TV ¥epudV pHe T YPNON
YEPOSVVOAUOUETPOV, EVD 1) EKTIUNON NG PLGIKNG dpactnpdtrag Ba TepriapPavet
v TovTTo PAdiong 1eccdpov HETpwV. Oa Anebel emiong delypo aipotog, oto
omoio Oa  efetactoblv  ovyKekpluévol  mopdaueTpol  (25-vdpo&v  Prrapivn D,
mopabopuovn, aoPEcTIo, POGPOPOG, AOYOS alpomeTaAinv Tpoc Aeppokvttapo (PLR),
AOyog 0voeTEPOPIA®V TTpog Aeppokvtappa (NLR), C-avidpmwca tpwteivny (CRP) kot
aABovuivn. Eniong, Ba cag yivouv epmtioeilg mov Ba apopohv 6Ty IKavOTNTA GOS Vo
eKTEAEITE TIG KOONUEPIVEG GOG SPAGTNPLOTNTES, OTNV TOLOTNTA TOV VITVOV GOG KOl GE

TUYOV aicOnua KOT®ONG.

Evogyopevor kivovvol

H ocvpuetoyn ot perétn oev evéyet kivovvous. H awpoinyio pmopet vo mpoxkarécet
ondvia gAa@ply mOVo, kP orpoppoyic, podloreg, elaepd aicOnupa Caing, ko
poéAvven oto onueio o6mov pmoivel 1 Peddvo oto ocopo. Or PETPNOE TOV
avaEepOUEVODY Topapétpov OBo mpaypoatomombovy omd  €0IKG  EKTOOELUEVOVG

enayyepatiec vysiog.

Evogyopeva 0@Ehn Y10 TS GUUPETEYOVTES KUL TNV KOWVOVIQ

Ba &xete TV gukapio va pabete mAnpoeopieg mov apopohv TNV vYeia TG Kol va
Kkévete dwpedv cvykekpiuéves eEetdoels. H ovppetoyn g Ba ddoel ™ duvatdtnto
OTNV EPELVNTIKY OUAOM, VO LEAETNGEL TA YOPOUKTNPOTIKE TV atdpwv e Tpitng
HAwlag, avagopikd pe ) copKomevia Kol Vo, oYEOIICEL CTOYEVUEVO TTPOYPALLUATO

TPOUYMYNG TNG vyeiog.

Epmotevtikotnra

Ot mAnpogopiec mov Ba cuykevtpwbBovv, Ba eivar avomnpd eumotevTiKée kot Oo
TPOGTATEVOVTOL OO TOVG KOVOVEC TOL 10TPIKOV OomoppnTov Kabdg kol omd v

vopofecio  yuo TV TPOCTUGIO TOV TPOCOTIKAOV dedoUévev. Ze OMUOGIELCES N
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TOPOVCIACELS, TOV O aPOPOVV OTN CLYKEKPIUEVN HEAETN, 0ev Ba amokaAlveHohv

TPOGMOTIKA OEOOUEVO TOV CUUUETEXOVTDV.

E\lev0epia cvvaiveong

H ovupetoyn coag omv €pevva eivar ebehovtikn. Mmopeite va apvnbeite va
GUUUETACYETE N Vo OlKOWeTE omowdNmote oTyur]. H ovupetoyn cag 1 pn ot
perétn dev Ba emmpedoet ) epovrtida vyelag mwov AapPdavete 1 mov Bo AdPete oTO

pUEALOV.

IIAnpogopiec

Av éyete omowadnmote amopion 1 epdTNON &lpacte otn dwbeon cag. Av Bélete

EMMAEOV OIEVKPIVIGELS EMKOWVOVEIGTE LE TNV EMGTNUOVIKE DITEHOLVNY.

1oy eio emMoTNHOVIKA VTEVOVVOL EpEVVITY]

Avaoctooio [Tava
Email: natasa_pana@yahoo.com

Hpepopnvia ..../...../....
OvopaTETMOVLIO GUUUETEXOVTOG

Ymoypaon

OvopOTET®VVLO EPELVNTI/TPLOG

Ymoypaon
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EONIKON KAI KAIIOAIETPIAKON
IIANEIIETHMION AOHNOGN
TAMHMA NOZHAEYTIKHE

EAAnvikr} l'epovroloyikr Kau
Tnpuarpir Evalpeia =707,

Hpepounvia:
Anpoypaeikd Ztoryeia

Kwdwog coppetéyovra

dvroO:
HAuclo:

MopooTiko eninedo:

Emoo sicoonpa:

latpkd 6TOp1Kod

Xpovio voonua

o Anpotiko

o [Nvpvéoio

o Avkelo

o IEK — Avotepn Zyohn
o TEI-TTavemotuio

0 Metantuyloko

0 AakTopikd

0 <8.000€
o 8.000-15.000€
o >15.000€

o Kapdiayyeaxéc [Tabnoeig (Ayysiokd
Eyxepatucd Noonpata, Kapdrokég
Avendpxkeleg, loyoykég Kapdromadeieg).
[MopoakaA®d TPOCIHOPIGTE. .o.veneeneennee
o Kapxkivog. Iapakoard

TPOGOLOPIOTE v enveeeeeneenrannnns.

o Xpovieg [TvevpovomdBeieg (Bpoyykod AcOua,
Xpovia Anoppoaxtikr| [Tvevpovordabeiar).
[Mopakol® Tpocsdlopiote...............

0 Zakyapmdng Awafntmg

o Aptpuokn Yréptoon

o ApBpitideg — OoteoapOpitideg

o Avtoavoco Noonpato
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doappoxevTikn ayoyn:

o AiBog ovpomomTIKoD

0 AAro. Topakor®d TpocdlopioTe...............

AvBpomopetpucd otoryeio

Bépoc:

"Yyoc:

Koatdotaon Bapovg 1o

TeAevTOio 6UNVO

0 % anoiea Bapovg [(Apywd Bapog-Tpéyxov
Bdapoc)/Apykd Bapog] *¥100=................
Axovoia

Exovoua

0 Xtafepo Papoc

o IIpécinyn Bapovg

[leprpépera péong el cm
[leprpépera Aexbvng  oeeeennnnn. cm

......... cm
Lepipépera kviung

[Teprpépera pecodtTTOG

Bpayiova
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Epyootnprokég e€etdoeig

25(OH)D3 ng/ml
PLR
(FAYWOTETAMA/HAEUQOKDTTAP  eeeeeeeneeeeanenen.
o)
NLR
(#FOVOeTEPOPIAA/HAEUPOKVTTO  eneeeeeneaeeananne.
pa)
CRP (C-avtidpmoo TPOTEIVI])  ceevveririnianianinnnnns mg/L
AABoopivn g/dL
AcBéotio mg/L
DooEOpog mg/L
[Mopabopudévn (PTH) . pg/ml (ng/lt)
Bioniektpikn
YmoAoyiopdc XepoduvapOUeT | Taybtnra Padiong 4m/ Timed
ZOpKOTEVIOG EumEonon po Up and Go test
(BIA)
Mvikn Mala
Mviky Avvopy || kg
Yopatiky Atééoon || m/s

Bonbeio aro mepmdtnuo. NAI / oX1
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EPQTHXEIX OXTEOIIOPQXHX

1. KATAI'MATA; NAIL... OXI.....2HMEIO KATAI'MATOX...........
2. ATIIO IITQXH; NALI... OXI......

3. ITIOXEX OOPEX IIEZATE TO TEAEYTAIO ETOZ,........... ME
KATAI'MA......... XQPIX KATAT'MA...

4. AIXOANEXZOE AXTAOEIA KATA TH BAAIZH; NAI....... OXI.............
5. KAIINIZETE/KAIINIZATE;  NAI ......... OXI ..........
6. ITOXA TXII'APA KAIINIZETE KAOGHMEPINA; ..................

7. KATANAAQIH AAKOOA ANA EBAOMAAA (mlmpépa, 100ml=1motipt 12%)

0 <300 300 400 500 600

8 AZKHXH

[TOTE XITANIA 1-2 wpeg/epoopada 2+ dpec/efdopdoa
9 BAAIZH

[Téve amod 3 Avyotepo amd 3 Kaborov

oopég/epdoudda yio 157 eopég/efdopdda
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THE SARC-F QUESTIONNAIRE

SARC-F Screen for Sarcopenta

Companent Question Sooring
Strength How much difficulty do youw Mone - 0
hawve in lifting and Some = 1
carrying 10 pounds ¥ A Lot or unable = 2
Assistance in How much difficudoy do youw MNone = 0
vialking have walking across a ioom?  Some = 1
A lot, use aids, or
unable = 2
Rise from a chair  How much difficudty do you Mone = 0
hawve wansferring from Some = 1
a chair or ked? A ot or unable without
help = 2
Clirnb stairs Howw muach difficudoy do you Mone = 0
have climbing a flight Some = 1
of 10 stairs? A lot or unable = 2
Falls How many times have you Mone = 0
fallen in the past year? 1-3 falls = 1

4 or maore falls = 2
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SARC-F gpotnpatoroylo copkomeviog

Ovopaten®vopo: Hhwcio:

2UVIGTOON Epdton BaOuoioyia

Mvikn obvaun [T6c0 dvcKoAevETTE VOl KaBdriov =0
ONKMOGETE KoL VoL Atyo=1

LETOQEPETE S KIAG,

[ToAb peydin dvokoiio M
TANpNg avikavotto = 2

Bonbeia 6to mepmatnpa

I16c0 dvokoieveoTE VO
TEPTOTNOETE LEGA G~ €V
dUATIO;

Koborov =0

Atyo=1

[ToAb peydin dvokoAia,
pe xpnon Pondnudrov 1
TANPNG OVIKOVOTNTO = 2

‘Eyepon and xobiom
0éon

[16c0 dvokoreveote va
onkwbeite amod v
Kapékha 1 To kpePdry;

Koborov =0

Alyo=1

[ToAb peyddn dvokoiia, N
uévo pe Bonbewo = 2

AvéPacpo okaAag

[16c0 dvokoreveote va
avePeite 10 oxahomdtia,

Koborov =0

Alyo=1

[ToAb peyddn dvokoiio M
TANPNS OVIKOVOTNTO = 2

[Ttooelg

[16ceg popég Exete méaeL
ToVG TeEhevTaiong 12
HNVES;

Kopia =0

1-3 ntwoeg =1

4 1) mEPIOCOTEPEG TTMOGELS
=2

Yroonueiowon: Q¢ mapddetypua Tov 5 KIL®V avoeEpETaL 1) SVGKOAIN VoL GNKOGEL
KAmO10¢ Kot va LeTapEpet 2,5 KIAG viopdtes kot 2,5 KIAG Tatdtes pe ta 000 xépla
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BARTHEL INDEX

THE Fatient Nume:
BARTHEL Hater Mame:
INDEX Dhate:
Activity Seare
FEEIMN
0 = umable

A = needs belp curting, spreading burer, sic., o requires modifhed die
10 = indepegd esa
BATHING
0 = depemdem
% = indepessden (o in shower)
RO NG
0 = needs w belp with personad core
A = indepemden laeehaie/teetdd'shanvizg (i mplemenis previded)
IRESSING
0 = depedem
2 = needs belp b com do sboat balf maded
10 = indepestad e (e luding bunces, zips, laces, @)

EOWELS
0 = incominess {or Beeds to be given enemas)
A = pecashona] aocidest
10 = gonitinesr

ELADDER
0 = incominest, of caheterized and ouahle o manage alone
A = occasions] accidest
10 = continent
TOILET USE
0 = dependem
% = needs some belp, but can do something alone
10 = indepesden {on e off, dressing, wigieg)

TRANSFERS (BED TO0CHAIR AND BACK)
0 = umahle, ni simting balesce
& = major help fone or mo people, physieall), can sit
10 = rininsar bl o verhal or physical)
1% = indepemd et

MOBILITY (0N LEVEL SURFACES)
0 = iramokdbe o < 50 yands
A = wheelchair indepesdest, including comers, = 5 vands
10 = walks with help of one person {verbal or physical) = 50 vards
1% = independen (but may use any aid; Sor example, stek) = S yands
STALRS
0 = mahle
£ = nesds belp (verbal, physical, carrvize mid)
10 = e pemd end

TOTAL ({-108):
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K\ipoxa Barthel

Yition

0= avikavog

5= yperaletar fonBeta yio Tov tepay oo, v endieym

oV BOVTOPOL K.AT. 1| amoLTEL TPOTOTOINGT OLATPOPTIS

10= ave&aptntog

Mmnévio

0= e&aptdpevog

5= ave&dpnroc (1] vIoug)

Ieproinon

0= ypnlet Bonbeiog yio TNV TPOOoWOTIKY PPOVTION

5= ave&dptnrog: mpdowmo/ paiiid/ dovtie Evpropa (To VA Tov mopéyovar)
Ntoowpo

0= e&optdpevog

5= yperaletan PonBeta, oALG pmopel va kdvel Tepimov To ol Lovog Tov
10= ave&aptnTog (Yio. KOLUTLA, PEPLLOVAP, KOPOOVLD K.AT.)

AKpATELN KOTTPAVOV

0= axpateo (] Oo Tpémet va, 600l KAOG M)

5= meploTacloKd oYU

10= dgv TaoyEL OO AKPATELD KOTPAV®OV

Ovpododyoc kKHoTN

0= axpdtelo oVpmvV,  KaBeTPOG Kot avikovog va St EPLoTel LOVOG TOV
5= meP1oTAGIOKO aTOYM Lo

10= dgv TaoYEL OO AKPATELD, OVPDV

Xpion TovaréTag

0= e&optdpevog

5= yperaletar kdmola PonBeta, aAAG pmopel va Kavel KATL LOVOG

10= ave&aptntog (va kabicel / va onkmbel, vivcipo, GKOVTIG L)
Metagopd (amé To kpePaTt KoL Tiocw)

0= advvapia, dev dvvator va kabicet

5= ypnlel neiCova Pondeta (Eva M dVo droua), propet va, kabicet

10= ypnlet Aiyn PonBeiog (AekTikn 1 COUATIKA)

15= ave&aptntog

Kwntikétnta

0= pun wavog va nepratnoet N <45 pétpa

5= avommpikn KopEkAa aveEApTNTOC, CUUTEPIAAUPAVOLEVOV TOV YOVIOVY, >45 uétpa
10= mepmotd pe ™ Pondeta evog atdpov (AEKTIKNG 1 COUOTIKNG) >45 pétpa
15= ave&aptntog

YKaheg

0= avikavog

5= yperaletan fonbeia (AektiKn, cOUATIKN, XPHoT VIofondnpatog)

10= ave&dptnTog
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FATIGUE SEVERITY SCALE

Scores

1 = Strongly Disagree; 7 = Strongly Agree
1. My motivation is lower when | am fatigued. 1 2 3 4 5 6 7
2. Exercise brings on my fatigue. 1 2 i 4 5 6 7
3.1 am easily fatigued. 1 2 3 4 5 6 7
4, Fatigue interferes with my physical functioning. 1 2 i 4 5 6 7
5. Fatigue causes frequent problems for me. 1 2 3 4 5 & 7
6. My fatigue prevents sustained physical
functioning. 1 2 3 4 5 6 7
7. Fatigue interferes with carrying out certain
duties and responsibilities. 1 2 3 4 5 6 7
B. Fatigue is among my three most disabling
symptoms. 1 2 3 4 5 [ 7
9. Fatigue interferes with my work, family, or social
life, 1 P 3 4 5 b 7

VISUAL ANALOGUE SCALE

Energetic
MNo
Fatigue Fatigue

o 1 2 7 8 e 10
None Mild Severe
Fatigue Fatigue
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KAIMAKA XOBAPOTHTAX KOIIQXHX

Oonyiec: Katotépm vrapyel pio 6e1pd amwd oNAOGELS GYETIKES LE TNV KOTOGT
cog.

Mg tov 0p0o KOTT®ON gvvoovpe pua aicOnon Kovpaong, EALEWYN EVEPYNTIKOTITOS
N Yevikng eEavtinonc.

Hopakaiovpe owPacte kKGO ONrhwon ko emAEETE Evay apOpod amd 1o 1 £0¢ 1o
7, 6oV 0 aprOpdg 1 dNAMOVEL 0TI OLOPOVEITE TOAVTO PE TN ONAMGT] KL 0
apOpog 7 6T cvppoveite améivTa.

HopakaioOpe amavINOTE 6€ AVTES TIG EPOTNGES LAPPAVOVTAS VIOYT TO TOG
aweOavocaostav Tic TeAevTaiegc AYO EBAOMAAEX.

Kvkh®ote Tov aplOpo mov avIimpoosmmevEL TNV OTAVTIG 60S, 0€ KAOE pdOTNON
Eeymprotd.

Aapov PTTTOIOYY
0} ®
Amoivt Amolvt
o o

1. H owbeon pov 1 2 3 4 ) §] I

peltwvovTon 0tav kovpdlopat

2. H copotikn doknon pov av&avet 1 2 3 4 5 6 7

Vv Kovpoon

3. Kovpdlopon ebxora 1 2 3 4 5 6 7

4. H kovpoon pe emnpeacet opvnTika oTig 1 2 3 4 o §] I

COUOTIKEG OV OPACTNPLOTNTES

(Tty. dovAe€g 6TO OTMiTL)

5. H kovpaon cuyvd pov mpokaiet 1 2 3 4 5 6 7

TpoPAnpaTaL

6. H kovpaon pe epumodilel va 1 2 3 4 5 6 7

KOTOTTLAVOLLOL

YL DPOL LE COUATIKY OpacTnploTnTa

(Ty. y®OVo, OOVAELEG GTO OTiTL)

7. H xovpaon pe emnpedletl apvnTikd vo. 1 2 3 4 5 6 7

avtomeEEAbm ota kabfikova Kat

VOYPEDCELS LLOV

(my. epyacia)

8. H xovpaon givar éva and ta tpia facika 1 2 3 4 5 6 7

CUUTTOUOTO, TTOV LE OVGKOAEHOVY GoPapd
otV Kabnuepvi pov {on

9. H xovpaon pe ennpedlel apvnTikd ot 1 2 3 4 5 6 7
OOVAELL,

OTNV OIKOYEVELD KO GTO KOWVMVIKO LoV

nepBariov
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ATHENS INSOMNIA SCALE

Athens Insomnia Scale
1D Age: B Date:

Instructions: This scale 15 intended to record your own assessment of any sleep difficulty you might have expenienced. Please, check (by circling the
appropriate number) the items below to indicate your estimate of sy difficulty, provided that it occurred at least three times per week during the
last month®

Sleep induction ftime it takes you to full asleep after turing-off the lighs)

0: No problem 1: Slightly delayed 2: Markedly delayed 3: Very delayed or did not sleep at all
Awakenings during the night

0: Mo problem 1: Minor problem 2: Considerable problem 3: Serious problem or did not sleep at all
Final awakening earlier than desired

(: Mot carlier 1: A little carlier 2: Markedly carlier 3: Much earlier or did not sleep at all
Total sleap duration

01: Sufficient 1 Slightly msufficient 2: Markedly insufficient 3: Very insufficient or did not sleep at all
Chverall guality of sleep (o matter how long vou slep)

0: Satisfactory 1: Slightly unsatisfactory 2: Markedly unsatisfactory 3: Very unsatisfactory or did not sleep at all
Sense of well-bheing during the day

0): Normal 1: Slightly decreased 2: Markedly decreased 3: Very decreased

Functioning (physical and mental) during the day

{1: Normal 1: Slighthy decreased 2: Markedly decreased 3: Very decreased

Sleepiness during the day

{1: None 1: Mild 2: Considerable 3: Intense
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ATHENS INSOMNIA SCALE

Avti i KAipoxo Exel oKOTO VoL KOTOYPAWEL TV OIKN 0OG EKTIUNON TYETIKG UE TIC OVOKOAIES TTOD UTOPEL VO,
avtyuetwrioate otov vvo. Hopokxoio, emlééte (kvkAwvoviag tov katddAnio apiBud) to epwThuoTe. Tov dNiwvovy
oOUPVO, e TNV EKTIiUNON o0C TOV Pabuo dvokoliag, ue v mpoimoBeon ot GOVESNTAY TOVAGYIOTOV TPEIS POPES THY
gfdoudoa kota tn OIGPKELL TOV TEPATUEVOD UIVA.

1. ENAPZH YIINOY (ypdvog mov ypeidleote yio vo. amoxoynbeite UETG OT0 TO GPHOILUO TWV POTWV)

0 1 2 3

Kavéva mpopinpo Miukpn kabvotépnon Enpavtkn kebvotépnon d Meyain kabootépnon n
dev Koundnkate kaboAov

2. EYIINHMATA MEZA XTH NYXTA

0 1 2 3

Kavéva mtpofinua Miukpd mpoPAN e InuovTiko TpoPAn Lo YoBapd TpdPAnpa 1 dev
KounOnkate KaBOAOL

3. TEAIKH A®YTINIZH NQPITEPA AITO THN EINI@YMHTH

0 1 2 3

Oy vopitepa Alyo vwpitepa InUovTikd vopitepa IToAb vaopitepa ) dgv
Koy Ofkate kaborlov

4. XYNOAIKH AIAPKEIA YIINOY

0 1 2 3
Enapxng Elappd avemopknic InpavTKa [ToAb avemapkng n dev
QVETIOPKAG Koy Onkate kaborlov

5. ZYNOAIKH IIOIOTHTA YIINOY (aveldptnro amd tn didpkeia tov 0mvov)

0 1 2 3
IkavomomTikn Elagpd Z1UOVTIKG IToAd pn KavomomTikn N
Mn| IKOVOTTOMTIKNY M KovOTOMTIKNY dev koynOnkate kaboAov

6. AIXOHXZH EYEZIAYX KATA TH AIAPKEIA THX HMEPAX

0 1 2 3
DVo10AOYIKN EAlappd petopévn ZNUOVTIKG LELOUEVN IToA) pewwpévn

7. AEITOYPI'TKOTHTA(ZQMATIKH KAI NOHTIKH)XTH AIAPKEIA THX MEPAX

0 1 2 3
DVo10AOYIKN EXlappd petopévn ZNUOVTIKG LELOIEVN IToA) pewwpévn

8. YIINHAIA XTH AIAPKEIA THX HMEPAX

0 1 2 3
Kaborov ‘Hmo Apketn "Evtovn
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XPHEIMOIIOIEITE ®PAPMAKA I'TA NA KOIMHOEITE;

NAI OXI [NEPIXTAXIAKA

AN XPHXIMOIIOIEITE ®PAPMAKA I'TA NA KOIMHG®EITE. AYTA EINAL:

DYTIKA OAPMAKEYTIKA

[TOZEZ QPEX KOIMAXTE TO BPAAY (AIIO THN QPA TIOY ®GA XAX ITAPEI O
YIINOX MEXPI NA ANOIZEETE TA MATIA X2AYXY KAI NA MHN
ZANAKOIMH®OEITE); .........
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Key summary points

Aim To dnvesligalbe the association belween sleep gquality and duridion and muscle sirength among community-dwelling
micklBe-aged and older adulls.

Findings According 1o the present review, it ssems that there is an association between sleep quality and duration with
handgrip strength among madde-aged and alder adulis. The resulis for the gender-specific impact and the different sleep
duratsion {short or long or both) are inconsistend.

Message Health professionals should conduct geriatric assessment and consader the possible coexistence of impaired sheep
wilh weak muscle strength, especially in odder adulls who are at high nsk of sarcopenm, railty o fusctonal Bmitabions.

Abstract

Purpose T examine the relstsonship between cleep qualdy and duration and muscle strength among commuondly -dwelling
rriicklbe-aged and obder adulls.

Methods A systematic review was conducted from March 2020 until May 2020 Searches were done for peer-reviewed and
Enghsh-written articles reporting resubts of studies in PubMed, Embase, Scopus, Cochrane Library, and in article relerences
lisls. The Preferred Beporting Dems for Systematic Reviews and Mela-Analyss was used as well as the Newcastle-Oawa
Scale {NOS) 1o appraise the méthodologreal guality.

Results Twenty-one cross-sectional, three prospective siudies and a todal of 92,363 subjects were mclsded. The magority of
the meludied studies are clascified as “high quality”. Hindzrip dreagth s the main method of mescle strength acsesement.
Sleep assesment is usually conducted using subjective measunes, such as validaled deep scales or self-reporied question-
naires. Actigraphy, ax an objective messure, i% used less often. Mo sodies. support stropg evidence on the asociation
between weak muscle strength and poor sleep quality and duration amoeng middle-aged and older adulis; wheress the resubis
for the gender-specilic association and 1he impact of short or long skeep duration were mconclusive.

Condusion The review has identified strong evidence an the relationship between sleep quality and duration and muscle
sirength among middle-aged and older adults. Health prisfessionals should conssder this relationship 2 a component of
permlric s smenl in communily praciiee and geralric sefings. Falure rigorows reseanch with a combination of subjective
and vhjective measurements is needed o explore whether gender and specibic sleep duration are related 1o muscle strength.

Elsctronic supplemantary material The salise versom of this
murche (B gl oo/ 0L DA LEHEL QDRSS H comtsles
supplemeninry malerial, which is svmleble o saborieed users.

2 Anssiasin Pana
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Association between self-reported or perceived fatigue and falls among older people:
a systematic review

Al of B A

Anastasia Pana, RN, PhDc, RN, Panayota Sourtzi, PhD, RN, Athina Kalokairinou,
Fh, RN, Alexandros Pastroudis, MD, Stamatios-Theodoros Chatzopautas, MD,
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Refarence: IJOTM 100867

To appear in:  Infemational Jowmnal of Orthopaedic and Trauma Nursing

Received Date: 25 Movembsar 2020
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Sarcopenia and polypharmacy among older adults: A scoping review of e

the literature

Anastasia Pana ™™, Panayota Sourtzi ™", Athina Kalokairinou”, Venetia Sofia Velonalki ™"

* Mational gnd Kadisrian nivessity of Athent, Dgieriness of Nurisg, Gooeer

¥ i A idlizh of Grastology and e, A, Oriedd

! Goimserad Himpited Aabdipida, Vool Grorir

ARTICLE INFO ABETEACT

Kepwarnde Background: Sarcopenia and palyph are bath prevalent condidons in the geratric pepalation, leading
Pulyphicsiacy poar quality of 1ife and adverse outrones.

;"“"“"I“‘rm . Objecrive: To explore the evidence an the reladooship between sarcopenia and polypharmacy and 1o summarize

the findings and the gaps from the existing lveratmre.

Meshed: A systematic seoping review wis conducied betwesn March and May 2021, with no resiriction oo
publication daie, using the Arksey and O'Malley framework and reponied according 1o FRIEMA-SCR. Four
bibdingraphic databases, PubMed, Web of Science, Scopus, Proquest One Aradensic, and four sources of gray
lirerapare were searched for sudies wrinen in English or Gresk Data were exiracted quamiitatively and using
themmatic analysis.

Resubr Of the 397 inidally retrieved secords, 22 studies were finally indoded in this revies, 20 published ar-
ticles and 2 posiers-presentations. Maost of the studies used ernss-sectional dam. The relabonship between sar-
copenia and polypharmacy should be interpreted on the basis of the definiion of polypharmacy, the diagnostic
criveria of sarcopenia used, and the populmion setiing. Sarcopenia or risk for sarcopenda are sssociared with
polypharmacy or the number of medieations in commendiy-dwelling older sdulis, regardles of diagnostic
criteria used for sarcopenda.

Condision: There & an association benween sarcopenia or risk for sarcopenia and polypharmacy or the munsher of
medicaticns in communiry-dwelling clder adulis but not amoog residents of nursing homes or inpatients. Specific
widely accepted definitions of palypharmacy and sarcopenia, a consersns on the methad of sareopenia sosess-
ment, and prospective stndies are nesded to Identlty polyphameacy as a potential risk factor for sarcopenla.
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Abstract

Sarcopenia, the loss of muscle strength and mass with age, is becoming more frequent
among older people and s recognized as a risk factor for falls, disability, and mortality.
Sarcopenia can be prevented, delayed, treated, and sometimes even reversed using
effective interventions such as early detection. Available screening tools implemented
by health professionals can contribute to the early recognition of people at risk for

sarcopenia. In this review, we discuss the vital role of nurses, as gatekeepers to care, in Nursg

Arehives

the screening process of sarcopenia and the concept of screening as being a part of
the professional nursing autonomous roles by presenting the existing evidence

regarding the contribution of nurses in the screening interventions for sarcopenia.
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