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Abstract
Objectives: The objective of this study was to assess the prevalence rate of probable sarcopenia and to determine
the factors associated with it in older people living in Western Greece. Methods: Probable sarcopenia was estimated
based on cut-off values for handgrip strength (HGS) as recommended by EWGSOP2. Information about sociodemographic, chronic diseases, fear of falls and lifestyle of the participants were also collected. HGS was assessed
using a SAEHAN dynamometer. Calf circumference was assessed with inelastic tape. A logistic regression analysis
was performed in order to determine associated risk factors. Results: The sample comprised 402 participants
(292 women;110 men), with a mean age of 71.51±7.63 years. Overall, 25.4% of the elderly participants were
diagnosed with probable sarcopenia (men:36.4%; women:21.2%). The findings of this study demonstrated that
probable sarcopenia was positively associated with age (OR=0.14, 95% CI=0.008 to 0.200), gender (OR=-0.6,
95% CI=-0.700 to -0.530), Body mass Index (OR=0.01, 95% CI=-0.030 to -0.005), Skeletal muscle mass index
(OR=0.05, 95% CI=0.030 to 0.080), calf circumference (OR=0.02, 95% CI=0.007 to 0.040), and comorbidities
(OR=0.04, 95% CI=0.030 to 0.080). Conclusion: There was a 25.4% prevalence of probable sarcopenia in Greek
elderly. The results highlight the importance of the detection of HGS and probable sarcopenia in older people in
order to develop effective strategies of prevention and intervention of sarcopenia.
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Introduction
Sarcopenia is considered a muscle disease associated
with low muscle quantity and quality1. This disease is directly
associated with functional dependency, institutionalization,
lengthier hospital stays, increased number of falls; poor
quality of life, higher numbers of hospitalizations, cognitive
impairment, higher mortality rates and higher healthcarerelated costs in elderly population1-7. Sarcopenia is
recognized as a major health problem among older adults;
affecting millions of individuals worldwide and is defined
with different criteria5,8. The European Working Group on
Sarcopenia in Older People (EWGSOP) definition released
in 2010 (EWGSOP1) suggested a conceptual stage as
pre-sarcopenia (low muscle mass only), sarcopenia (low
muscle mass and muscle strength or muscle performance),
and severe sarcopenia (low muscle mass, muscle strength
and performance)2. In 2019, EWGSOP1 was updated to
EWGSOP2, with muscle strength replacing muscle mass as
the primary muscle indicator for probable sarcopenia1. In the
http://www.jfsf.eu

EWGSOP2 criteria, probable sarcopenia is defined as reduced
muscle strength only (normal muscle mass). Sarcopenia is
determined by loss of muscle strength and muscle mass.
Severe sarcopenia is determined by the presence of low
muscle strength, muscle mass, and muscle performance1,9.
The prevalence of sarcopenia in the literature varies widely
and depends on the definition used. Different definitions
of sarcopenia result in a widely different prevalence of
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sarcopenia, ranging from 1% to 60.6% in the present
population of women aged >60 years10,11.
Probable sarcopenia, which is low muscle ability, is
suggested to trigger further assessment and intervention12.
Information about the prevalence of probable sarcopenia,
according to the latest guidelines of the EWGSOP is rare
and has not been determined extensively. Prevalence rates
in Greece are not evaluated yet. The evaluation of probable
sarcopenia provides important information, relevant for
sarcopenia prevention and health promotion. Sarcopenia
is significantly associated with several adverse outcomes
in older people and early detection of probable sarcopenia
may help to initiate timely intervention13. Given the above,
the aim of this study was to investigate the prevalence rate
of probable sarcopenia and the factors associated with
probable sarcopenia in Greek older people.

Methods
Participants
This was a cross-sectional study. Participants were
recruited from the University Hospital of Rio, University of
Patras, and Centers for Elderly of Patras and Aegio in Greece.
Eligible participants had to be >60 years, had no self-reported
upper extremity pain or stiffness on more than 50% of days
of the past month (because of Hand Grip Strength (HGS)
assessment), and be able to read and understand the purpose
of the study. Participants were also administered the Μini
Mental State Examination (MMSE), to assess their cognitive
function and ensure cooperation. MMSE requires only 5-10
min to administer and has been validated and extensively
used in both clinical practice and research14. Exclusion criteria
included cognitive impairment (MMSE score below 25 out of
30), pacemaker fitted, and/or patients with an amputated
limb, and body mass index (BMI) >50 were excluded from the
study because of the requirements of the device measuring
muscle mass (Bioelectrical impedance analysis)15. The
assessment procedure was carried out between March of
2018 and September of 2020.

Diagnosis of Sarcopenia
Diagnosis was performed according to EWGSOP2 criteria.
For the diagnosis of probable sarcopenia, handgrip strength
was measured. The recent EWGSOP2 definition defines
“probable sarcopenia” as reduced hand grip strength, with
values <16 kg and <27 kg was considered for female and
males, respectively. The cut-off thresholds for skeletal
muscle mass indexes were set at 7 kg/m2 and 5.5 kg/m2 in
males and females, respectively1.

Outcome measures
Measures included an interview survey, body
composition assessments, muscle strength assessments,
physical function tests, and quality of life assessment. All
measurements were performed at University of Patras by the
2

same health professional, a geriatric physiotherapist, highly
experienced in using the aforementioned measurements.

Interview survey
The older adults were interviewed with a structured
questionnaire including information on the participants’
socio-demographic characteristics such as their age, sex,
marital status, and number of children, past occupation,
lifestyle habits, and number of drugs used in the past year,
comorbidities and history of falls.

Muscle strength assessment
Handgrip strength was evaluated with a calibrated
hydraulic hand dynamometer (SAEHAN DHD-1, Seoul,
Korea) in accordance with the standardized procedure
recommended by the American Society of Hand Therapists
and described in “The Nutrition UP 65 Study Protocol”15,16.
The participants were asked to sit on a chair with elbows
positioned at a 90° angle and exert maximum force. They
had to squeeze as hard as possible three times with dominant
hand. The highest result out of the three measurements was
recorded in analysis. HGS was expressed in kilograms (kg).

Body composition assessment
Height was measured with a wall stadiometer without
shoes. Body weight was measured to the nearest 0.1 kg and
height was measured to the nearest 0.1 cm. Measurements
of height and weight were used to calculate body mass index
(BMI) (kg/m2)17.
Body composition was determined using bioelectrical
impedance analysis (BIA), with a Tanita BC-601 (Tanita
corp, USA) model body analysis monitor. Skeletal muscle
mass (SMM, kg) was estimated using whole-body BIA and
Skeletal Muscle Mass Index (SMMI) calculated as SMM/
height2. Fat free mass (FFM) was extracted by BIA and SMM
values, using the following equation: SMM (kg)= 0.566
× FFM17,18. The older adults were recommended to have a
bowel movement within 30 min before the measurement,
and also not consume any alcoholic beverages and meals for
at least 48 h and 4 h, respectively before the tests15.
Calf circumference (CC) was measured with inelastic tape.
The measurement was performed in the upright position
with feet 20 cm apart, body weight equally distributed on
both feet. CC was measured at the calf’s greatest girth17,19.
The measurement was performed in a standardized way,
with three measurements to obtain the average of three
measurements19,20.

Functional assessment
A measure of gait speed over a 4-m distance was
recorded. The values ≤0.8 m/s indicated low gait speed1.

Fear of falling assessment
Fear of falling was assessed using the Greek version of
the Falls Efficacy Scale (FES-1)20. The FES-I is a 16-item
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Total participants (n=402)

Probable Sarcopenia
(n=102)

No sarcopenia
(n=300)

P value

71.51±7.63

76.4±8.5

69.85±6.5

<0.001

3.1±1.1

3.7±1.32

2.2±1.5

0.001

Comorbidities (number)

2.09±1.08

2.56±1.2

1.93±1

<0.001

CC (cm)

34.94±2.39

34.7±2.53

35.2±2.35

0.250

Variable
Mean Number, SD
Age (years)
Drug (number)

BMI (kg/m )

25.78±3.43

25.6±3.5

25.8±3.49

0.200

HGS (kg)

21.73±6.

16.58±3.5

24.48±6.2

<0.001

SMMI (kg/m2)

7.56±1.72

7.1±1.7

7.69±1.7

0.010

4m test (seconds)

3.95±0.98

4.41±0.94

3.8±0.98

<0.001

Gender
Men
Women

11(27.%)
292(72.6%)

40 (36.4%)
62 (21.2%)

70 (23.3%)
230 (76.7%)

<0.001

Falls history
Yes

106(26.4%)

40 (39.2%)

66 (22%)

0.001

2

Number, percentage

BMI: Body Mass Index; CC: Calf circumference; SMMI: Skeletal Muscle mass index; HGS: Hand Grip Strength; 4m test: 4 meter test.
Table 1. Participants’ characteristics.

self-administered questionnaire and assess fear of falling
in mainly community-dwelling older population. Older
participants were instructed to rate each item. The scores
were added up to calculate a total score that ranges from
16 to 64. A higher score indicates a greater fear of falling21.
FES-1 has excellent psychometric properties, and assesses
concerns relating to basic and more demanding activities,
both physical and social22.

Ethics approval
All participants signed an informed consent form prior
to their inclusion. They were assured that information
obtained would be anonymous and confidential. The
protocol was approved by the Ethical Committee of the
University of Patras.

Statistical analysis
The normality of variables was checked using the
Shapiro-Wilk test. Descriptive analysis was done by means
of frequency for qualitative variables and mean (±SD) for
quantitative variables. T-test for independent samples was
used to determine the differences between participants
with sarcopenia and participants with no sarcopenia.
Chi-square analyses was performed for inter-gender
comparisons. A logistic regression was also performed
to describe the relation between the dichotomous HGS
variable and the factors associated with low HGS according
to EWGSOP2 criteria. The analyses were performed using
3

the SPSS software version 25.0, and p values of <0.05 were
considered significant.

Results
The sample consisted of 402 elderly people (292 women
and 110 men), with a mean age of 71.51±7.63 years
and a mean BMI of 25.78±3.43 kg/m2. The prevalence
of probable sarcopenia was 25.4% (n=102). In addition,
the prevalence of sarcopenia was 13.2% (n=53). Men
had significantly (p<0.001) greater HGS (28±7.36 kg vs
19.37±3.97 kg) and SMMI (9.08±1.53 kg/m2 vs 6.9±1.42
kg/m2). Characteristics of the study participants are shown
in Table 1.
Comparison of the associated factors between probable
sarcopenic and non-sarcopenic Greek elderly is shown in
Table 2. The findings of this study demonstrated that probable
sarcopenia was positively associated with age, gender, BMI,
SMMI, CC and comorbidities. Low handgrip strength in men
was related to age, SMMI, BMI and Calf circumference and in
women to age, SMMI, 4 meter test and calf circumference.

Discussion
In the current study updated EWGSOP2 guidelines have
applied in order to give insights into probable sarcopenia in
Greek community-dwelling older people. To our knowledge,
this is the first study to examine prevalence rates of
probable sarcopenia in Greek older people. The prevalence
rate of probable sarcopenia in Greek elderly was 25.4%.
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Variable

OR

95% CI

P value

BMI

-0.01

-0.030- (-0.005)

0.006

Gender

-0.6

-0.700- (-0.530)

<0.001

Age

0.14

0.008-0.200

0.001

SMMI

0.05

0.030-0.080

<0.001

HGS

-0.03

-0.040-(-0.030)

<0.001

4 m test

-0.03

-0.080-0.200

0.210

Drug

0.60.

0.460-0.940

0.300

Comorbidities

0.04

0.030-0.08

0.003

Falls

0.39

0.120-1.210

0.640

CC

0.02

0.007-0.040

0.008

NS: non-significant; BMI: Body Mass Index; CC: Calf circumference. SMMI: Skeletal Muscle mass index; HGS: Hand Grip Strength; 4m test:
4 meter test.
Table 2. Factors associated with low HGS (probable sarcopenia) among Greek older people.

This result provides important health-related data of a
group not previously studied in Greece. Present results
are in accordance with studies in other countries that
assessed elderly population13,23-26. Franzon et al., detected a
prevalence of lower HGS in Swedish men of 28% (mean age
86 years)24. Probable sarcopenia affected one in every four
Swiss-German older adults over 75 years13. In a sample of
UK participants’ prevalence rate of probable sarcopenia was
reported at 8%27. However, these participants were in early
old age (60-70 year); justifying the differences in the results.
The results demonstrate a high percentage of probable
sarcopenia in community-living older people; indicating that
sarcopenia assessment should be applied routinely in clinical
assessments of older people. Probable sarcopenia is linked
to negative health outcomes and early detection of probable
sarcopenia may help to initiate timely intervention13.
In this study muscle strength was assessed via HGS.
The HGS test is easily applicable to older adults, possible
to do in clinical settings and provides important information
on current and future health status13,24. In the EWGSOP2
definition, low muscle strength, could be measured by HGS
and/or chair stand test (CST)1. In the study conducted by
Dodds et al., researchers reported a limited agreement
between low HGS and slow CST with only 15% of those
with probable sarcopenia having poor performance on both
tests (28). Researchers suggest that prevalence of probable
sarcopenia could be dependent on applied measures of
detection in previous literature13,24. However, HGS below
a cut-off value of <16 kg for women and <27 kg for men
is present in a substantial percentage of the older old
population, even in non-institutionalized people13.
There were seven factors associated with probable
sarcopenia (low HGS) in Greek elderly using regression
analysis: age, gender, BMI, comorbidities, SMMI, HGS and
4

Calf Circumference. Understanding the association between
sarcopenia-related variables and associated factors may help
to design interventions; aiming at preventing its occurrence
by reducing the identified risk factors29. Aging, low BMI
(body mass index), chronic illnesses and multimorbidity
are associated with sarcopenia9,30,31. The results of this
study are relevant in supporting the development of clinical
interventions to aid in the prevention of sarcopenia in older
people. Therapeutic interventions should aim at preventing
decrease in muscle strength and muscle mass on older
people. Further studies with a longitudinal design are
necessary to confirm these results29.

Clinical relevance
Detection of low handgrip strength in older individuals is
particularly important to evaluate the status of sarcopenia
and provides important information on current and future
health status1,13. Early detection of low muscle strength is
crucial to prevent further decline in older adults. In addition,
the European Working Group on Sarcopenia in Older
People 2 (EWGSOP2) consensus definition introduced the
concept of probable sarcopenia as a basis on which to begin
treatment27. Results of this study may increase awareness
of health clinicians about the importance of muscle strength
assessment and may serve as a support for decision making
in clinical practice.

Limitations
Firstly, the sample included 402 volunteers >60 years
living only in Western Greece. Furthermore, the entire study
population were independent and may not represent the
general older Greek population, so the results might not
be representative of the Greek population. Secondly, the
subgroup of male participants was relatively small compared
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to the total population. Further research is required to identify
those with sarcopenia and to clarify the risk factors involved.

14.

Conclusions
The percentage rate of probable sarcopenia in Greek
elderly was 25.4%. More research is needed in order to
clarify the precise association of specific characteristics of
patients with probable sarcopenia and other factors.
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