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Introduction 

Involutional changes that occur in the composition 
of a human body are a  feature that characterizes the 
aging process. They include, among others, skeletal 
muscle where the loss of muscle mass begins in the 
third decade of a  person’s life span, reaching signifi-
cant losses after 50 years of age [1] with an average 
loss of 1.59% in men and 2.02% in women for a period  
of 4 years [2]. It is estimated that for the age group of 
40-80 years the loss of muscle mass reaches 30-60% 
[3]. Muscle strength reaches its peak in the early adult 
life, and is then followed by a period of maintenance 
prior to a constant decline observed as aging progresses 
[4]. Average annual decline in muscle strength for a per-
son over 65 years of age is 0.789 and 1.239 kg for men 
and women respectively (measured with handgrip) [2]. 
Studies show that physical performance in a group of 
healthy female subjects within the age of 68-82 years 
decreases by an average of 11% per 3 years (measured 
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Abstract

Introduction: Involutional changes that occur in skeletal muscle are a feature that characterizes the aging 
process. In women, age-related decreases in muscle mass and function of skeletal muscles occur more rapidly 
with the onset of menopause. Progressive muscle dysfunction has been directly linked with an increased prob-
ability of falls, fractures, disability and mortality.

Aim of the study: To assess the relationship between the risk of falls and parameters of skeletal muscle 
assessment in a group of postmenopausal women together with the identification of patients with sarcopenia.

Material and methods: This study was carried among 122 women over 60 years of age. Patients had their 
muscular system tested with the emphasis on the sarcopenia diagnosis using: Total Body Composition, handgrip 
and physical performance tests. Patients also underwent a questionnaire survey assessing occurrence of falls.

Results: The analysis showed an over 2-fold increase (OR 2.4; 95% CI, 1.02-5.56) in risk of falls in a year 
among subjects with decreased muscle mass. No such correlation was noted with parameters such as falls in 
the last 12 months and decrease of muscle strength as well as physical performance. Sarcopenia is more likely to 
be diagnosed with European Working Group on Sarcopenia in Older People (EWGSOP1) criteria than EWGSOP2 
(updated in 2018) (18% vs. 4.1% respectively). The increased risk of falls has not been proven in women with 
sarcopenia.

Conclusions: The decrease of muscle mass is significantly correlated with the risk of falls in the last year  
in postmenopausal women. Impact of sarcopenia on the risk of falls depends on diagnostic criteria.
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with gait speed) [5]. The same studies report a decline 
in walking speed, i.e. 0.019 m/s for men and 0.025 m/s 
for women [2]. All involutional changes that affect skel-
etal muscles (appendicular lean muscle mass/height2 
– ASMM, handgrip, gait speed) occur more rapidly in 
women [2]. This is caused by a number of non-sex-re-
lated factors, i.e. lower regeneration ability resulting in 
aging of the satellite cells, decreased myocyte regener-
ation and synthesis of the muscle protein. Involutional 
changes are also caused by sex-related factors such as 
the age-associated decrease in sex hormones. With the 
onset of menopause the decrease in mass and strength 
of skeletal muscles is more rapid [6]; therefore there is 
a need for additional care of postmenopausal women in 
relation to their risk of sarcopenia. 

It is estimated that over the age of 60 years sar-
copenia affects up to 10% of the world’s population 
[7]. It has been shown that sarcopenia covers 1-29% 
of respondents as well as 14-33% of patients within 
the healthcare institutions, depending on the definition 

Corresponding author:
Maja Warzecha, Rehabilitation Clinic, Institute of Physiotherapy, Faculty of Health Sciences, Jagiellonian 
University Medical College, 3 Koło Strzelnicy St., 30-219, Krakow, e-mail: maja.warzecha@uj.edu.pl

Submitted: 6.04.2020
Accepted: 5.06.2020



Menopause Review/Przegląd Menopauzalny 19(3) 2020

124

used [8]. In 2010 the European Working Group on Sar-
copenia in Older People (EWGSOP1) published a defi-
nition of sarcopenia along with a diagnostic algorithm, 
updated in 2018 (EWGSOP2), following an increasingly 
growing amount of new evidence in the field. According 
to the new criteria of EWGSOP2 sarcopenia is defined 
as an age-related disease characterized by a  loss of 
muscle mass and impaired function (strength and phys-
ical performance). This progressive disorder is accom-
panied by an increased risk of falls, fractures, disability 
and death [9, 10]. 

Among elderly falls are the major cause of trauma 
and the second most common cause of trauma-related 
death. It is estimated that 1 in 3 people over 65 years of 
age and 1 in 2 over 85 years will experience a fall with-
in a year – 10% of which will result in hospitalization 
[11]. According to the data from the National Institute 
of Public Health, 4451 cases of fall-related deaths were 
reported in 2016, which constitutes a 19% increase in 
the death rate since 2010 [12]. Women are significantly 
more likely to experience falls and hospitalizations fol-
lowing them [11], which, together with the advanced 
pace of involution changes in the muscular system of 
postmenopausal women, has become the premise to 
undertake more detailed studies on the topic. The au-
thors believe that this study will provide medical staff 
with guidance on the necessity of early implementation 
of fall prevention in women at risk of sarcopenia, which 
might have a direct impact on reducing the incidence of 
injuries and hospitalization due to falls as well as de-
veloping a new model for dealing with women at risk.

Aim of the study

The aim of the study was to assess a  relationship 
between the risk of falls and parameters of skeletal 
muscle assessment in a group of postmenopausal wom-
en together with the identification of patients with sus-
pected sarcopenia (presarcopenia) and sarcopenia using 
EWGSOP diagnostic criteria from 2010 and 2018. 

Material and methods

This cross-sectional study was carried in accordance 
with the principles of the Helsinki Declaration of the 
World Medical Association after obtaining consent from 
the Bioethics Committee among patients of the Krakow 

Medical Centre (KCM), who gave their informed consent 
to participate in the study. 122 women over 60  years 
of age were qualified to the study group where all as-
sessments required by the study protocol were done. 
The study group was characterized by an average age 
of 69 years (60-81; SD 5.4), height 152 cm (140.5-172.2; 
SD 6.2), weight 70.1 kg (38.2-115,6; SD 14.7) and body 
mass index (BMI) 28 kg/m2 (15.4-44.0; SD 5.5). All the 
tests were conducted within one visit during outpatient 
hours from 8 a.m. to 4 p.m. Due to the hourly span, pa-
tients’ tests were conducted without guidelines regard-
ing meal times or the necessity of defecation. Patients 
had their muscular system tested with the emphasis on 
the sarcopenia diagnosis using: Total Body Composition 
(Hologic Horizon Bone Densitometer, Horizon W, Bed-
ford, USA), measurement of muscle strength – handgrip 
(Baseline hydraulic dynamometer, 12-0240, NY, USA) 
and physical performance tests (4  meter gait speed 
test and Timed Up and Go – TUG). Immediately before 
the densitometric examination each patient underwent 
a measurement of body height and weight at a calibrat-
ed stadiometer and certified scales and was instruct-
ed to remove metal parts to avoid unreliable results. 
The two measurements of handgrip were performed in 
a standing position with shoulders extended along the 
torso, elbow joints bent at an angle of 90 degrees and 
forearm in a neutral position. The higher handgrip result 
(out of two try-outs) achieved by the study subjects was 
taken into analysis. For the TUG test individuals were 
asked to rise from a standard chair, walk to a marker 
located 3 meters away, turn around, walk back and sit 
down again. To measure the gait speed, a 6-meter sec-
tion was determined although the time measurement 
was executed only for a central 4-meter distance. The 
time was measured in both gait tests using an electronic 
stopwatch.

Two sets of cut-off points were used based on 
the EWGSOP definition from 2010 (for women: 
ASMM/height2 < 5.5 kg/m2, handgrip < 20 kg, speed 
< 0.8 m/s, TUG > 10 s) and 2018 (for women: ASMM/
height2 < 5.5 kg/m2, handgrip < 16 kg, speed < 0.8 m/s, 
TUG  >  20  s) for comparison. EWGSOP1 criteria allow 
one to identify presarcopenia in a situation when only 
the muscle mass is decreased and sarcopenia when 
ASMM loss is accompanied by a reduction in handgrip 
and/or physical performance. Updated guidelines of 
EWGSOP2 recognize suspected sarcopenia on the basis 

Table 1. Diagnostic criteria for sarcopenia defined by EWGSOP1 [9] and EWGSOP2 [10]

Diagnosis Diagnostic criteria for sarcopenia 

EWGSOP1 EWGSOP2

Presarcopenia/Suspected sarcopenia  ↓ ASMM ↓ handgrip

Sarcopenia ↓ ASMM + handgrip/gait speed (TUG/4 m) ↓ handgrip + ASMM

Severe sarcopenia ↓ ASMM + handgrip + gait speed (TUG/4 m) ↓ handgrip + ASMM + gait speed (TUG/4 m)

EWGSOP – European Working Group on Sarcopenia in Older People, ASMM – appendicular lean muscle mass/height2, TUG – Timed Up and Go test 
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of a reduced handgrip and confirmed diagnosis of sar-
copenia when accompanied by the loss of muscle mass 
measured with ASMM index (Table 1). 

In addition, patients underwent a questionnaire sur-
vey assessing occurrence of falls in the last 12 months 
and 5 years. According to the WHO definition a fall is 
defined as a  sudden incident, an unexpected loss of 
balance while walking or performing other activities, 
which results in the patient finding himself on the 
ground. Due to this definition falls analyzed in this study 
included only those that happened from the height of 
a standing position. Seven patients were excluded from 
the analysis due to incorrect or ineligible completion of 
the questionnaire on falls. Statistical analysis was car-
ried out with Statistica 13 using tests, i.e. χ2 (Pearson), 
Student’s  t, Mann-Whitney U, comparison of average 
values and analysis of variance (ANOVA). Values of 
p < 0.05 were considered to be statistically significant. 

Results

Women in the study group were characterized by av-
erage values of parameters assessing skeletal muscles 
at the level of: 6.0 kg/m2 for ASMM (4.3-9.5; SD 0.9), 
22.2 kg for handgrip (3-38; SD 6.1), 11.5 seconds for the 
TUG test (5-45.5; SD 7.0) and 3.7 seconds for gait speed 
assessment (1.5-14.1; SD 1.6). Sixty women (49.2%) 
suffered at least one fall in the last 5 years with a to-

tal of 122 falls for the whole study group. Both in the 
fallers and non-fallers the most commonly diagnosed 
co-morbidities were rheumatic (85% vs. 81%), cardi-
ological (35% vs. 46%) and endocrine (35% vs. 22%) 
diseases. Due to the prevalence of comorbidities, the 
respondents who fell and those who did not most often 
took medications for the cardiovascular system (25% 
vs. 36%), for the thyroid (12% vs. 11%) and steroids (8% 
vs. 15%). The study did not make a detailed assessment 
of the impact of comorbidities on the risk of falls. A de-
tailed description of the studied subjects divided into 
the falling group and non-falling group is presented in 
table 2. No significant differences were observed be-
tween the groups regarding age, anthropometric index-
es (weight, height, BMI) or parameters assessing the 
quality of skeletal muscles (Table 2). 

The analysis showed that the risk of falls among the 
studied subjects was statistically significant in relation 
to their decreased muscle mass (i.e. ASMM < 5.5 kg/m2). 
The odds ratio in the studied group showed over a 2-fold 
increase (OR 2.4; 95% CI, 1.02-5.56) in subjects with 
a decreased muscle mass when compared to those with 
an ASMM healthy value defined by the EWGSOP guide-
line (Table 3). The ratio between non-fallers and those 
who have sustained a fall in the last year was 1.5 : 1 in 
those with a decreased muscle mass (Fig. 1). 

There was no correlation between falls in the last 
12 months and decrease of muscle strength as well as 
physical performance assessed with the TUG test and 
4 m gait speed test. Results were similar regardless the 

Table 2. Detailed group characteristics with the emphasis on 
the history of falls in the last 5 years

Variables Fallers 
(n = 60)

Non-fallers  
(n = 55)

p

Age (years) 69.8 68.4 0.21

Height (cm) 157.6 158.9 0.27

Weight (kg) 71.2 68.1 0.31

BMI (kg/m2) 28.7 26.9 0.12

ASMM (kg/m2) 6.1 5.8 0.41

Handgrip (kg) 21.7 23.0 0.19

TUG (s) 11.7 10.5 0.91

4 m gait speed (s) 3.7 3.4 0.86

Number of falls (n) 122 – –

ASMM – appendicular lean muscle mass/height2, TUG – Timed Up and Go 
test

Table 3. Relation between the risk of falls in the last year and last 5 years and parameters assessing quality of skeletal muscles 
in accordance with EWGSOP1 and EWGSOP2 criteria

Muscular system 
parameters

Falls 1 year (OR [95% CI]) Falls 5 years (OR [95% CI])

EWGSOP1 EWGSOP2 EWGSOP1 EWGSOP2

↓ Muscle mass 2.4 (1.02-5.56)* 2.4 (1.02-5.56)* 1.07 (0.48-2.38) 1.07 (0.48-2.38)

↓ Handgrip 1.00 (0.41-2.40) 0.41 (0.08-1.95) 1.57 (0.70-3.55) 2.00 (0.56-7.05)

↓ Performance (TUG) 0.53 (0.21-1.31) 0.36 (0.04-3.06) 1.31 (0.59-2.88) 1.82 (0.33-10.76)

↓ Performance (4 m) 0.22 (0.02-1.78) 0.22 (0.02-1.78) 4.15 (0.84 – 20.48) 4.15 (0.84-20.48)

EWGSOP – European Working Group on Sarcopenia in Older People, TUG – Timed Up and Go test, * p < 0.05 (after Sheskin)

Fig. 1. Ratio of women with a  fall in the last year to those 
without a fall in relation to muscle mass
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cut-off points used (EWGSOP1 and EWGSOP2). Risk of 
falls was also not significantly increased for falls in the 
last 5 years in those with decreased skeletal muscle 
quality parameters (Table 3).

Presarcopenia was diagnosed in 13.1% (using EWG-
SOP1) and suspected sarcopenia was observed in 6.6% 
(EWGSOP2) of the study group. Sarcopenia (including 
severe sarcopenia) was found in 18% and 4.1% of pa-
tients respectively. Following these results it was proven 
that sarcopenia is 4 times more likely to be diagnosed 
with EWGSOP1 when compared to the updated criteria 
from 2018 (Table 4).

Detailed characteristics of the study group, specify-
ing patients with a suspected sarcopenia, presarcope-
nia and sarcopenia assessed with the EWGSOP criteria 
from 2010 and 2018, are presented in Table 5. Study re-
sults show that women with sarcopenia were more like-
ly to sustain a fall in the last 12 months regardless of 
the EWGSOP criteria that were used to define it (36.4% 

and 33.3% respectively) when compared to healthy 
subjects. Similar results were observed to those with 
sarcopenia in relation to falls in the last 5 years (50% 
and 80% respectively) (Table 5). Since the parameters 
of the quality of the skeletal muscles are components 
of the definition of sarcopenia, they were not assessed 
separately for statistical significance.

Further analysis involved assessment of risk of falling 
in a group of patients with sarcopenia. An increased risk 
of falls in the last 12 months was observed in subjects 
with sarcopenia regardless of the EWGSOP (2010 and 
2018) criteria that were used as a definition (OR 1.7 and 
1.84 respectively). However, confidence interval values 
do not allow for an uncritical acceptance of those results. 
Similar outcomes were observed in relation to falls in the 
last 5 years (OR 1.03 and 3.92 respectively) (Table 6). 

Discussion

Basic involutional changes associated with aging, 
which occur more rapidly in postmenopausal women, 
result in a decrease of parameters that assess muscle 
quality, i.e. muscle mass and function including strength 
and physical performance [2]. These parameters are 
used in clinical practice to diagnose sarcopenia, which 
often results in falls following fractures [9, 10]. 

Our own research shows more than a  twofold in-
crease in the risk of fall within a  year in a  group of 

Table 6. Risk of falls in the last 12 months as well as in the last 
5 years in relation to the prevalence of sarcopenia

Falls Sarcopenia [OR (95% CI)]

EWGSOP1 EWGSOP2

12 months 1.71 (0.64-4.5) 1.84 (0.29-11.59)

5 years 1.03 (0.41- 2.6) 3.92 (0.42-3.56)

EWGSOP – European Working Group on Sarcopenia in Older People

Table 4. Prevalence of sarcopenia in the study group in accordance to the EWGSOP1 and EWGSOP2 criteria

Diagnosis EWGSOP1 EWGSOP2 p

n % n %

Presarcopenia/Suspected sarcopenia 16 13.1 8 6.6 0.255

Sarcopenia 22 18 5 4.1 < 0.001

Norm 84 68.9 109 89 –

EWGSOP – European Working Group on Sarcopenia in Older People

Table 5. Characteristics of the study group with the emphasis on sarcopenia defined using the EWGSOP1 and EWGSOP2 criteria

Variables (average) EWGSOP1 Norm 
(n = 84) 

EWGSOP2 Norm 
(n = 109)Presarcopenia 

(n = 16)
Sarcopenia*  

(n = 22)
Suspected 
sarcopenia 

(n = 8)

Sarcopenia* 
(n = 5)

Age (years) 67.8 70.6 69 70.6 68.8 69.1

BMI (kg/m2) 23.0 22.8 30.3 29.9 23.3 28.1

ASMM (kg/m2) 5.1 5.0 6.4 6.1 4.6 6.04

Handgrip (kg) 23.2 19.7 22.6 10.3 14.2 23.4

TUG (s) 8.0 13.9 11.6 19.8 15.8 10.7

4 m gait speed (s) 3.0 3.7 3.8 4.7 4.5 3.6

Number of fallers in the 
last 12 months (n [%])

5 (31.3) 8 (36.4) 19 (22.6) 0 2 (33.3) 31 (28.4) 

Number of fallers in the 
last 5 years (n [%])

8 (50) 11 (50) 41 (48.8) 4 (50) 4 (80) 52 (47.7)

EWGSOP – European Working Group on Sarcopenia in Older People, ASMM – appendicular lean muscle mass/height2, TUG – Timed Up and Go test,  
* sarcopenia was analyzed together with severe sarcopenia cases
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women with a reduced muscle mass. Similar results, re-
ported by Waters et al., showed a relation between bal-
ance loss and decreased ASMM index (HR 1.92; 95% CI 
1.05-3.52) in women, which is most likely associated 
with an increased risk of falls. Additionally, subjects 
who have had sustained a fall at the start of a 4-year 
follow-up period had greater balance deficits when 
compared to those without a reported fall (p = 0.008) 
[13]. In the study by Scott et al. while analyzing mid-calf 
muscle density at the proximal tibia in a group of 2214 
patients, the authors found a correlation between the 
reduction of density and increased risk of multiple falls 
in the following year (OR 1.62; 95% CI 1.16-2.23) [14]. 
In contrast to the above study by Van Ancum et al. re-
ported a dependence between a reduced muscle mass, 
assessed with the skeletal muscle index (SMI) and falls 
in men alone. At the same time a decline of SMI index 
was not associated with a significantly increased risk of 
falls in the next 3 months following the initial muscle 
mass measurement [15]. Lack of an increased risk of 
falls in a group of 496 patients with a reduced muscle 
mass has also been reported when EWGSOP1 (HR 0.98; 
95% CI 0.68-1.41) and Foundation for the National In-
stitutes of Health Sarcopenia Project (FNIH) (HR 0.94; 
95% CI 0.63-1.39) criteria were used [16]. 

Although the risk of falls was not found to be as-
sociated with a  reduced muscle strength in our study, 
a prospective study with 496 subjects proved a relation 
between a decreased handgrip and recurring falls. The 
authors of the study observed a  1.5-fold (EWGSOP1 
criteria, HR 1.51; 95% CI 1.01-2.25) and 2-fold (FNIH  
criteria, HR 2.05; 95% CI 1.26-3.33) increase in the risk 
of falls in those with a reduced handgrip [16]. Contrary 
to the above results, in a study on 378 subjects, the au-
thors found that a decrease of handgrip (p = 0.02) did 
not significantly increase the risk of falls in men (OR 
0.93; 95% CI 0.88-0.99) in a 3-month follow-up. No such 
significant association was found between handgrip 
and falls in women [15]. A  long lasting perspective on 
a risk of falls has been presented in a study by Balogun 
et al. where similar results were reported in relation to 
muscle strength. In a group of 1041 subjects there was 
no correlation between the lower values of handgrip 
and risk of falls in the last 10 years (β 0.50; 95% CI 0.27-
0.73). Handgrip was however found to be a predicator of 
subsequent fractures (RR 1.55; 95% CI 1.09-2.20) [17]. 

There is a  limited number of studies that analyze 
the relation between physical performance and falls. In 
our study, as well as in the prospective study by Schaap 
et al., no significant association was observed between 
the increase of risk of falls and reduced physical perfor-
mance assessed with gait speed tests using EWGSOP1 
and FNIH criteria (HR 1.36, 95% CI 0.91-2.04; HR 1.46, 
95% CI 0.99-2.16 respectively) [16]. Contrary to that, 
a study by Scott et al. showed a significant correlation 
between the gait speed (OR 0.96; 95% CI 0.93-0.99), 

length of step (0.87; 95% CI 0.77-0.98) and reduction of 
risk of falling in 3 years [18]. 

Sarcopenia as a  progressive disorder of skeletal 
muscles has been directly linked, in multiple studies, 
with an increased probability of falls [19, 20], fractures, 
disability and mortality [9, 10, 19-25]. Therefore, early 
identification of patients with suspected sarcopenia is 
crucial to reduce the risk of the above-mentioned com-
plications. Gadelha et al. stated that the frequency of 
falls significantly increases as the sarcopenia advances, 
reaching the highest spread of falls in those with severe 
sarcopenia [21]. Recent meta-analyses from 2019 and 
2020 report an indisputable increase in the risk of falls 
in people over 65 years of age with sarcopenia [19, 20]. 
The first meta-analysis, which included 10  073 study 
subjects, presented a  1.5-fold increase in the risk of 
falling in those with sarcopenia, when compared with 
the control group (OR 1.52; 95% CI 1.32-1.77) [19]. 
Similar results were observed in a  2020 meta-analy-
sis, with a  total of 52 838 patients, where the preva-
lence of sarcopenia was associated with a higher risk 
of falls for women (OR 1.49; 95% CI 1.19-1.87) and men  
(OR 1.82; 95% CI 1.20-2.75) [20]. Both of the above-men-
tioned papers based their conclusions on research that 
had used different diagnostic criteria for sarcopenia. 
Bischoff-Ferrari et al. published a more detailed assess-
ment by differentiating the risk of falls using various di-
agnostic criteria for sarcopenia. The authors stated that 
the largest increase may be observed when the criteria 
regarding decrease in muscle mass (M < 7.26 kg/m2;  
W  < 5.45 kg/m2) by Baumgartner (OR 1.54; 95% CI 
1.09-1.18) are used along with EWGSOP 2010 criteria  
(OR 1.82; 95% CI 1.24-2.69). Cut-off points for mus-
cle mass for both of the above-mentioned criteria are 
almost identical. Using these criteria, a  higher risk is 
observed in women with sarcopenia (RR 1.97 vs. 2.81 
respectively) than men (RR 1.10 vs. 1.31 respectively). 
When other criteria were implemented there was no 
correlation between sarcopenia and the increased risk 
of falls [26]. Two studies by Scott et al. from 2017 and 
2019 confirmed an increased risk of falls (RR 1.58, 95% 
CI 1.14-2.17; RR 2.15, 95% CI 1.58-2.94 respectively) in 
patients with sarcopenia diagnosed using EWGSOP1 
criteria, when compared with the control group (note: 
only male subjects were studied) [22, 23]. A  similar 
relation was observed by Tanimoto et al. with a 4-fold 
increase of risk of falls in men (OR 4.42; 95% CI 2.08-
9.39) and 2-fold in women (OR 2.34; 95% CI 1.39-3.94) 
diagnosed with sarcopenia using EWGSOP1 [24]. Sar-
copenia diagnosed with these criteria also proved to 
affect risk of falling in a group of 260 patients (HR 3.25; 
95% CI 1.54-6.88) after the study model had been ad-
justed by age and sex [25]. 

Contrary to the above results, our own study, along 
with a  few others using EWGSOP1, did not prove 
an increased risk of falls in women with sarcopenia  
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[3, 16, 27]. When FNIH criteria were applied in a study of 
498 patients the authors found an increased risk of falls 
in subjects with sarcopenia (HR 2.38; 95% CI 1.37-4.14). 
FNIH cut-off points are considered more rigorous (ASMM 
< 5.12 kg/m2, handgrip < 16 kg, gait speed < 0.8 m/s 
for women and ASMM < 7.89 kg/m2, handgrip < 26 kg, 
gait speed < 0.8 m/s for men) than EWGSOP1 criteria 
[16]. Similar results with FNIH criteria were reported by 
Scott et al. with a 1.6-fold increase in the risk of falls for 
2 years in men with sarcopenia [22]. Also when using 
the International Working Group on Sarcopenia (IWGS) 
criteria (men: ASMM < 7.23 kg/m2, gait speed < 1.0 m/s; 
women ASMM < 5.57 kg/m2, gait speed < 1.0 m/s) stud-
ies showed a 2.4-fold increase of the risk of falls within 
a year (OR 2.41; 95% CI 1.03-5.56) in subjects with sarco-
penia, contrary to the EWGSOP1 criteria (OR 1.62; 95% CI 
0.41-6.31) [3]. It was estimated that approximately 10% 
of falls end up with a  patient’s hospitalization [11]; 
however, a study by Sim et al. with 903 women did not 
confirm increased hospitalization rates within 5 years in 
subjects with sarcopenia diagnosed either with FNIH (HR 
0.93; 95% CI 0.51-1.70) or EWGSOP1 (HR 1.18; 95% CI 
0.80-1.75) [28]. To the best of our knowledge currently 
there is no study assessing the relation between risk of 
falls and sarcopenia using updated EWGSOP2 guidelines 
except the following – in which no increased risk of falls 
was reported within a year or 5 years. Although risk fac-
tors such as pain, single status, lack of social security 
and accompanying chronic diseases were found to be 
statistically significant in relation to the risk of falls [29], 
the authors did not include them in this paper. 

Differences in the risk of falls among patients with 
sarcopenia in various studies may be explained by the 
use of different diagnostic criteria which had influ-
enced the prevalence of sarcopenia. A  review of the 
literature and our own study emphasize crucial differ-
ences in the epidemiology of sarcopenia depending on 
the diagnostic criteria that were used by the authors 
[26, 27, 30-32]. A meta-analysis that included 445 pa-
tients presents a prevalence of sarcopenia within the 
range of 2.5-27.2% in women and 3.1-20.4% in men 
depending on the criteria that were used [26]. A study 
by Kim et al. reports sarcopenia in 2.3-11.7% in women 
and 7.1-28% in men respectively using similar method-
ology [29]. Lowest sarcopenia prevalence was observed 
when FNIH criteria were applied (2.3%) following IWGS 
(11.8%) and EWGSOP1 guideline (13.3%) [30]. Sarcope-
nia was more likely to be diagnosed when the defini-
tion was based on muscle mass alone. The above-men-
tioned criteria have evolved with time by broadening 
the definition with parameters such as muscle strength 
and physical performance. Low muscle mass as a sole 
risk factor does not have to affect physical performance 
and the onset of clinical symptoms [26, 29]. In our own 
study it was established that sarcopenia is 4 times 
more likely defined with EWGSOP1 criteria in compar-

ison to the updated guideline from 2018 (p < 0.001). 
Even greater differences in the prevalence of sarcope-
nia using two sets of EWGSOP guidelines were report-
ed by Petermann-Rocha et al. (8.14% vs. 0.36%) [31]. 
Contrary to that study, no significant differences (using 
both EWGSOP criteria) were reported by Rodríguez-Re-
jón et al. in a group of institutionalized patients [32]. 
Bianchi et al. reported that there were no significant 
differences in the prevalence of sarcopenia when EWG-
SOP2 (22.8%) and FNIH (23.9%) criteria were used [33]. 
Large discrepancies in the epidemiology of sarcopenia 
depending on the guidelines used indicate the need for 
further prospective studies on larger populations.

Despite the promising results of this study there are 
some limitations that should be mentioned, i.e. a small 
study sample (n = 122) and exclusion of 7 patients due 
to an incomplete questionnaire. Our study failed to as-
sess the detailed relationship between coexisting co-
morbidities and drugs, which may have affected some 
of the results from the muscle quality assessment (i.e. 
handgrip, gait speed). Despite these limitations this is 
a preliminary study that assesses the relation between 
the risk of falls, the reduction of parameters evaluat-
ing the quality of skeletal muscles and sarcopenia. The 
study will continue in order to assess the problem in 
a larger study group.

Conclusions

1. The decrease of muscle mass is significantly cor-
related with the risk of falls in the last year in post-
menopausal women, but due to the small study sample 
and heterogeneity of the available papers it is advised 
for the topic to be analyzed more thoroughly. 

2. Risk of falls was not significantly increased for the 
falls in the last 5 years in those with decreased skeletal 
muscle quality parameters. This result has a lower em-
pirical value as patients often fail to report a fall, most 
likely due to a  problem with remembering an event 
from the distant past, especially if it was not associated 
with a trauma. 

3. It was found that the impact of sarcopenia on the 
risk of falls depends on diagnostic criteria. An increased 
risk of falls was not proven in women with sarcope-
nia (using both EWGSOP1 and EWGSOP2). In order to 
clearly identify the relation between sarcopenia and in-
creased risk of falls there is a need for studies with larg-
er group samples, including meta-analysis using unified 
diagnostic criteria.

4. Prevalence of sarcopenia significantly differs 
depending on the type of diagnostic criteria that are 
used. Sarcopenia is more likely to be diagnosed with 
EWGSOP1 criteria, where muscle mass is a basic deter-
mining parameter (along with handgrip and/or physical 
performance), in comparison to the updated criteria 
EWGSOP2 from 2018 (p < 0.001).
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