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Abstract

Background: Ageing is an inherent feature of life and as per the United Nations, in the year 2020, 985 million women
were > 50years of age worldwide, and the figure is expected to rise to 1.65 billion by 2050. Preservation of health and
well-being in the elderly are challenging, and on the same note generalized changes in the musculoskeletal system
contribute to this scenario. Musculoskeletal changes with ageing are referred to as sarcopenia. Reduced muscle mass
and physical performance are hallmarks of sarcopenia, exclaimed with difficulty in independent activity and poor
quality of life. Knowing that there is a hiatus in our knowledge as regards to the prevalence of sarcopenia in Hungary,
the aim of this study was to determine the prevalence of sarcopenia in a community dwelling outpatient postmeno-
pausal Hungarian cohort using the EWGSOP2 consensus recommendation.

Methods: In this cross-sectional study, women arriving for routine bone densitometry examination at the Regional
Osteoporosis Center, Department of Obstetrics and Gynecology, Faculty of Medicine, University of Debrecen were
invited to participate in the study. A total of a 100 community-dwelling women were recruited who confirmed to the
inclusion criteria of self-reported postmenopausal status, > 50years of age and gave written informed consent. The
study procedures included the self-administered SARC-F questionnaire, followed by assessment of muscle strength,
muscle quantity and physical preformance. Muscle strength was determined with the hand grip strength (HGS),
appendicular skeletal muscle mass was assessed using dual energy X-ray absorptiometry and physical performance
was determined by the gait speed (GS) test.

Results: As per the EWGSOP?2 definition, the percentage of study participants with probable sarcopenia (low muscle
strength), sarcopenia (low muscle strength and low muscle quantity) and severe sarcopenia (low muscle strength,
muscle quantity and low physical performance) was 36, 31 and 8%, respectively. Multiple linear regression analysis
revealed that height, weight, HGS and GS were all independent predictors of appendicular skeletal muscle mass.

Conclusion: The 31% prevalence of sarcopenia in the studied post-menopausal women highlights the need for
adequate assessment of the condition in the elderly. Our findings most probably bear public health implications and
may accelerate formulation of policies promoting healthy ageing.
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status, and over-all independence [1]. The definition of
sarcopenia has since evolved with a dominant focus on
muscle function, defined by muscle strength, muscle
power or physical performance, as a potent predictor
of relevant clinical outcomes rather than muscle mass
alone [2-5]. Preservation of health and well-being in
the elderly are challenging, and on the same note gen-
eralized changes in the musculoskeletal system contrib-
ute to this scenario. Depending on the definition used,
the prevalence of sarcopenia ranges between 1 and 53%
[6-42].

Sarcopenia is associated with a multitude of comor-
bidities having a significant impact on public health
[43, 44]. The consequences of sarcopenia include high
mortality, increased risk of falling, prolonged hospi-
talizations, augmented fracture risk, deprived mobility
and physical function, and an inferior quality of life [6,
45-50].

As per an estimation by the United Nations, in the
year 2020, 985 million women were > 50years of age
worldwide, and the figure is expected to rise to 1.65
billion by 2050 [51]. As per the Hungarian 2011 con-
sensus, 2,179,606 women were > 50years of age (21.9%
of the population) [52]. This population may be con-
sidered postmenopausal as menopause is universal and
shows meager variation in the timing of its onset, i.e.,
around 50vyears of age, across human populations and
has remained quite steady over the last 100years in
developed societies [53-55].

Studies suggest that the decline in estrogen levels
during menopause may play a role in decline of lean
body mass [56, 57]. Furthermore, postmenopausal
women with sarcopenia were found to have decreased
quality of life in a recent study by Cevei et al. [58].

In the past, diagnosis of sarcopenia was perhaps
hindered by lack of a broadly accepted clinical defini-
tion. The European Working Group on Sarcopenia
in Older People (EWGSOP) coined a definition that
provided a framework for the diagnosis of sarcopenia
in 2010 [59]. The definition was refined in 2019, and
includes assessment of muscle strength, muscle mass
and physical performance within a well-defined algo-
rithm [60]. Although the EWGSOP2 consensus pro-
vides an exhaustive list of methodologies, they suggest
hand grip strength determination for assessing muscle
strength, dual-energy X-ray absorptiometry (DXA) to
determine muscle quantity and gait speed to determine
physical performance [60].

Knowing that there is a hiatus in our knowledge as
regards to the prevalence of sarcopenia in Hungary, the
aim of this study was to determine the prevalence of sar-
copenia in a postmenopausal Hungarian cohort using the
EWGSOP2 consensus recommendation.
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Methods

Patients

In this cross-sectional study, women arriving for routine
bone densitometry examination at the Regional Osteopo-
rosis Center, Department of Obstetrics and Gynecology,
Faculty of Medicine, University of Debrecen were invited
to participate in the study. A total of a 100 community-
dwelling women were recruited who confirmed to the
inclusion criteria of self-reported postmenopausal sta-
tus, > 50vyears of age and gave written informed consent.
Self-reported menopause was defined as amenorrhea of
at least 12 consecutive months after the last menstrual
period [61]. Upon arrival to the out-patient department,
patients were verbally informed about the study initia-
tive with a brief summary on the importance of sarco-
penia and a detailed description about the various study
procedures. The study target of a 100 recruits was met
in 3months between January and March of 2019. None
of the women declined invitation to participate in the
study. The study was performed according to the Decla-
ration of Helsinki and approved by the Ethics Commit-
tee of the University of Debrecen, Hungary (approval No.
5314-2019).

Study procedures

The study commenced with the self-administered
5-item strength, assistance walking, rise from a chair,
climb stairs and falls (SARC-F) questionnaire, followed
by assessment of muscle strength, muscle quantity and
physical preformance.

SARC-F questionnaire

The SARC-F questionnaire is recommended by the
EWGSOP2 as means of case-finding, where self-reports
on signs that are characteristic of sarcopenia are noted
from the patient [60]. The 5-item SARC-F question-
naire is a screening tool for risk of sarcopenia, where the
patients insight of their extent in strength, walking ability,
rising from a chair, stair climbing and acquaintances with
falls is registered. As described by Malmstrom et al., the
maximum SARC-F scale score is 10 (with 0-2 points for
each of the 5 component; where a score of 0 is the best
and 10 the worst) and a score of >4 is an indication for
a diagnostic work-up to assess sarcopenia [62]. Strength
is perceived by asking respondents how much difficulty
they have lifting or carrying roughly 4.5 kgs i.e., 10 Ibs.
(0=no difficulty, 1 =some, and 2 =a lot or unable to do).
Assistance walking is assessed by noting the amount of
difficulty the participant has when walking across a room
and need for help or aids to do this (0=no difficulty,
1=some difficulty, and 2=a lot of difficulty, use aids, or
need of personal help). Rise from a chair pertains to the
amount of difficulty in transferring from a chair or bed
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and whether they need help or aids to do this (0=no
difficulty, 1=some difficulty, and 2=a lot of difficulty,
use aids, or need of help). Climb stairs is determined by
querying the amount of difficultly the respondent has in
climbing a flight of 10 steps (0=no difficulty, 1 =some,
and 2=a lot or unable to do). For falls, reporting falling
four times or more in the previous year is scored as 2,
1-3 times a year as 1, and for no reported falls as 0.

Assessment of muscle strength

Muscle strength was determined with the hand grip
strength (HGS) that was measured using the Jamar tech-
nologies hydraulic hand dynamometer (JLW Instru-
ments, Chicago, IL, USA / Sammons Preston Rolyan,
Bolingbrook, IL) as described by Roberts et al. [63]. In
short, the patient is made comfortable in a chair with
fixed legs and arms and a back support, with their fore-
arms on the chair arms and their wrist, with their thumb
facing upwards, over the end of the arms of the chair.
The use of the dynamometer is demonstrated, and the
importance of registering the best score upon tight grip-
ping is emphasized. With the instrument comfortably in
the patients’ right hand, the thumb is positioned around
one side of the handle and the fingers around the other.
In order to counteract the effect of gravity, the examiner
rests the base of the instrument with his or her palm
ensuring that its movement is not restricted. A strong
squeeze is encouraged until the measuring needle stops
rising. The grip strength is read from the outside dial
in kilograms. The measurement is repeated for the left
hand, with two additional measurements for each hand
and the highest of the six readings and hand dominance
is recorded.

Assessment of the muscle mass

Dual-energy X-ray absorptiometry whole body scan was
performed with the LUNAR Prodigy (GE-Lunar Corp.,
Madison, W1, USA) densitometer by a trained and cer-
tified DXA technician to assess the fat mass, lean mass,
and bone mass of various regions of interest. Appendicu-
lar skeletal muscle mass (ASM) was calculated as the sum
of lean mass in the arms and legs (all four extremities),
assuming that all non-fat and non-bone tissue is skeletal
muscle [64]. Since the EWGSOP2 criteria makes no rec-
ommendation for adjustment of body size, ASM (< 15kg)
per se was used to define sarcopenia [60].

Assessment of physical performance

Physical performance was assessed using the 4m usual
walking speed test also known as the gait speed (GS) test
[65, 66]. Patients covered 4m on a straight clearly marked
course in their usual pace, with a cane or walker if nor-
mally used, and the time taken was measured using a
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stopwatch. Speed was the distance travelled divided by
the time taken measured by a stop watch.

As suggested by the EWGSOP2 consensus, the cut-
off values for the measured variables are summarized in
Table 1 [60].

As per the 2018 operational definition of sarcopenia,
patients with low muscle strength are identified as those
with probable sarcopenia, diagnosis of sarcopenia is con-
sidered confirmed by additional documentation of low
muscle quantity or quality, additionally sarcopenia is con-
sidered severe when the patient presents with low muscle
strength, muscle quantity or quality and low physical per-
formance [60].

Statistical methods

Descriptive statistics for all continuous variables are pre-
sented as median and range. The normality of distribu-
tion was assessed using the Kolmogorov-Smirnov test.
The Spearman’s correlation coefficient was calculated for
correlation analysis. Univariate and multiple regression
analysis using the stepwise method was used to deter-
mine correlations and independent associations between
parameters. Appendicular skeletal muscle mass was the
dependent variables and SARC-F, weight, height, body
mass index, HGS and GS were independent variables.
The B standardized linear coefficients showing linear
correlations between two parameters were determined.
Independent association between the dependent and
independent variables was indicated by the B (95%CI)
regression coefficient. Statistical significance was defined
as p values <0.05. All analyses were performed using
the SPSS Statistics software, version 25.0 (IBM Corps.,
Armonk, NY, USA).

Results

The characteristics of the patients in this cross-sectional
study are shown in Table 2. As per the EWGSOP2 defini-
tion, the percentage of study participants with probable
sarcopenia (low muscle strength), sarcopenia (low muscle
strength and low muscle quantity) and severe sarcopenia
(low muscle strength, muscle quantity and low physical
performance) was 36, 31 and 8%, respectively (Fig. 1). On

Table 1 Indicator cut-off values for the studied parameters

Parameter Cut-off values
Strength, assistance walking, rise from a chair, climb >4

stairs and falls (SARC-F) questionnaire

Hand Grip Strength <16kg
Appendicular skeletal muscle mass (ASM) <15kg

4-m gait speed <0.8m/s
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Table 2 Patient Characteristics
Parameters (median, range) All participants ASM <15kg ASM >15kg
(n=100) (n=31) (n=69)
Age (years) 66 (50-84) 67 (50-83) 66 (50-84)
Weight (kg) 64.5 (41-95) 57 (41-71)° 68 (47-95)°
Height (cm) 157 (141-170) 152.5 (141-170)° 158 (146-169)°
Body mass index (kg/m?) 26.2 (18.8-36.5) 24.2 (19.2-31.3)¢ 27.5(18.8-36.5)°
SARC-F questionnaire score 3(0-9) 6 (4—9)d 2 (0—7)d
Hand grip strength (kg) 20.6 (10.9-27.9) 12.8 (10.9-14.5)° 21 2( -27.9)¢
Gait Speed (m/s) 1.11 (0.39-1.61) 1.05 (0.39-1.61)f 109-161)
Left upper extremity lean mass (kg) 2.17(1.29-3.09) 1.88 (1.29-2.28)9 2.30(1.69-3. 09)g
Left lower extremity lean mass (kg) 5.65(3.50-9.33) 484 (3.50-5.44)" 5.97 (529-9.33)"
Right upper extremity lean mass (kg) 222 (149-3.17) 1.94 (1.55-2.30)' 236(1.49-3.17)
(

Right lower extremity lean mass (kg)

5.71(3.70-9.54)

5.02 (3.70-5.61)

6.01(5.27-9.54)

ASM (kg) 15.79 (10.81-24.10)

Body mass index adjusted ASM 0.610(0.378-1.097)

1641 (15.00-24.10)
0.626 (0.435-1.097)'

13.82(10.81-14.88)
0.577 (0.378-0.744)"

abcdefghijkl

questionnaire

comparing study participants with low (< 15kg) and nor-
mal (>15kg) ASM, significant differences were found in
weight (57 (41-71) kg versus 67.5 (47-95) kg; p<0.001),
height (152.5 (141-170) cm versus 158 (146-169) cm;
p<0.001), body mass index (24.2 (19.2-31.3) kg/m? ver-
sus 27.5 (18.8—36.5) kg/m?); p <0.001), SARC-F question-
naire score (6 (4-9) versus 2 (0-7); p<0.001), hand grip
strength (12.6 (10.9-14.5) kg versus 21.2 (11.1-27.9) kg;
p<0.001) and gait Speed (1.05 (0.39-1.61) m/s versus
1.11 (0.9-1.61) m/s; p<0.001). All parameters used in the
calculation of ASM, i.e., left upper extremity lean mass,
left lower extremity lean mass, right upper extremity lean
mass and right lower extremity lean mass, were all statis-
tically significantly lower in those with ASM < 15kg. BMI
adjusted ASM as suggested by Cawthon et al. was signifi-
cantly lower in those with ASM <15kg [67].

Appendicular skeletal muscle mass showed statisti-
cally significant correlation with height, weight, body
mass index, SARC-F questionnaire score, HGS and GS
(Table 3).

Upon univariate analysis of the cohort data, partici-
pants with lower appendicular skeletal muscle mass had
lower height, weight, body mass index, HGS and GS, and
higher SARC-F score (Table 4).

Multiple linear regression analysis revealed that height,
weight, HGS and GS were independent predictors of
appendicular skeletal muscle mass (Table 5).

Discussion

Using the algorithm detailed by the EWGSOP2, diag-
nostic work-up for sarcopenia was dictated in 40 (40%)
study participants using the SARC-F questionnaire score,

p <0.001. ASM: Appendicular skeletal muscle mass. SARC-F: 5-item strength, assistance walking, rise from a chair, climb stairs and falls (SARC-F)

sarcopenia was probable in 36 of these individuals as per
the muscle strength findings, sarcopenia was confirmed
in 31 based on their muscle mass and 8 of them were
diagnosed as having severe sarcopenia following assess-
ment of their physical performance. Although the EWG-
SOP2 criteria do not explicitly define presarcopenia,
those with a SARC-F score of >4 and ASM <15kg may
well be categorized as presarcopenic, and are candidates
for stringent follow-up in the near future. In our study,
5 individuals confirmed to the criteria of presarcopenia
(Fig. 1).

The prevalence of sarcopenia has been reported by
quite a few from various parts of the globe [6-58].
Table 6 lists the studies conducted in the past two dec-
ades. Table 6 summarizes the characteristics of the stud-
ied cohorts, the various techniques employed to assess
muscle mass, muscle strength and physical performance,
and the prevalence of sarcopenia for both sexes where
available. Although the 2010 EWGSOP consensus deline-
ates a frame-work for the assessment of sarcopenia, it is
lenient in allowing the variables to be measured by vari-
ous techniques that inherently leaves room for disparities
as regards to comparison of published prevalence data
[59]. The published data reports a prevalence of sarco-
penia ranging between 1 and 53%, the aforementioned
may offer explanation for this wide range, but other fac-
tors such as the variable age of the study participants
and inclusion or non-inclusion of both sexes in the study
cohort may also be contributory. It needs mention that
apart from the EWGSOP consensus recommendations,
the International working group on sarcopenia (IWGQG)
and the Asian working group for sarcopenia (AWGS)
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3 4 N\
SARC-F ) < Sarcopenia excluded
(n=100) J (n=60)
N J
= 4 (n=40)
- ™\
Muscle Strength =16kg Sarcopenia excluded
(Hand Grip Strength) (n=4)
- 7
<16 kg (n=36)
Sarcopenia probable
Appendicular Skeletal Muscle Mass  |* 15ke Presarcopenia
(kg) (n=5)

<15kg

Sarcopenia confirmed
(n=31)

Physical Performance (Gait speed)

<08 m/s

Sarcopenia severe
(n=8)

Fig. 1 EWGSOP2 consensus recommended algorithm for sarcopenia case finding in the studied cohort

Table 3 Correlation analysis between appendicular skeletal muscle mass and the dependent variables

Height Weight BMI SARC-F HGS GS
ASM Spearman’s p 0516 0.602 0.389 —0612 0.628 0347
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

ASM Appendicular skeletal muscle mass, BMI Body mass index, SARC-F 5-item strength, assistance walking, rise from a chair, climb stairs and falls (SARC-F)
questionnaire, HGS Hand grip strength, GS Gait speed

recommendations are also in use [59, 68, 69]. The use of to the other studies listed in Table 6. Furthermore, the
the International working group on sarcopenia criteria ~ Asian working group for sarcopenia recommendations
by Tramontano et al may not allow head-to-head com-  have been used in quite a few Asian studies [40-42].
parison of the reported prevalence of sarcopenia in Peru
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Table 4 Results of the univariate analyses
Dependent variable Independent variable Univariate analysis
B (95% Cl) B p value
Appendicular Skeletal Muscle Mass Height 0.201 (0.143-0.259) 0.570 <0.001
Weight 0.121 (0.086-0.155) 0.575 <0.001
Body Mass Index 0.193 (0.083-0.303) 0332 0.001
SARC-F —0.587 (—0.742 - -0.432) —0.605 <0.001
Hand Grip Strength 0.253 (0.187-0.319) 0611 <0.001
Gait Speed 3.390 (1.676-5.103) 0.369 <0.001
SARC-F 5-item strength, assistance walking, rise from a chair, climb stairs and falls (SARC-F) questionnaire
Table 5 Multiple regression analysis of Appendicular Skeletal Muscle Mass
Dependent variable Independent variable Multivariate analysis
B (95% Cl) B p value
Appendicular Skeletal Muscle Mass Height 0.125 (0.073-0.176) 0.354 <0.001
Weight 0.046 (0.014-0.078) 0.219 0.006
Hand Grip Strength 0.147 (0.087-0.207) 0.354 <0.001
Gait Speed 1.735 (0.479-2.990) 0.189 0.007

The probable limitations of our study are the relatively
low number of participants, and the non-inclusion of
men. The participants in this study were women who
were referred for a routine bone densitometry examina-
tion and per se do not represent the general population.
There may perhaps be a selection bias, since postmeno-
pausal women reluctant to have routine checkups may
have been missed from the study, moreover there may
have been a greater likelihood of inclusion of those
with musculoskeletal complaints. The reliability of
self-reported menopausal status may be confounded
by the subjective recollection of the reporter and per-
haps complimentary assessment of folliculus stimulat-
ing hormone levels could have furthered more precise
documentation of the the menopausal status of the
studied women [70, 71]. The sample size of the studied
population was limited to a 100 participants. The main
aim of the present study was to estimate the prevalence
of sarcopenia in a community dwelling postmenopausal
out-patient population. For sample size calculation the
expected proportion or prevalence in the population
based to previous studies or pilot studies is a prerequi-
site [72]. There is no Hungarian data on the prevalence
of sarcopenia, and knowing from other populations
that previous estimates of prevalence of sarcopenia in
women, from various age groups, range from 0.9-43.1%
albeit based on different definitions of sarcopenia
(Table 6), the sample size chosen in the present study
would suffice to an estimated prevalence of below 7%.

The finding of the present study at best qualify as find-
ings from a pilot study given its inherent limitations
and dictates validation on a sample size nurtured from
the general population pool. Additional limitations
include, lack of data on potential confounders such as
total body fat, physical activity, diet and race.

Most studies report no significant association between
sarcopenia prevalence and gender [8, 12, 14, 73, 74].
Nonetheless, Landi et al. reported that men were more
commonly affected as compared to women [6] and Patel
et al. in their study showed a higher prevalence of sarco-
penia in women than in men [75]. This lack of consensus
and the reported disparity among studies on the preva-
lence of sarcopenia in men and women advocate further
investigations on the effect of gender on the prevalence of
sarcopenia.

Estrogen decline, especially following menopause is
one the factors implicated in the loss of lean muscle mass
in women [76].

In our study, we used the EWGSOP2 recommenda-
tions published in 2019 [60]. As compared to the EWG-
SOP, the EWGSOP?2 has better delineated the techniques
recommended to assess muscle strength, muscle mass
and physical performance [59, 60]. We used the DXA
technique to assess muscle strength using the appen-
dicular skeletal muscle mass. As recommended by the
EWGSOP2 criteria, ASM in our cohort was not adjusted
for body size [60]. Nonetheless, the use of unadjusted
ASM to diagnose sarcopenia limits its comparability to
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previous studies where ASM was adjustment for height
or body mass index.

Our findings most probably bear public health implica-
tions and may accelerate formulation of policies promot-
ing healthy ageing.

Conclusion

The 31% prevalence of sarcopenia in the studied post-
menopausal women highlights the need for adequate
assessment of the condition in the elderly.
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