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Abstract: The age-related decline of muscle strength, mass, and physical performance (sarcopenia) 

has been raising concerns among the scientific and healthcare communities. This decline may differ 

between populations, age groups, and sexes. Therefore, we aimed to explore sarcopenia together 

with the impact of health and socio-economic parameters in mature Kosovans. A cross-sectional 

study was conducted on community-dwelling adults aged ≥60 years (n = 240, 47.1% female) from 

the Prishtina region. Sarcopenia was identified using the following criteria: (i) the European Work-

ing Group in Sarcopenia for Older People (EWGSOP1), (ii) the revised EWGSOP2 algorithms, and 

(iii) sex-specific cut-points derived from the Kosovan population. In males, pre-sarcopenia/probable 

sarcopenia was detected from the EWGSOP1, EWGSOP2 and Kosovan-specific criteria at values of 

3.1%, 5.5%, and 28.3%; sarcopenia was detected at 1.6%, 5.5%, and 0.0%, and severe sarcopenia was 

detected at 4.7%, 2.4%, and 4.7%, respectively. Pre-sarcopenia was lower in females (0.9%, 5.3%, 

16.8%), with no cases of sarcopenia or severe sarcopenia detected by either algorithm. Sarcopenic 

males were older, had a lower weight, BMI, skeletal muscle mass, performance score, nutritional 

status (p < 0.001), educational level (p = 0.035), and higher malnourishment risk (p = 0.005). It is 

notable that high overweight and obesity levels were also detected (93.8% of females, 77.1% of 

males). This study highlights the importance of using population-specific cut-points when diagnos-

ing sarcopenia, as otherwise its occurrence may be underestimated, especially in obese persons. 

Age, body composition, physical performance, health, and socio-economic conditions can influence 

the occurrence of sarcopenia. 
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1. Introduction 

Sarcopenia presents an issue that is rapidly gaining interest among the scientific com-

munity, and it is clinically used to describe the age-related changes in the skeletomuscular 

system and their impact on the health of older people [1]. In 2010, a practical clinical def-

inition and consensus diagnostic criteria for age-related sarcopenia was developed by the 

European Working Group on Sarcopenia in Older People (EWGSOP1) [2]; it focused on 

lower muscle mass as the key characteristic accompanied by either lower muscle strength 

or worse physical performance (PP), or both (sarcopenia and severe sarcopenia, respec-

tively). The revised 2019 version (EWGSOP2) [3] defined sarcopenia as a muscle disease 

(muscle failure) rooted in adverse muscle changes that occur across a lifetime, which was 

also associated with an increased likelihood of adverse outcomes, including falls, frac-

tures, physical disability, and mortality. With the EWGSOP2 criteria, the attention was 

shifted towards the recommendation of using muscle strength as the primary parameter 

for sarcopenia diagnosis (probable sarcopenia). Low muscle quantity or quality would 

confirm the condition (confirmed sarcopenia), and the combined presence of low muscle 

strength, low muscle quantity/quality, and low physical performance characterizes the 

state of severe sarcopenia [3]. In addition to modifying the diagnostic algorithm, popula-

tion-specific cut points were also proposed for use, namely to assess two standard devia-

tions below the mean of a young comparison population [4]. 

Global estimates of sarcopenia prevalence vary from 10% to 27% depending on the 

definition used, ethnicity, age, and sex [5]. Sex emerges as a particularly interesting sarco-

penia influence factor because of the age-related hormonal effects on muscle phenotypes, 

notably through estrogens and estradiol in particular [6,7]. However, ageing is a process 

that, aside from the progressive decline of muscle quality and quantity, is often character-

ized with a sex-specific visceral fat increase as well. Visceral fat itself has been shown to 

be related and even induce inflammation [8], which may subsequently contribute to the 

development of sarcopenia [9]. Additionally, it has been shown that a population’s gen-

eral health status as well as their educational and socio-economic status might affect the 

prevalence levels [10,11]. To date, the majority of studies have been predominantly based 

on Caucasians from high-income countries [12], but data from low- and middle-income 

countries involving a Caucasian population within Europe are scarce [13,14]. Kosovo de-

clared independence in 2008 and has been recognized by more than 100 United Nations 

members as well as 23 out of 28 members of the European Union (EU). Despite its devel-

opment to an upper-middle-income country and experiencing a solid economic growth 

over the last decade, life expectancy is still in the lower range compared with the EU (70.3 

years for males and 74.8 years for females) [15]. Sarcopenia has been associated with an 

increased risk of all-cause mortality [16], but no study so far has determined neither its 

occurrence nor the more robust diagnostic criteria and cut-points for the Kosovan popu-

lation. Therefore, this study aimed to determine sarcopenia levels as defined by different 

diagnostic criteria (EWGSOP1, EWGSOP2, and population-specific cut points) in older 

Kosovan adults and evaluated the impact of socio-economic, health-related, and lifestyle 

factors on sarcopenia status. 

2. Materials and Methods 

2.1. Study Design and Sample 

This cross-sectional study examined data from community-dwelling males and fe-

males aged over 60 years living in the region of Prishtina, the largest region in Kosovo. 

This region is home to 477,312 people (27.4% of the total population of Kosovo), and 6.7% 

of the total Kosovan population are over 60 years old [17]. An a priori sample size estima-

tion has been performed by using the following equation: n = (z2) × P × (1 − P)/d2, where n 

= sample size, z = z statistic for the level of confidence (1.96), P = expected prevalence, and 

d = allowable error. Hence, for an expected prevalence between 10% and 90% (P = 0.1 to 

0.9), a d of ± 5% has been suggested as a reasonable choice [18]. Therefore, a sample size 
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of n = 144 was considered necessary to detect a 10% prevalence. However, we enabled 

participation for all interested persons that fulfilled the inclusion criteria. In total, 240 

adults (113 females and 127 males) aged ≥60 years participated, representing about 0.8% 

of the eligible sample. Participants were recruited through announcements (written and 

verbal) in the Kosovo Pensioners’ Association branches in Prishtina and Fushë Kosova 

(neighboring municipality within the same region), Prishtina Nursing Homes, and na-

tional TV broadcasting. This recruitment strategy intended to notify every eligible partic-

ipant for the possibility to take part in the study and thus avoid a potential healthy subject 

bias through the most approachable means: associations (of which aside from the formal 

offices also includes a restaurant, coffee shop, and two board game rooms), one of the 

most frequented places during the daytime; nursing homes, the places where some of the 

target community lives; and TV programs, which could explain the study and approach 

towards the interested participants within their homes. Inclusion criteria were set in ac-

cordance with the study’s specifications and measurement techniques and participants 

were assessed at the entrance by two healthcare experts; the assessment involved deter-

mining the sex, age, living region, and lack of any underlying condition or disease that 

could prohibit the participant from performing measurements (e.g., any cardiac implant-

able electronic devices). 

2.2. Data Collection and Anthropometric Measurements 

Data collection was organized at the Sports Medicine Laboratory at Universi College 

in Prishtina. All measurements were uniformly performed with respect to the testing or-

der by the same research team during the entire data collection period. Anthropometric 

measurements were performed in accordance with the International Standards for An-

thropometric Assessment in the morning after an overnight fast, starting with height, 

weight, and body composition [19]; subjects wore light indoor clothing and were barefoot. 

Heights were measured with a precision of 5 mm using the stretch stature method with a 

portable stadiometer (DT05L, Kinlee, Zhongshan Jinli Electronic Weighing Equipment 

Co. Ltd., Zhongshan, China). Body compositions were measured using segmental multi-

frequency bioelectrical impedance analyses (BIA), with operating frequencies of 1, 5, 50, 

250, 500 kHz and 1 mHz using a device that also allowed for the assessment of body mass 

(Inbody 720, Biospace Co., Seoul, Korea). Body composition variables included the whole 

body skeletal muscle mass (SMM) and fat mass. Appendicular skeletal muscle mass 

(ASMM) was assessed as the sum of the lean mass of both arms and legs. In order to pre-

dict the dual-energy X-ray absorptiometry (DXA) estimation of muscle mass when meas-

uring by the BIA method, a multivariate regression model was used, as previously evalu-

ated [20,21]. Body mass index (BMI), skeletal muscle index (SMI), and appendicular skel-

etal muscle index (ASMI) were determined as the body mass, SMM, or ASMM divided by 

height squared (all expressed as kg/m2) [22]. 

2.3. Physical Performance and Strength Measurements 

After the anthropometric assessments, a light standardized meal was provided 30 

min before starting the strength and physical performance measurements. The isometric 

handgrip strength was measured by using handgrip dynamometry (JAMAR, Patterson 

Medical, USA). Each participant was asked to perform two trials with 1 min of rest in 

between the trials. The adaptable dynamometer was squeezed for a maximal isometric 

contraction time of 4–5 s using the self-reported dominant hand. The better result of the 

two trials was considered for the analyses [23]. 

For assessing gait speed, participants were asked to walk in their usual gait speed on 

a path six meters long with an additional two meters for acceleration and deceleration (a 

total course length of 10 m). The time for the completion of the six meters was manually 

recorded by the tester using a stopwatch; the gait speed was expressed in m/s. The better 

result of the two trials was used [23]. 
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For the timed up and go test (TUG), subjects were required to stand up from a chair 

without armrests upon the starting signal, walk three meters on a linear course, turn 

around, and return to the starting position, where they had to sit down again. The time 

taken to complete this task was measured in seconds using a stopwatch [24]. 

Lower body strength endurance was tested by the 30-seconds (30-s) chair stand test 

as previously described using an armless chair with a height of 46 cm and placed against 

a wall. Participants were instructed to stand up and sit down as often as possible within 

30 s while having their arms crossed over their chest. Fully completed repetitions (includ-

ing the last attempt if completing more than 50% of the task before the time expired) were 

counted by the tester who stayed next to the participant, holding a stopwatch and signal-

ing the beginning and end of the time. Similarly, the 30-s arm curl test estimated the upper 

body strength endurance of the participants by counting the number of repetitions of el-

bow flexion with supination. The participants lifted a dumbbell (5 pounds for women and 

8 pounds for men) while sitting upright on a chair upon receiving the starting and ending 

signal by the tester, who followed a similar protocol as the previous test (standing next to 

the participant and counting the repetitions, including the last repetition if the participant 

completed more than 50% of the task before the time expired). The task was performed 

for the self-reported dominant side [25]. 

For determining aerobic endurance, the 6-min walking test (6MWT) was used. Sub-

jects were requested upon being signaled to walk as fast as possible for 6 min on a 30-

meter shuttle track while being alone on the track. Testers strictly followed the process, 

counted the time, and signaled the ending. If necessary, the speed could be reduced or the 

person was allowed to rest if the selected speed was too high to be sustained, and the 

covered distance was reported in meters as the test outcome [26]. In four cases (1.7%), the 

use of a cane was necessary to perform the tasks that involved walking (gait speed, TUG, 

and 6MWT). 

2.4. Assessment of Sarcopenia 

Sarcopenia was diagnosed according to the EWGSOP1 and EWGSOP2 algorithms 

using the SMI/ASMI, handgrip strength, and gait speed tests, as indicated in the recom-

mendations [2,3]. In order to compare the different modalities, we used either the sug-

gested cut-points or population- and sex-specific cut-points for the Kosovan population. 

The latter were derived as suggested by Baumgartner et al. [4] through the subtraction of 

two standard deviations from the respective mean of a given parameter; we derived the 

cut-points from a young Kosovan sample [27]. Sex-specific thresholds were set to 5.74 

kg/m2 (male) and 4.77 kg/m2 (female) for ASMI, 32.83 kg (male) and 19.64 kg (female) for 

handgrip strength, and 1.14 m/s (male) and 1.03 m/s (female) for gait speed. 

2.5. Secondary Endpoints 

The self-perceived health status and comorbidities were collected by two healthcare 

professionals. The nutritional status was assessed by the Mini Nutritional Assessment 

(MNA) questionnaire (long form), an 18 item tool comprising anthropometric measure-

ments (BMI, weight loss, mid-arm, and calf circumferences) dietary intake (feeding au-

tonomy, amount of food and fluids intake, number of meals consumed), general lifestyle 

assessment (living environment, medication consumption, mobility, pressure ulcers, pres-

ence of stress, depression, or dementia), and subjective self-assessment (self-perception of 

own health and nutritional level) [28]. Medication usage was assessed by the Brief Medi-

cation Questionnaire 1 [29]. The environment of living, education level, marital status, 

financial status and self-perceived poverty level, self-perceived health condition, comor-

bidities, smoking status, and alcohol consumption were collected and analyzed using the 

WHO STEPS instrument [30]. 

A physical performance score including the five performance tests (gait speed, TUG, 

30-s arm curl test, 30-seconds chair stand test and 6MWT) was created using the weighted-

sum method as has been previously described. Briefly, the test results of the individual 
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tests were scaled to Z-scores and subjected to a principal component analysis in order to 

obtain the loading value of each test. The performance scores for each subject were calcu-

lated by multiplying the Z-scores with their associated loading value before summation 

[31]. 

2.6. Statistical Analysis 

The means, standard deviations (continuous variables), and frequencies (categorical 

variables) were calculated to describe the general, anthropometric, and physical fitness 

variables. A chi-square test was used to compare the frequencies between groups. Differ-

ences between the continuous variables were defined by an independent t-test and one-

way ANOVA test, the latter followed by Tukey post hoc analyses, which also suggested 

homogenous subgroups. The homogeneity of variances were checked by a Levene test. 

Effect sizes were calculated to estimate the magnitude of the effect. Cohen’s d was used 

when comparing males and females, whereas ϖ2 was applied together with a one-factorial 

ANOVA test. A multinomial logistic regression was used to ascertain the impact of vari-

ous covariates on the sarcopenia status. “No sarcopenia” was set as the reference group, 

and financial condition and health condition were included as factors; age, BMI, body fat 

mass, SMM, PP, and MNA scores were included as covariates. As “no sarcopenia” is pre-

sent in more than 10% of the cases, the odds ratio (OR) derived from the logistic regression 

might overestimate the risk ratio (when it is more than 1) or underestimates the risk ratio 

(when it is less than 1). Therefore, the relative risk (RR) was estimated using the formula 

provided by Zhang and Yu [32]: RR = OR/[(1 − P0) + (P0 × OR), where P0 indicates the 

incidence of no sarcopenia. The statistical significance was set at p < 0.05, and all data were 

analyzed using the statistical package SPSS 26 for Windows (SPSS Inc., Chicago, IL, USA). 

3. Results 

3.1. Participants’ Characteristics 

Figure 1 shows the flowchart for study participants. From the total of 477,312 people 

aged 60 years and older within the region of Prishtina, 20,175 and 3202 subjects from the 

municipalities of Prishtina and Fushë Kosova, respectively, were eligible to participate. 

From those, 261 expressed their interest to participate, out of whom 240 persons fulfilled 

the inclusion criteria and took part in the study. Data from the first 61 of these participants 

were used to assess the reliability of the assessment parameters and calculate diagnostic 

cut-off points for sarcopenia [27]. 

 

Figure 1. Selection of study participants. 

The characteristics of the 240 subjects included in the study are summarized in Table 

1. Males were observed to be older (t238 = 5.187, p < 0.001, d = 0.672) and taller (t238 = 15.438, 
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p < 0.001, d = 2.001), with a higher SMM (t218.4 = 12.801, p < 0.001, d = 1.732) and SMI (t223.9 

= 6.816, p < 0.001, d = 0.911) but a lower ASMI (t238 = −3.055, p < 0.001, d = −0.396). Females 

had a higher BMI (t238 = 7.733, p < 0.001, d = 1.003), whole body fat mass (t238 = 8.688, p < 

0.001, d = 1.126), and fat percentage (t232.2 = 14.741, p < 0.001, d = 1.935). No differences were 

found for body mass between the sexes (t238 = −0.670, p = 0.504, d = −0.087). Additionally, 

the females presented a lower nutritional score (from the MNA long form, t238 = −3.911, p 

< 0.001, d = −0.507) and consequently a higher prevalence of malnourishment and risk for 

malnourishment (p < 0.001) in comparison to the males. The female participants also re-

ported a lower frequency of smoking (p = 0.001), lower level of education (p < 0.001), and 

worse financial condition (p = 0.022), but reported a higher medication intake compared 

with the males (p < 0.001). When observing the sex differences in physical performance, a 

significantly lower physical performance score was seen in females (t238 = −4.428, p < 0.001, 

d = −0.574), which was also the case for the individual performance tests (all p < 0.001, with 

Cohen’s d ranging from −1.794 to 0.391); the one exception was the 30-s arm curl test (t238 

= −1.650, p = 0.100, d = −0.214). 

Table 1. Anthropometric, physical performance, lifestyle, and socio-demographic characteristics. 

 Total (n = 240) Female (n = 113) Male (n = 127) p Value 

Sex (%) 100 47.1 52.9  

Age (years) 70.3 ± 5.8 68.4 ± 5.3 72.1 ± 5.7 <0.001 

Height (m) 1.64 ± 0.09 1.57 ± 0.06 1.70 ± 0.07 <0.001 

Body mass (kg) 79.9 ± 12.7 79.3 ± 11.7 80.4 ± 13.6 0.504 

BMI (kg/m2) 29.7 ± 4.7 32.0 ± 4.3 27.7 ± 4.2 <0.001 

Whole body fat mass (kg) 29.6 ± 11.1 35.3 ± 8.9 24.4 ± 10.3 <0.001 

Whole body fat percentage (%) 36.4 ± 10.6 44.1 ± 6.5 29.6 ± 8.6 <0.001 

Skeletal muscle mass (kg) 26.9 ± 5.4 23.3 ± 3.2 30.2 ± 5.0 <0.001 

SMI (kg/m2) 9.9 ± 1.2 9.4 ± 0.9 10.3 ± 1.3 <0.001 

Appendicular skeletal muscle mass (kg) 19.4 ± 2.9 18.2 ± 2.2 20.5 ± 3.1 <0.001 

ASMI (kg/m2) 7.2 ± 0.8 7.3 ± 0.7 7.0 ± 0.8 0.003 

Hand grip strength (kg) 30.1 ± 8.8 24.1 ± 5.1 35.4 ± 8.0 <0.001 

Gait speed (m/s) 1.08 ± 0.21 1.01 ± 0.19 1.14 ± 0.22 <0.001 

Timed up and go test (s) 7.12 ± 1.98 7.50 ± 2.20 6.78 ± 1.70 0.005 

30-s arm curl test (repetitions) 14 ± 3 14 ± 3 15 ± 3 0.100 

30-s chair stand test (repetitions) 11 ± 3 11 ± 3 12 ± 3 0.004 

6-min walking test (m) 420 ± 139 381 ± 127 455 ± 140 <0.001 

Physical performance Score (-) −1.26 ± 1.86 −1.78 ± 1.81 0.8 ± 1.79 <0.001 

Mini nutritional status (-) 25 ± 3 24 ± 3 25 ± 2 <0.001 

Malnourished (yes/risk/no, n (%)) 
4/64/172 

(1.7/26.6/71.7) 

4/41/68 

(3.5/36.3/60.2) 

0/23/104 

(0.0/18.1/81.9) 
<0.001 

BMI categories (underweight/normal weight/over-

weight/obese, n (%)) 

2/34/104/100 

(0.8/14.2/43.3/41.7) 

0/7/35/71 

(0.0/6.2/31.0/62.8) 

2/27/69/29 

(1.6/21.3/54.3/22.8) 
<0.001 

Smoking status (smoker/quit smoking/non-smoker, n (%)) 
53/24/163 

(22.1/10/67.9) 

20/4/89 

(17.7/3.5/78.8) 

33/20/74 

(26/15.7/58.3) 
0.001 

Self-perceived health condition (good/not good, n (%)) 103/137 (42.9/57.1) 50/63 (44.2/55.8) 53/74 (41.7/58.3) 0.694 

Self-declared chronic disease (yes/no, n (%)) 183/57 (76.2/23.8) 90/23 (79.6/20.4) 93/34 (73.2/26.8) 0.244 

Intake of medication (yes/no, n (%)) 186/54 (77.5/22.5) 95/18 (84.1/15.9) 91/36 (71.6/28.4) 0.021 

Number of medications (n (%)) 2.3 ± 1.9 2.8 ± 1.9 1.9 ± 1.7 <0.001 

Education (no formal/1–8 years/>8 years, n (%)) 
10/95/135 

(4.2/39.6/56.2) 

7/62/44 

(6.2/54.9/38.9) 

3/33/91 

(2.4/26/71.6) 
<0.001 

Marital status (single/partnership or married/widowed, n 

(%)) 

7/166/67 

(2.9/69.2/27.9) 

7/66/40 

(6.2/58.4/35.4) 

0/100/27 

(0/78.7/21.3) 
0.003 

Financial condition (enough to cover the month/not 

enough, n (%)) 
166/74 (69.2/30.8) 70/43 (61.9/38.1) 96/31 (75.6/24.4) 0.022 
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Data are expressed as the means ± standard deviation or as absolute numbers; Abbreviations: BMI, 

body mass index; SMI, skeletal muscle index; ASMI, appendicular skeletal muscle index; m, meters; 

kg, kilograms; s, seconds. An independent t-test was used to determine the differences between 

females and males in the continuous variables and a chi-square test was used in the categorical 

variables; p < 0.05 was considered to be statistically significant. 

3.2. Sarcopenia and Conceptual Stages in the Study Population 

The case finding process that followed the two recommended algorithms from the 

EWGSOP1 and EWGSOP2 is described in Figure 2. Pre-sarcopenia was detected in 2.1% 

(3.1% of males and 0.9% of females) of the participants when following the EWGSOP1-

suggested cut-points. Sarcopenia was observed in 0.8% (1.6% of males and 0.0% of fe-

males), and 2.5% (4.7% of males and 0.0% of females) were identified to have severe sar-

copenia. Using the EWGSOP2-suggested cut-points revealed probable sarcopenia in 5.4% 

(5.5% of males, 5.3% of females), sarcopenia in 2.9% (5.5% of males, 0.0% of females), and 

severe sarcopenia in 1.3% (2.4% of males, 0.0% of females) of participants, indicating 

slightly higher rates in all categories in comparison to the EWGSOP1. The Kosovo-specific 

cut-points (following the EWGSOP2 algorithm) revealed higher percentages of probable 

sarcopenia [22.9% (28.3% of males, 16.8% of females)], no cases with sarcopenia [0.0% 

(0.0% of males, 0.0% of females)], and severe sarcopenia [2.5% (4.7% of males, 0.0% of 

females)], compared with the EWGSOP2. Taken together, all algorithms confirmed the 

higher sarcopenic states among the males as compared with the females (EWGSOP1: Chi2 

= 9.054, p = 0.029; EWGSOP2: Chi2 = 9.333, p = 0.025; EWGSOP2 (Kosovo-specific): Chi2 = 

10.928, p = 0.004). 

 

Figure 2. Sarcopenia case finding according to the EWGSOP1, EWGSOP2 and population-specific 

cut-points. EWGSOP1: pre-sarcopenia, low SMI; sarcopenia, low SMI and low HG or PP; severe 

sarcopenia, low SMI, low HG, and low PP. EWGSOP2 and Kosovo-specific: probable sarcopenia, 

low HG; sarcopenia, low HG and low ASMI; severe sarcopenia, low HG, low ASMI, and low PP. 

ASMI, appendicular skeletal muscle index; BMI, body mass index; GS, gait speed; HG, handgrip 

strength; SMI, skeletal muscle index; PP physical performance. Specific cut-points are given in the 

Figure. For the BMI-adjusted HG (EWGSOP1), the following values were used: males (m): ≤29 kg 

for BMI ≤ 24 kg/m2, ≤30 kg for BMI 24.1–28 kg/m2, ≤32 kg for BMI > 28 kg/m2; females (f): ≤17 kg for 

BMI ≤ 23 kg/m2, ≤17.3 kg for BMI 23.1–26 kg/m2, ≤18 kg for BMI 26.1–29 kg/m2, ≤21 kg for BMI > 29 

kg/m2. 
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3.3. Impact of EWGSOP2-Derived Sarcopenia States on Health-Related and Socio-Economic 

Factors 

To generate comparable data to already published literature, the EWGSOP2 algo-

rithm and suggested cut-points were used for first analyses. Due to the low number of 

cases, females were excluded, whereas the comparisons were made between the four 

groups in males of not sarcopenic (n = 110), probable sarcopenic (n = 7), sarcopenic (n = 7), 

and severe sarcopenic (n = 3). The groups differ in age (F3,123 = 5.121, p = 0.002, ϖ2 = 0.089), 

height (F3,123 = 8.366, p < 0.001, ϖ2 = 0.164), SMM (F3,123 = 6.435, p < 0.001, ϖ2 = 0.134), ASMM 

(F3,123 = 6.823, p < 0.001, ϖ2 = 0.086), and ASMI (F3,123 = 5.521, p = 0.001, ϖ2 = 0.031). With 

respect to the physical performance tests, differences were found for the total performance 

score (F3,123 = 8.554, p < 0.001, ϖ2 = 0.115), handgrip strength (F3,123 = 43.721, p < 0.001, ϖ2 = 

0.513), relative handgrip strength (F3,123 = 27.795, p < 0.001, ϖ2 = 0.482), gait speed (F3,123 = 

5.926, p = 0.001, ϖ2 = 0.061), TUG (F3,123 = 8.870, p < 0.001, ϖ2 = 0.056), 30-s arm curl test (F3,123 

= 4.199, p = 0.007, ϖ2 = 0.063), 30-s chair stand test (F3,123 = 3.020, p = 0.032, ϖ2 = 0.041), and 

6MWT (F3,123 = 4.083, p = 0.008, ϖ2 = 0.059). 

Post hoc analyses revealed that the sarcopenic and severe sarcopenic individuals par-

ticularly differ from non-sarcopenic ones in most of the variables; the interpretation might 

be affected by low case numbers. However, handgrip strength (both in absolute and rela-

tive measurements) was already lower in males with any of the three sarcopenia concep-

tual stages compared with the participants without sarcopenia being directly related to 

the diagnostic algorithm. Most interestingly, the PP score was the only parameter that was 

able to discriminate between sarcopenia and severe sarcopenia (p < 0.05). The number of 

participants with their marital status described as single (without partner) was lower in 

the sarcopenic and severe sarcopenic groups (p = 0.002), whereas no other lifestyle or so-

cio-economic factor was associated with sarcopenic status (Table 2). 

Table 2. Differences between the non-sarcopenic, probable sarcopenic, sarcopenic, and severe sar-

copenic male subjects using the EWGSOP2 criteria. 

 
No Sarcopenia  

(n = 110) 

Probable Sarcopenia 

(n = 7) 

Sarcopenia  

(n = 7) 

Severe Sarcopenia 

(n = 3) 
p Value 

Age(years) 71.4 ± 5.2 a 74.5 ± 8.1 a,b 79.2 ± 6.7 b 73.9 ± 0.8 a,b 0.002 

Height (m) 1.71 ± 0.06 a 1.65 ± 0.07 b 1.61 ± 0.10 b 1.66 ± 0.08 a,b <0.001 

Body mass (kg) 81.2 ± 14.2  78.3 ± 5.3 74.5 ± 7.6 69.5 ± 3.3 0.280 

BMI (kg/m2) 27.6 ± 4.3 28.9 ± 1.7 28.8 ± 4.5 25.4 ± 2.7 0.579 

Whole body fat mass (kg) 24.7 ± 10.7 22.5 ± 4.7 23.5 ± 11.2 22.7 ± 4.0 0.933 

Whole body fat percentage (%) 29.4 ± 8.4 29.0 ± 6.7 31.7 ± 14.6 32.6 ± 4.1 0.830 

Skeletal muscle mass (kg) 30.9 ± 4.5 a 26.9 ± 6.0 a,b 24.5 ± 7.0 b 25.3 ± 0.7 a,b <0.001 

SMI (kg/m2) 10.5 ± 1.2 a 9.9 ± 1.7 a 9.3 ± 2.1 a 9.2 ± 0.9 a 0.037 

Appendicular skeletal muscle mass 

(kg) 
23.7 ± 3.5 a 23.2 ± 3.1 a 18.3 ± 3.4 b 19.6 ± 0.7 a,b <0.001 

ASMI (kg/m2) 8.0 ± 0.9 a 8.6 ± 0.9 a 7.0 ± 0.6 b 7.2 ± 0.5 a,b 0.001 

PP score (-) 1.06 ± 2.56 a −0.31 ± 2.08 a −0.86 ± 1.87 a −5.65 ± 0.66 b <0.001 

Handgrip strength (kg) 37.7 ± 5.8 a 22.6 ± 2.7 b 19.8 ± 4.3 b 19.8 ± 7.8 b <0.001 

Relative handgrip strength (kg/kg) 0.47 ± 0.08 a 0.29 ± 0.03 b 0.27 ± 0.06 b 0.28 ± 0.10 b <0.001 

Gait speed (m/s) 1.16 ± 0.22 a 1.08 ± 0.14 a 1.04 ± 0.14 a,b 0.68 ± 0.14 b 0.001 

Timed up and go test (s) 6.64 ± 1.52 a 6.63 ± 0.91 a 7.13 ± 2.37 a 11.30 ± 2.01 b <0.001 

30-s arm curl test (repetitions) 15 ± 3 a 13 ± 3 a,b 13 ± 3 a,b 10 ± 2 b 0.007 

30-s chair stand test (repetitions) 12 ± 3 a 12 ± 3 a 10 ± 2 a,b 8 ± 2 b 0.032 

6-min walking test (m) 470 ± 139 a 369 ± 82 a,b 384 ± 121 a,b 261 ± 92 b 0.008 

Mini nutritional status (-) 25 ± 2 25 ± 3 26 ± 2 22 ± 3 0.059 

Malnourished (yes/risk/no, n (%)) 
19/91 

(17.3/82.7) 

1/6 

(14.3/85.7) 

0/1/6 

(0/14.3/85.7) 

0/2/1 

(0/66.7/33.3) 
0.175 
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BMI categories (underweight/normal 

weight/overweight/obese, n (%)) 

2/24/60/24 

(1.8/21.8/54.5/21.8) 

0/0/5/2 

(0.0/0.0/71.4/28.6) 

0/2/2/3 

(0/28.6/28.6/42.9) 

0/1/2/0 

(0/33.3/66.7/0) 
0.781 

Smoking status (smoker/quit smok-

ing/non-smoker, n (%)) 

31/19/60 

(28.2/17.4/54.5) 

0/0/7 

(0.0/0.0/100.0) 

2/0/5 

(28.6/0/71.4) 

0/1/2 

(0/33.3/66.7) 
0.212 

Self-perceived health condition 

(good/not good, n (%)) 

48/62 

(43.6/56.4) 

3/4 

(42.9/57.1) 

2/5 

(28.6/71.4) 

0/3 

(0/100) 
0.421 

Self-declared chronic disease (yes/no, 

n (%)) 

80/30 

(72.7/27.3) 

4/3 

(57.1/42.9) 

6/1 

(85.7/14.3) 

3/0 

(100/0) 
0.459 

Intake of medication (yes/no, n (%)) 
19/91 

(17.3/82.7) 

3/4 

(42.9/57.1) 

1/6 

(14.3/85.7) 

2/1 

(66.7/33.3) 
0.069 

Number of medications (-) 1.9 ± 1.7 1.9 ± 1.8 1.9 ± 1.8 3.0 ± 1.7 0.741 

Education (no formal/1–8 years/>8 

years, n (%)) 

2/25/83 

(1.8/22.7/75.5) 

0/2/5 

(0.0/28.6/71.4) 

1/4/2 

(14.3/57.1/28.6) 

0/2/1 

(0/66.7/33.3) 
0.057 

Marital status (single/partnership or 

married/widowed, n (%)) 

0/88/22 

(0/80.0/20.0) 

0/6/1 

(0/85.7/14.3) 

0/5/2 

(0/71.4/28.6) 

0/1/2 

(0/33.3/66.7) 
0.002 

Financial condition (enough to cover 

the month/not enough, n (%)) 

85/25 

(77.3/22.7) 

4/3 

(57.1/42.9) 

6/1 

(85.7/14.3) 

1/2 

(33.3/66.7) 
0.191 

Data shown as the means ± standard deviations or the absolute and relative frequencies. Differences 

were analyzed by a one-factorial ANOVA test followed by Tukey HSD post hoc tests. Different 

superscript letters (“a” and “b”) indicate the statistically significant differences. Differences between 

the categorical data were analyzed by chi-square tests. p < 0.05 was considered to be statistically 

significant. Abbreviations: ASMI (appendicular skeletal muscle index), BMI (body mass index), PP 

(physical performance), and SMI (skeletal muscle index). 

3.4. Impact of Kosovan-Specific Cut-Points on Health-Related and Socio-Economic Factors 

When comparing the suggested EWGSOP2 cut-points to the Kosovo-derived ones 

(both using the EWGSOP2 algorithm), it was observed that 179 participants (74.6% of the 

total population) were classified as non-sarcopenic by both calculation methods, a further 

13 subjects (5.4% of total population) with probable sarcopenia, and 2 subjects (0.8% of the 

total population) with  sarcopenia or severe sarcopenia. Furthermore, 46 participants 

(19.2%) differed in the sarcopenia diagnosis (confirmed by Chi2 test: χ2 (4) = 84.822, p < 

0.001). The most striking difference when using the Kosovo-derived cut-points might be 

the higher number of cases of probable sarcopenia (36 males (28.3%), 19 females (16.8%)). 

In the next step, we assessed (again only in males) whether the diagnosis was associated 

with differences in general, anthropometric, physical performance, lifestyle, socio-eco-

nomic, and health parameters (Table 3). 

Sarcopenia was associated with a higher age (F2,124 = 8.682, p = 0.001, ϖ2 = 0.108) but 

lower height (F2,124 = 15.223, p < 0.001, ϖ2 = 0.183), body mass (F2,124 = 11.299, p < 0.001, ϖ2 = 

0.140), BMI (F2,124 = 11.693, p < 0.001, ϖ2 = 0.144), whole body fat mass (F2,124 = 3.960, p = 

0.022, ϖ2 = 0.045), whole body fat percentage (F2,124 = 3.293, p = 0.040, ϖ2 = 0.035), skeletal 

muscle mass (F2,124 = 21.463, p < 0.001, ϖ2 = 0.244), MNA (F2,124 = 8.917, p < 0.001, ϖ2 = 0.111), 

ASMM (F2,124 = 14.101, p < 0.001, ϖ2 = 0.171), and ASMI (F2,124 = 15.823, p < 0.001, ϖ2 = 0.189). 

Regarding the physical performance tests, sarcopenic subjects showed a lower total per-

formance score (F2,124 = 24.484, p < 0.001, ϖ2 = 0.270), handgrip strength (F2,124 = 114.468, p < 

0.001, ϖ2 = 0.641), gait speed (F2,124 = 17.672, p < 0.001, ϖ2 = 0.208), TUG (F2,124 = 10.420, p < 

0.001, ϖ2 = 0.129), 30-s arm curl test (F2,124 = 14.790, p < 0.001, ϖ2 = 0.178), 30-s chair stand 

test (F2,124 = 9.871, p < 0.001, ϖ2 = 0.123), and 6MWT (F2,124 = 8.917, p < 0.001, ϖ2 = 0.111). Post 

hoc analyses revealed that handgrip strength was already lower in the probable sarcope-

nic males, but in contrast to the use of the EWGSOP2 general cut-points, differences were 

detected between probable and sarcopenic/severe sarcopenic males. Only the skeletal 

muscle mass was markedly different between all three groups. 

Similar to the regular EWGSOP2 analyses, the educational level differed between 

groups (p = 0.035). In addition, participants from the sarcopenic/severe sarcopenic group 

showed a lower nutritional status (F2,124 = 8.917, p < 0.001, ϖ2 = 0.111) together with a higher 
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percentage of risk for malnourishment (p = 0.005) and lower percentages of overweight 

and obese cases (p < 0.001). Interestingly, the self-perceived health or medication intake 

and socio-economic variables did not differ between the groups (Table 3). 

Table 3. Differences between the non-sarcopenic, probable sarcopenic, and sarcopenic male subjects 

using the Kosovo-specific cut-points following the EWGSOP2 algorithm. 

 
No Sarcopenia 

(n = 85) 

Probable Sarcopenia 

(n = 36) 

Severe Sarcopenia 

(n = 6) 
p Value 

Age (years) 70.7 ± 4.5 a 75.0 ± 6.4 a 74.2 ± 10.0 a <0.001 

Height (m) 1.72 ± 5.51 a 1.66 ± 7.51 a,b 1.70 ± 4.15 b <0.001 

Body mass (kg) 83.0 ± 14.0 a 78.0 ± 9.3 a 58.7 ± 8.0 b <0.001 

BMI (kg/m2) 27.9 ± 4.1 a 28.5 ± 3.6 a 20.3 ± 2.1 b <0.001 

Whole body fat mass (kg) 25.2 ± 10.6 a 24.5 ± 9.1 a 13.2 ± 7.5 b 0.022 

Whole body fat percentage (%) 29.5 ± 7.8 a 31.1 ± 9.6 a 21.5 ± 10.7 b 0.040 

Skeletal muscle mass (kg) 31.7 ± 3.9 a 27.7 ± 5.2 b 22.3 ± 4.6 c <0.001 

SMI (kg/m2) 10.7 ± 1.0 a 10.0 ± 1.4 a 7.7 ± 1.4 b <0.001 

Appendicular skeletal muscle mass (kg) 21.2 ± 2.9 a 19.5 ± 2.6 a 15.6 ± 1.3 b <0.001 

ASMI (kg/m2) 8.2 ± 0.8 a 7.9 ± 0.9 a 6.3 ± 0.5 b <0.001 

PP score (-) 1.72 ± 2.29 a −1.15 ± 2.27 b −2.19 ± 2.78 b <0.001 

Handgrip strength (kg) 39.9 ± 4.5 a 26.7 ± 4.7 b 24.0 ± 8.7 b <0.001 

Relative handgrip strength (kg/kg) 0.49 ± 0.07 a 0.35 ± 0.07 a 0.43 ± 0.20 b <0.001 

Gait speed(m/s) 1.21 ± 0.20 a 1.00 ± 0.19 b 0.95 ± 0.13 b <0.001 

Timed up and go test (s) 6.37 ± 1.39 a 7.40 ± 1.90 a,b 8.77 ± 2.10 b <0.001 

30-s arm curl test (repetitions) 16 ± 3 a 12 ± 3 b 12 ± 3 b <0.001 

30-s chair stand test (repetitions) 12 ± 3 a 10 ± 2 a,b 10 ± 3 b <0.001 

6-min walking test (m) 489 ± 138 a 390 ± 113 a,b 355 ± 149 b <0.001 

Mini nutritional status (-) 26 ± 2 a 25 ± 2 a 22 ± 3 b <0.001 

Malnourished (yes/risk/no, n (%)) 
12/73 

(14.1/85.9) 

7/29 

(19.4/80.6) 

4/2 

(66.7/33.3) 
0.005 

BMI categories (underweight/normal/over-

weight/obese, n (%)) 

0/17/50/18 

(0.0/20.0/58.8/21.2) 

0/6/19/11 

(0.0/16.7/52.8/30.6) 

2/4/0/0 

(33.3/66.7/0.0/0.0) 
<0.001 

Smoking status (smoker/quit smoking/non-

smoker, n (%)) 

24/14/47 

(28.2/16.5/55.3) 

5/5/26 

(13.9/13.9/72.2) 

4/1/1 

(66.7/16.7/16.7) 
0.055 

Self-perceived health condition [good/not 

good, n (%)] 

38/47 

(44.7/55.3) 

11/25 

(30.6/69.4) 

4/2 

(66.7/33.3) 
0.158 

Self-declared chronic disease (yes/no, n (%)) 
62/23 

(72.9/27.1) 

27/9 

(75/25) 

4/2 

(66.7/33.3) 
0.908 

Intake of medication (yes/no, n (%)) 
63/22 

(74.1/25.9) 

24/12 

(66.7/33.3) 

4/2 

(66.7/33.3) 
0.681 

Number of medications (-) 1.9 ± 1.7 2.0 ± 1.7 1.0 ± 1.7 0.406 

Education (no formal/1–8 years/>8 years, n 

(%)) 

0/20/65 

(0.0/23.5/76.5) 

2/11/23 

(5.6/30.6/63.9) 

1/2/3 

(16.7/33.3/50.0) 
0.035 

Marital status (single/partnership or mar-

ried/widowed, n (%)) 

0/70/15 

(0/82.4/17.6) 

0/25/11 

(0/69.4/30.6) 

0/5/1 

(0/83.3/16.7) 
0.273 

Financial condition (enough to cover the 

month/not enough, n (%)) 

65/20 

(76.5/23.5) 

28/8 

(77.8/22.2) 

3/3 

(50.0/50.0) 
0.323 

Data shown as the means ± standard deviations or the absolute and relative frequencies. Differences 

were analyzed by a one-factorial ANOVA test followed by Tukey HSD post hoc tests. Different 

superscript letters (“a”, “b” and “c”) indicate the statistically significant differences between groups. 

Differences between the categorical data were analyzed by chi-square tests. p < 0.05 was considered 

to be statistically significant. Abbreviations: ASMI (appendicular skeletal muscle index), BMI (body 

mass index), PP (physical performance), and SMI (skeletal muscle index). 
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3.5. Determinants of Sarcopenic States in Male Kosovan Older Adults (Kosovo-Derived Cut-

Points) 

To model the relationship between the observed sarcopenia categories (no sarcope-

nia/probable sarcopenia/severe sarcopenia) and several potential predictors (age, BMI, 

body fat mass, SMM, PP score, MNA score, and self-perceived financial and health con-

ditions), a multinomial logistic regression was performed using only the data from the 

male participants. The addition of the predictors to a model that only contained the inter-

cept significantly improved the fit between the model and data [χ2 (16) = 51.550, 

Nagelkerke R2 = 0.538, p < 0.001]. Age [χ2 (2) = 8.604, p = 0.014], BMI [χ2 (2) = 9.557, p = 

0.008], body fat mass [χ2 (2) = 9.971, p = 0.007], and SMM [χ2 (2) = 16.043, p < 0.001] signifi-

cantly contributed to the model, whereas PP score [χ2 (2) = 4.905, p = 0.086], MNA score 

[χ2 (2) = 0.584, p = 0.747], financial condition [χ2 (2) = 5.431, p = 0.066], and health condition 

[χ2 (2) = 5.690, p = 0.058] did not. 

Table 4 presents the results of the unadjusted and adjusted multinomial logistic re-

gression. Being older and having a lower PP score was associated with a higher risk for 

being severely sarcopenic in both models (age, adjusted model: RR = 1.03, 95%, CI: 1.01–

1.04, p = 0.008; PP score, adjusted model: RR = 0.94, 95%, CI: 0.86–1.00, p = 0.039). A higher 

BMI (adjusted model: RR = 1.07, 95%, CI: 1.02–1.10, p = 0.009) but lower body fat mass 

(adjusted model: RR = 0.96, 95% CI: 0.93–0.99, p = 0.007) were associated with probable 

sarcopenia, but not with severe sarcopenia. A lower SMM predicted probable (adjusted 

model: RR = 0.96, 95% CI: 0.92–0.99, p = 0.023) as well as severe sarcopenia (adjusted 

model: RR = 0.94, 95% CI: 0.90–0.98, p = 0.003). A lower reported health condition was 

associated with severe sarcopenia (adjusted model: RR = 0.34, 95% CI: 0.03–0.99, p = 0.045). 

MNA and financial condition did not contribute to sarcopenia status. 

Table 4. Multinomial logistic regression predicting sarcopenia status. 

 

Unadjusted Model Adjusted Model 

Probable Sarcopenia Severe Sarcopenia Probable Sarcopenia Severe Sarcopenia Probable Sarcopenia Severe Sarcopenia 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) RR (95% CI) RR (95% CI) 

Age (years) 
1.099  

(0.971–1.244) 

1.172  

(1.058–1.299) ** 

1.034  

(0.890–1.200) 

1.227  

(1.054–1.427) ** 

1.004  

(0.984–1.023) 

1.025  

(1.007–1.042) ** 

BMI (kg/m2) 
1.067  

(0.908–1.254) 

1.012  

(0.868–1.179) 

1.928  

(1.182–3.147) ** 

1.351  

(0.896–2.039) 

1.069  

(1.021–1.100) ** 

1.036  

(0.985–1.073) 

Body fat 

mass (kg) 

0.978  

(0.900–1.062) 

0.986  

(0.922–1.054) 

0.784  

(0.658–0.935) ** 

0.864  

(0.725–1.029) 

0.965  

(0.935–0.991) ** 

0.979  

(0.952–1.004) 

SMM (kg) 
0.836  

(0.711–0.984) * 

0.775  

(0.667–0.900) *** 

0.770  

(0.615–0.965) * 

0.693  

(0.546–0.880) ** 

0.962  

(0.923–0.995) * 

0.944  

(0.900–0.982) ** 

PP score (-) 
0.814  

(0.606–1.094) 

0.611  

(0.461–0.811) *** 

0.959  

(0.621–1.481) 

0.659  

(0.443–0.980) * 

0.994  

(0.924–1.045) 

0.935  

(0.856–0.997) * 

MNA score  

(-) 

0.978  

(0.716–1.336) 

0.893  

(0.695–1.147) 

0.986  

(0.613–1.586) 

1.210  

(0.717–2.045) 

0.998  

(0.922–1.052) 

1.024  

(0.950–1.073) 

Financial  

condition a 
      

Not enough 

to cover the 

month 

0.392  

(0.082–1.870) 

0.686  

(0.165–2.851) 

0.106  

(0.010–1.125) 

0.156  

(0.012–1.949) 

0.469  

(0.070–1.015) 

0.580  

(0.086–1.070) 

Health  

condition b 
      

Not good 
0.969  

(0.207–4.535) 

0.323  

(0.066–1.591) 

0.692  

(0.087–5.486) 

0.063  

(0.004–0.941) * 

0.944  

(0.417–1.123) 

0.335  

(0.031–0.992) * 

No sarcopenia was chosen as the reference group for the outcome. a Reference category is “enough 

to cover the month”; b Reference category is “good”. In the unadjusted model, each variable was 

independently tested as a predictor of sarcopenia status. In the adjusted model, all the variables 

were tested in the same model, controlling the effect of each other. The RR was estimated from the 

OR using the conversion formula from Zhang and Yu [32]. * p < 0.05, ** p < 0.001, *** p < 0.001. OR, 

odds ratio; RR, relative risk; CI, confidence interval; BMI, body mass index; SMM, skeletal muscle 

mass; PP, physical performance, MNA, Mini Nutritional Assessment. 
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4. Discussion 

This study aimed to identify the impact of different diagnostic criteria (the initial 

EWGSOP1 and the revised EWGSOP2) and the recommended and population-specific 

cut-points on sarcopenia and its conceptual stages in adults aged 60 years and older from 

a developing European country. Furthermore, it intended to evaluate the impact of socio-

economic, health-related, and lifestyle factors on sarcopenia status. The main findings 

identify the state of sarcopenia within the sample of ageing Kosovans being low, notwith-

standing the used algorithms and diagnostic criteria (EWGSOP1, EWGSOP2, and the pop-

ulation-specific cut-points) and the used variable as a key characteristic (SMI vs. muscle 

strength). Furthermore, even with the lowering of the diagnostic thresholds in the revised 

EWGSOP2 guideline, no consequences were observed. While rather similar outcomes 

(0.8%, 2.9%, and 0.0%) were observed in the sarcopenic (EWGSOP1, EWGSOP2, and pop-

ulation-specific cut-points, respectively) and severe sarcopenic (2.5%, 1.3% and 2.5%, re-

spectively) cases, differences were observed in the pre-sarcopenic/probable sarcopenic 

(2.1%, 5.4% and 22.9%) cases. With respect to this conceptual stage, the EWGSOP2 algo-

rithm (applied in the EWGSOP2 and population-specific cut-points) was able to detect a 

generally higher percentage, particularly when using the population-specific cut-points. 

In all cases of pre-sarcopenia/probable sarcopenia (EWGSOP1, EWGSOP2 and population 

specific), females presented lower percentages (0.9%, 5.3% and 16.8%) in comparison to 

males (3.1%, 5.5% and 28.3%), and no algorithm could detect sarcopenic or severe sar-

copenic females. 

It is important to mention that aside from the availability of the various diagnostic 

cut-points for defining sarcopenia, there is a prevailing lack of general consensus on a 

robust definition that identifies sarcopenic individuals in different ethnic groups [12]. Fur-

thermore, it has been suggested that until this global consensus is reached, prevalence 

data should be reported and interpreted within its own context [33]. Upon the publication 

of the revised EWGSOP2 consensus criteria [3], potentially different outcomes when com-

paring previous criteria have been investigated [34–39]. Reis et al. [34] were among the 

first to analyze the consequences of applying the new EWGSOP2 guideline instead of the 

former EWGSOP1 for sarcopenia case finding in older geriatric inpatients and described 

a substantial mismatch with a significant lowering of the number of men diagnosed with 

sarcopenia. The discord in prevalence from the lower numbers of the EWGSOP2 have 

been further explored and reported by other studies [35–37,39–41]. Besides the several 

distinguished differences between the two versions (lowering the diagnostic thresholds 

for isometric handgrip strength and muscle mass, the introduction of new suggested 

measurement methods for muscle strength, etc.), the shift towards muscle strength from 

muscle mass (as the major component) probably presents the greatest reason behind the 

differences. 

Inconsistent results exist with respect to the association between sex and sarcopenia 

[42]; the lower number of (severe) sarcopenic females in this study could be attributed to 

several intermediate covariates, such as being younger and shorter, similar weight, and 

consequently a higher BMI. The very high percentage of overweight and obese cases ob-

served in the total participants (43.3% and 41.7%, respectively) together with the higher 

levels of average BMI, especially among females, could explain the potential impact on 

the general sarcopenia results. A recent study investigating the potential co-occurrence of 

several age-related issues including sarcopenia, physical frailty, undernutrition, and obe-

sity found a rather low coexistence between them all, suggesting for a need to assess them 

individually [43]. These concerning higher overweight and obesity levels could also be 

one of the determinants for the lower sarcopenic participants in the form that has been 

previously explained as the “obesity paradox” [44]. This became evident especially after 

having no cases of sarcopenic obesity. Regarding the prevalence of overweight and obese 

cases, the rates have been described to vary within European populations, from as low as 

53.9% (20.9% male and 16.5% female) and 55.0% (38.7% male and 16.3% female) in Swit-

zerland and Denmark, respectively, to up to 64.0% (40.9% male and 23.1% female) and 
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67.4% (46.5% male and 20.9% female) in Germany and Spain, respectively [45]. An inter-

esting study from four different countries (Canada, Brazil, Colombia, and Albania) has 

shown that Albanian men and women aged 65–74 years presented the highest prevalence 

of overweight and obesity (46.7% and 36.3%) in comparison to their peers [46]. Despite 

coming from a very specific age group (65–74 years old), Albanian seniors may present 

the closest similar and comparable population to ours (Kosovo Albanians form the major 

ethnic group in the country at 95%) [17]; this provides grounded support for our findings. 

The potential link between the lower number of sarcopenic females (within all conceptual 

stages) with higher percentages of overweight, obesity, and malnourishment (or being at 

risk for) might be explained by the significantly lower level of education and financial 

condition in females, as well as the higher medication intake and number of medications 

despite no higher level of chronic diseases compared with the males. 

In contrast to the females, despite being older, males performed physically better in 

all physical performance tests except for the 30-s arm curl, where sex-specific weights 

were applied. The fact that males perform better than their female peers within the same 

age group in most performance measures has already been described [47], but one must 

consider that the males were significantly older than the females in the current study. 

Besides the differences in sex, the high percentages of obesity in females may serve as a 

further triggering factor, especially due to its inverse association with physical ability [48]. 

Despite the sex-specific differences in the sarcopenia-related components, overweight and 

obese instances might also be related and explained through genetic predisposing factors 

[49], notably through the suggested potential influence that a certain single nucleotide 

polymorphism (ACTN3 R577X) might exert on knee extensors’ peak torque and BMI, par-

ticularly in females [50]. However, not only the gene × gene, but the gene × environment 

interactions must be further studied to better analyze the interaction. 

The strengths of this study lay in the fact that it followed the revised 2019 version of 

EWGSOP(2); higher age, lower height, SMM, SMI, and ASMM present reliable parameters 

that significantly change between the different conceptual stages of sarcopenia, lowering 

as one observes from the non-sarcopenic group to the probable sarcopenic and sarcope-

nic/severe sarcopenic groups. With respect to the ASMI, it should be noted that it is di-

rectly dependent on the subject’s height, which can become less reliable when having a 

significantly shorter, yet overweight or obese population. Furthermore, the EWGSOP2 are 

also accompanied by a lowering of physical performance parameters (gait speed, timed 

up and go, 30-s arm curl, 30-s chair stand, and 6-min walking test) and muscle strength 

measurements (handgrip strength), which are all significantly related to the occurrence of 

sarcopenia. Additionally, population-specific cut-off points were able to detect much 

higher rates of probable sarcopenia than the EWGSOP2-suggested cut-off points. How-

ever, this was made possible mainly due to the higher values for the population-specific 

cut-off points. While taking into consideration the suggestion that the cut-off points used 

for the muscle mass could affect the reported prevalence rates for sarcopenia [51], the re-

vised EWGSOP2 guidelines’ emphasis should be given with respect to muscle strength. 

A recent study [34] raised the point that the importance of the lower number of SMM 

measurements (in this case using DXA) required in EWGSOP2 guidelines undoubtedly 

presented an advantage in terms of both availability and cost. While observing the same 

situation with respect to the Inbody measurements in the community-dwelling older 

adults while following the EWGSOP2 guidelines, using the suggested key characteristic 

of strength over muscle mass as a better indicator of the adverse clinical outcomes of mor-

tality and low physical performance [3,52,53] should positively impact the case finding 

process, particularly in developing lower- and middle-income countries. Therefore, future 

updates and revisions of the diagnostic approaches (for different populations and popu-

lation settings) should seriously consider following the EWGSOP2 pathway or attempt to 

adjust towards using the same logic in order to enhance and offer more robust diagnostic 

approaches. 
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Despite performing this study to the best of our scientific knowledge, some limita-

tions emerged that were out of our reach. The first is in regards to the assessment method 

of muscle mass. Among the several methods available, the usage of BIA in this study in-

stead of DXA, which presents a widely available non-invasive instrument [3,54] and has 

also been suggested as a reference standard [54], might have overestimated the muscle 

mass [55]. One study has even suggested the possibility of standing multi-frequency BIA 

(the same as used in this study) overestimating the fat mass percentage in women with 

higher BMIs in comparison to both the supine BIA and DXA methods [56]. With respect 

to the different forms of BIA, good inter-unit precision and no differences between the 

standing and supine BIA were reported [56,57]. However, BIA as a technique was shown 

to have an acceptable accuracy [58,59], was recommended for use in research [3], pre-

sented a high degree of correlation with the DXA approach [20,60] and magnetic reso-

nance imaging (MRI) [61] in the muscle mass assessment. This, with smaller differences 

within European populations in comparisons to other methods, all while being affordable, 

widely available, and portable. Of note, MRI and computerized tomography (CT) tech-

niques, despite being considered the gold standard for a non-invasive assessment of mus-

cle mass, are not commonly used in practice mainly due to their high cost, lack of porta-

bility, need for specialized experts [62], and not yet well-defined cut-off points [3]. An-

other potential limitation of the study was the multivariate regression formula that we 

used for the DXA estimation of BIA muscle mass measurements, which was initially used 

for a different population (Koreans) [20]. Lastly, the number of participating subjects 

might present a limitation for this study, representing less than 1% of the eligible popula-

tion (within the region) and thus resulting in a margin of error of approximately 6.3% 

when considered to be a representative population. Nevertheless, besides the inverse re-

lationship of the margin of error with the sample size, the upper threshold for an accepta-

ble marginal error of an estimated sample size has been reported to be not more than 7% 

at the 97% confidence level [63]. In this context, we believe that the outcomes from this 

study may provide preliminary data and anticipate potential future directions to follow, 

according to the current state-of-the-art within the field of the age-related decline of mus-

cle mass and functioning in ageing adults from a developing European country. Further-

more, there is a need to conduct bigger epidemiological studies within these populations 

in order to further explore and clarify the situation. This must be preceded by recruiting 

a representative sample of young participants in order to develop and determine more 

accurate population-specific cut-off points. 

5. Conclusions 

The revised EWGSOP2 algorithm (applied in the EWGSOP2 and population-specific 

diagnostic criteria) was able to detect generally higher percentages of the pre-sarcope-

nia/probable sarcopenia conceptual stages, particularly when using the population-spe-

cific cut-points. Males presented higher rates and better performance, despite their older 

age. Higher rates of overweight and obesity could be contributing to the lower number of 

sarcopenic/severe sarcopenic females, which could also be providing a preventative role 

in the total population. However, sarcopenia presents a health condition and a growing 

health-related concern with the ageing of the world population, particularly when taking 

into consideration the serious health implications that it unveils. To date, prevention and 

early detection present the strongest instruments within our reach to tackle this issue. Ad-

ditionally, the introduction and promotion of sarcopenia together with its implications is 

mandatory for healthcare providers and others directly involved in dealing with older 

persons in developing countries. Additionally, population-specific diagnostic cut-off 

points should be developed for different populations to create a very accurate and versa-

tile instrument for screening and diagnostic purposes. Further studies are required to ex-

amine the impact of weight on sarcopenia in the study’s population. 

The higher levels of overweight and obesity that were found in the study participants 

(Kosovan older adults) should be taken as a serious concern of public health, keeping in 
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mind that the obesity epidemic in industrialized countries displays a very critical risk fac-

tor for chronic diseases and has a heavy impact on health, quality of life, and life expec-

tancy [64]. Considering these facts, the very high level of overweight and obesity in our 

study population could be one of the direct factors triggering the main cause of death in 

Kosovo (cardiovascular diseases) [65], consequently resulting in the lower expected life 

expectancy at birth in this country. 

Author Contributions: Conceptualization, A.B. (Arben Boshnjaku) and B.W.; data curation, A.B. 

(Arben Boshnjaku), E.K., and B.W.; formal analysis, A.B. (Abedin Bahtiri) and K.F.; funding acqui-

sition, B.W.; investigation, A.B. (Arben Boshnjaku), A.B. (Abedin Bahtiri), K.F., and E.K.; methodol-

ogy, A.B. (Arben Boshnjaku), H.T., and B.W.; project administration, B.W.; resources, A.B. (Arben 

Boshnjaku) and B.W.; supervision, B.W.; validation, A.B. (Abedin Bahtiri), K.F., E.K., and B.W.; vis-

ualization, B.W.; writing—original draft, A.B. (Arben Boshnjaku); writing—review and editing, A.B. 

(Arben Boshnjaku), A.B. (Abedin Bahtiri), K.F., E.K., H.T., and B.W. All authors have read and 

agreed to the published version of the manuscript. 

Funding: This research was funded by the Higher Education and Research in Applied Sciences (HE-

RAS) under Grant No. K-02-2017 and by the Universi College Prishtina (Kosovo) under Grant No. 

2802. A Ph.D. completion fellowship was provided to Arben Boshnjaku by the Vienna Doctoral 

School of Pharmaceutical, Nutritional, and Sport Sciences, University of Vienna (VDS PhaNuSpo). 

This article was supported by the Open Access Publishing Fund of the University of Vienna. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki and approved by the Ethical-Professional Committee of the University Clinical Cen-

tre of Kosovo (protocol code 1246/14.09.2016). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. Written informed consent has been obtained from the patient(s) to publish this paper. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author. 

Acknowledgments: Open Access Funding by the University of Vienna. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Beaudart, C.; Gillain, S.; Petermans, J.; Reginster, J.Y.; Bruyere, O. Sarcopenia: what’s new in 2014. Rev. Med. Liege 2014, 69, 251–

257. 

2. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider, 

S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia 

in Older People. Age Ageing 2010, 39, 412–423. https://doi.org/10.1093/ageing/afq034. 

3. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et 

al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. https://doi.org/10.1093/age-

ing/afz046. 

4. Baumgartner, R.N.; Koehler, K.M.; Gallagher, D.; Romero, L.; Heymsfield, S.B.; Ross, R.R.; Garry, P.J.; Lindeman, R.D. Epide-

miology of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 1998, 147, 755–763. https://doi.org/10.1093/ox-

fordjournals.aje.a009520. 

5. Petermann-Rocha, F.; Balntzi, V.; Gray, S.R.; Lara, J.; Ho, F.K.; Pell, J.P.; Celis-Morales, C. Global prevalence of sarcopenia and 

severe sarcopenia: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2022, 13, 86–99. 

https://doi.org/10.1002/jcsm.12783. 

6. Kenny, A.M.; Dawson, L.; Kleppinger, A.; Iannuzzi-Sucich, M.; Judge, J.O. Prevalence of sarcopenia and predictors of skeletal 

muscle mass in nonobese women who are long-term users of estrogen-replacement therapy. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 

2003, 58, M436–M440. https://doi.org/10.1093/gerona/58.5.m436. 

7. Geraci, A.; Calvani, R.; Ferri, E.; Marzetti, E.; Arosio, B.; Cesari, M. Sarcopenia and Menopause: The Role of Estradiol. Front. 

Endocrinol. 2021, 12, 682012. https://doi.org/10.3389/fendo.2021.682012. 

8. Gregor, M.F.; Hotamisligil, G.S. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 2011, 29, 415–445. 

https://doi.org/10.1146/annurev-immunol-031210-101322. 

9. Choi, K.M. Sarcopenia and sarcopenic obesity. Korean J. Intern. Med. 2016, 31, 1054–1060. https://doi.org/10.3904/kjim.2016.193. 

10. Dorosty, A.; Arero, G.; Chamar, M.; Tavakoli, S. Prevalence of Sarcopenia and Its Association with Socioeconomic Status among 

the Elderly in Tehran. Ethiop. J. Health Sci. 2016, 26, 389–396. https://doi.org/10.4314/ejhs.v26i4.11. 



J. Clin. Med. 2022, 11, 5579 16 of 18 
 

 

11. Jeng, C.; Zhao, L.J.; Wu, K.; Zhou, Y.; Chen, T.; Deng, H.W. Race and socioeconomic effect on sarcopenia and sarcopenic obesity 

in the Louisiana Osteoporosis Study (LOS). JCSM Clin. Rep. 2018, 3, 1–8. 

12. Zengin, A.; Jarjou, L.M.; Prentice, A.; Cooper, C.; Ebeling, P.R.; Ward, K.A. The prevalence of sarcopenia and relationships 

between muscle and bone in ageing West-African Gambian men and women. J. Cachexia Sarcopenia Muscle 2018, 9, 920–928. 

https://doi.org/10.1002/jcsm.12341. 

13. Dodds, R.M.; Granic, A.; Robinson, S.M.; Sayer, A.A. Sarcopenia, long-term conditions, and multimorbidity: Findings from UK 

Biobank participants. J. Cachexia Sarcopenia Muscle 2020, 11, 62–68. https://doi.org/10.1002/jcsm.12503. 

14. Smith, L.; Jacob, L.; Barnett, Y.; Butler, L.T.; Shin, J.I.; Lopez-Sanchez, G.F.; Soysal, P.; Veronese, N.; Haro, J.M.; Koyanagi, A. 

Association between Food Insecurity and Sarcopenia among Adults Aged >/=65 Years in Low- and Middle-Income Countries. 

Nutrients 2021, 13, 1879. https://doi.org/10.3390/nu13061879. 

15. Bank., G.W. World Bank in Kosovo. Available online: https://www.worldbank.org/en/country/kosovo/overview#3 (accessed on 

5 July 2022). 

16. Brown, J.C.; Harhay, M.O.; Harhay, M.N. Sarcopenia and mortality among a population-based sample of community-dwelling 

older adults. J. Cachexia Sarcopenia Muscle 2016, 7, 290–298. https://doi.org/10.1002/jcsm.12073. 

17. Statistics, K.A.O. Estimation of Kosovo Population in 2019. Available online: https://ask.rks-gov.net/en/kosovo-agency-of-sta-

tistics (accessed on 15 September 2022). 

18. Arya, R.; Antonisamy, B.; Kumar, S. Sample size estimation in prevalence studies. Indian J. Pediatr. 2012, 79, 1482–1488. 

https://doi.org/10.1007/s12098-012-0763-3. 

19. Eston, R.G.; Reilly, T. Kinanthropometry and Exercise Physiology Laboratory Manual: Tests, Procedures and Data, 3th ed.; Routledge: 

London, UK, 2009; Volume 1, p. 352. 

20. Lee, S.Y.; Ahn, S.; Kim, Y.J.; Ji, M.J.; Kim, K.M.; Choi, S.H.; Jang, H.C.; Lim, S. Comparison between Dual-Energy X-ray Absorp-

tiometry and Bioelectrical Impedance Analyses for Accuracy in Measuring Whole Body Muscle Mass and Appendicular Skeletal 

Muscle Mass. Nutrients 2018, 10, 738. https://doi.org/10.3390/nu10060738. 

21. Chang, J.S.; Kim, T.H.; Kim, H.; Choi, E.H.; Kim, N.; Kong, I.D. Qualitative muscle mass index as a predictor of skeletal muscle 

function deficit in Asian older adults. Geriatr. Gerontol. Int. 2017, 17, 99–107. https://doi.org/10.1111/ggi.12681. 

22. Janssen, I.; Baumgartner, R.N.; Ross, R.; Rosenberg, I.H.; Roubenoff, R. Skeletal muscle cutpoints associated with elevated phys-

ical disability risk in older men and women. Am. J. Epidemiol. 2004, 159, 413–421. https://doi.org/10.1093/aje/kwh058. 

23. Mijnarends, D.M.; Meijers, J.M.; Halfens, R.J.; ter Borg, S.; Luiking, Y.C.; Verlaan, S.; Schoberer, D.; Cruz Jentoft, A.J.; van Loon, 

L.J.; Schols, J.M. Validity and reliability of tools to measure muscle mass, strength, and physical performance in community-

dwelling older people: A systematic review. J. Am. Med. Dir. Assoc. 2013, 14, 170–178. https://doi.org/10.1016/j.jamda.2012.10.009. 

24. Podsiadlo, D.; Richardson, S. The timed “Up & Go”: A test of basic functional mobility for frail elderly persons. J. Am. Geriatr. 

Soc. 1991, 39, 142–148. https://doi.org/10.1111/j.1532-5415.1991.tb01616.x. 

25. Jones, C.J.; Rikli, R.E. Measuring Functional Fitness in Older Adults. J. Act. Ageing 2002, 1, 25–30. 

26. Steffen, T.M.; Hacker, T.A.; Mollinger, L. Age- and gender-related test performance in community-dwelling elderly people: Six-

Minute Walk Test, Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys. Ther. 2002, 82, 128–137. 

https://doi.org/10.1093/ptj/82.2.128. 

27. Boshnjaku, A.; Bahtiri, A.; Feka, K.; Krasniqi, E.; Tschan, H.; Wessner, B. Test-retest reliability data of functional performance, 

strength, peak torque and body composition assessments in two different age groups of Kosovan adults. Data Brief. 2021, 36, 

106988. https://doi.org/10.1016/j.dib.2021.106988. 

28. Vellas, B.; Guigoz, Y.; Garry, P.J.; Nourhashemi, F.; Bennahum, D.; Lauque, S.; Albarede, J.L. The Mini Nutritional Assessment 

(MNA) and its use in grading the nutritional state of elderly patients. Nutrition 1999, 15, 116–122. 

29. Svarstad, B.L.; Chewning, B.A.; Sleath, B.L.; Claesson, C. The Brief Medication Questionnaire: A tool for screening patient ad-

herence and barriers to adherence. Patient Educ. Couns. 1999, 37, 113–124. 

30. WHO-STEPS. STEPS Instrument (Core and Expanded). Available online: http://www.who.int/ncds/surveillance/steps/instru-

ment/STEPS_Instrument_V3.2.pdf?ua=1 (accessed on 23 May 2022). 

31. Tessier, A.J.; Wing, S.S.; Rahme, E.; Morais, J.A.; Chevalier, S. Physical function-derived cut-points for the diagnosis of sarcope-

nia and dynapenia from the Canadian longitudinal study on aging. J. Cachexia Sarcopenia Muscle 2019, 10, 985–999. 

https://doi.org/10.1002/jcsm.12462. 

32. Zhang, J.; Yu, K.F. What’s the relative risk? A method of correcting the odds ratio in cohort studies of common outcomes. JAMA 

1998, 280, 1690–1691. https://doi.org/10.1001/jama.280.19.1690. 

33. Sui, S.X.; Holloway-Kew, K.L.; Hyde, N.K.; Williams, L.J.; Tembo, M.C.; Leach, S.; Pasco, J.A. Prevalence of Sarcopenia Employ-

ing Population-Specific Cut-Points: Cross-Sectional Data from the Geelong Osteoporosis Study, Australia. J. Clin. Med. 2021, 10, 

343. https://doi.org/10.3390/jcm10020343. 

34. Reiss, J.; Iglseder, B.; Alzner, R.; Mayr-Pirker, B.; Pirich, C.; Kassmann, H.; Kreutzer, M.; Dovjak, P.; Reiter, R. Consequences of 

applying the new EWGSOP2 guideline instead of the former EWGSOP guideline for sarcopenia case finding in older patients. 

Age Ageing 2019, 48, 719–724. https://doi.org/10.1093/ageing/afz035. 

35. Shafiee, G.; Heshmat, R.; Ostovar, A.; Khatami, F.; Fahimfar, N.; Arzaghi, S.M.; Gharibzadeh, S.; Hanaei, S.; Nabipour, I.; Lari-

jani, B. Comparison of EWGSOP-1and EWGSOP-2 diagnostic criteria on prevalence of and risk factors for sarcopenia among 

Iranian older people: The Bushehr Elderly Health (BEH) program. J. Diabetes Metab. Disord. 2020, 19, 727–734. 

https://doi.org/10.1007/s40200-020-00553-w. 



J. Clin. Med. 2022, 11, 5579 17 of 18 
 

 

36. Yang, L.; Yao, X.; Shen, J.; Sun, G.; Sun, Q.; Tian, X.; Li, X.; Li, X.; Ye, L.; Zhang, Z.; et al. Comparison of revised EWGSOP criteria 

and four other diagnostic criteria of sarcopenia in Chinese community-dwelling elderly residents. Exp. Gerontol. 2020, 130, 

110798. https://doi.org/10.1016/j.exger.2019.110798. 

37. Van Ancum, J.M.; Alcazar, J.; Meskers, C.G.M.; Nielsen, B.R.; Suetta, C.; Maier, A.B. Impact of using the updated EWGSOP2 

definition in diagnosing sarcopenia: A clinical perspective. Arch. Gerontol. Geriatr. 2020, 90, 104125. 

https://doi.org/10.1016/j.archger.2020.104125. 

38. Arnal-Gomez, A.; Cebria, I.I.M.A.; Tomas, J.M.; Tortosa-Chulia, M.A.; Balasch-Bernat, M.; Sentandreu-Mano, T.; Forcano, S.; 

Cezon-Serrano, N. Using the Updated EWGSOP2 Definition in Diagnosing Sarcopenia in Spanish Older Adults: Clinical Ap-

proach. J. Clin. Med. 2021, 10, 1018. https://doi.org/10.3390/jcm10051018. 

39. Stuck, A.K.; Mader, N.C.; Bertschi, D.; Limacher, A.; Kressig, R.W. Performance of the EWGSOP2 Cut-Points of Low Grip 

Strength for Identifying Sarcopenia and Frailty Phenotype: A Cross-Sectional Study in Older Inpatients. Int. J. Environ. Res. 

Public Health 2021, 18, 3498. https://doi.org/10.3390/ijerph18073498. 

40. Fernandes, L.V.; Paiva, A.E.G.; Silva, A.C.B.; de Castro, I.C.; Santiago, A.F.; de Oliveira, E.P.; Porto, L.C.J. Prevalence of sarco-

penia according to EWGSOP1 and EWGSOP2 in older adults and their associations with unfavorable health outcomes: A sys-

tematic review. Aging Clin. Exp. Res. 2022, 34, 505–514. https://doi.org/10.1007/s40520-021-01951-7. 

41. de Freitas, M.M.; de Oliveira, V.L.P.; Grassi, T.; Valduga, K.; Miller, M.E.P.; Schuchmann, R.A.; Souza, K.L.A.; de Azevedo, M.J.; 

Viana, L.V.; de Paula, T.P. Difference in sarcopenia prevalence and associated factors according to 2010 and 2018 European 

consensus (EWGSOP) in elderly patients with type 2 diabetes mellitus. Exp. Gerontol. 2020, 132, 110835. 

https://doi.org/10.1016/j.exger.2020.110835. 

42. Shafiee, G.; Keshtkar, A.; Soltani, A.; Ahadi, Z.; Larijani, B.; Heshmat, R. Prevalence of sarcopenia in the world: A systematic 

review and meta- analysis of general population studies. J. Diabetes Metab. Disord. 2017, 16, 21. https://doi.org/10.1186/s40200-

017-0302-x. 

43. Sousa-Santos, A.R.; Afonso, C.; Borges, N.; Santos, A.; Padrao, P.; Moreira, P.; Amaral, T.F. Sarcopenia, physical frailty, under-

nutrition and obesity cooccurrence among Portuguese community-dwelling older adults: Results from Nutrition UP 65 cross-

sectional study. BMJ Open 2020, 10, e033661. https://doi.org/10.1136/bmjopen-2019-033661. 

44. Bosello, O.; Vanzo, A. Obesity paradox and aging. Eat. Weight Disord. 2021, 26, 27–35. https://doi.org/10.1007/s40519-019-00815-

4. 

45. Peralta, M.; Ramos, M.; Lipert, A.; Martins, J.; Marques, A. Prevalence and trends of overweight and obesity in older adults 

from 10 European countries from 2005 to 2013. Scand J. Public Health 2018, 46, 522–529. https://doi.org/10.1177/1403494818764810. 

46. Doulougou, B.; Gomez, F.; Alvarado, B.; Guerra, R.O.; Ylli, A.; Guralnik, J.; Zunzunegui, M.V. Factors associated with hyper-

tension prevalence, awareness, treatment and control among participants in the International Mobility in Aging Study (IMIAS). 

J. Hum. Hypertens. 2016, 30, 112–119. https://doi.org/10.1038/jhh.2015.30. 

47. Cooper, R.; Hardy, R.; Aihie Sayer, A.; Ben-Shlomo, Y.; Birnie, K.; Cooper, C.; Craig, L.; Deary, I.J.; Demakakos, P.; Gallacher, J.; 

et al. Age and gender differences in physical capability levels from mid-life onwards: The harmonisation and meta-analysis of 

data from eight UK cohort studies. PLoS ONE 2011, 6, e27899. https://doi.org/10.1371/journal.pone.0027899. 

48. Maffiuletti, N.A.; Jubeau, M.; Munzinger, U.; Bizzini, M.; Agosti, F.; De Col, A.; Lafortuna, C.L.; Sartorio, A. Differences in 

quadriceps muscle strength and fatigue between lean and obese subjects. Eur. J. Appl. Physiol. 2007, 101, 51–59. 

https://doi.org/10.1007/s00421-007-0471-2. 

49. Krasniqi, E.; Boshnjaku, A.; Wagner, K.H.; Wessner, B. Association between Polymorphisms in Vitamin D Pathway-Related 

Genes, Vitamin D Status, Muscle Mass and Function: A Systematic Review. Nutrients 2021, 13, 3109. 

https://doi.org/10.3390/nu13093109. 

50. Boshnjaku, A.; Krasniqi, E.; Tschan, H.; Wessner, B. ACTN3 Genotypes and Their Relationship with Muscle Mass and Function 

of Kosovan Adults. Int. J. Environ. Res. Public Health 2021, 18, 9135. https://doi.org/10.3390/ijerph18179135. 

51. Masanes, F.; Rojano, I.L.X.; Salva, A.; Serra-Rexach, J.A.; Artaza, I.; Formiga, F.; Cuesta, F.; Lopez Soto, A.; Ruiz, D.; Cruz-Jentoft, 

A.J. Cut-off Points for Muscle Mass—Not Grip Strength or Gait Speed—Determine Variations in Sarcopenia Prevalence. J. Nutr. 

Health Aging 2017, 21, 825–829. https://doi.org/10.1007/s12603-016-0844-5. 

52. Kim, Y.H.; Kim, K.I.; Paik, N.J.; Kim, K.W.; Jang, H.C.; Lim, J.Y. Muscle strength: A better index of low physical performance 

than muscle mass in older adults. Geriatr. Gerontol. Int. 2016, 16, 577–585. https://doi.org/10.1111/ggi.12514. 

53. Leong, D.P.; Teo, K.K.; Rangarajan, S.; Lopez-Jaramillo, P.; Avezum, A., Jr.; Orlandini, A.; Seron, P.; Ahmed, S.H.; Rosengren, 

A.; Kelishadi, R.; et al. Prognostic value of grip strength: Findings from the Prospective Urban Rural Epidemiology (PURE) 

study. Lancet 2015, 386, 266–273. https://doi.org/10.1016/S0140-6736(14)62000-6. 

54. Buckinx, F.; Landi, F.; Cesari, M.; Fielding, R.A.; Visser, M.; Engelke, K.; Maggi, S.; Dennison, E.; Al-Daghri, N.M.; Allepaerts, 

S.; et al. Pitfalls in the measurement of muscle mass: A need for a reference standard. J. Cachexia Sarcopenia Muscle 2018, 9, 269–

278. https://doi.org/10.1002/jcsm.12268. 

55. Kitamura, A.; Seino, S.; Abe, T.; Nofuji, Y.; Yokoyama, Y.; Amano, H.; Nishi, M.; Taniguchi, Y.; Narita, M.; Fujiwara, Y.; et al. 

Sarcopenia: Prevalence, associated factors, and the risk of mortality and disability in Japanese older adults. J. Cachexia Sarcopenia 

Muscle 2021, 12, 30–38. https://doi.org/10.1002/jcsm.12651. 

56. Hamilton-James, K.; Collet, T.H.; Pichard, C.; Genton, L.; Dupertuis, Y.M. Precision and accuracy of bioelectrical impedance 

analysis devices in supine versus standing position with or without retractable handle in Caucasian subjects. Clin. Nutr. ESPEN 

2021, 45, 267–274. https://doi.org/10.1016/j.clnesp.2021.08.010. 



J. Clin. Med. 2022, 11, 5579 18 of 18 
 

 

57. Bosy-Westphal, A.; Jensen, B.; Braun, W.; Pourhassan, M.; Gallagher, D.; Muller, M.J. Quantification of whole-body and seg-

mental skeletal muscle mass using phase-sensitive 8-electrode medical bioelectrical impedance devices. Eur. J. Clin. Nutr. 2017, 

71, 1061–1067. https://doi.org/10.1038/ejcn.2017.27. 

58. Kim, M.; Shinkai, S.; Murayama, H.; Mori, S. Comparison of segmental multifrequency bioelectrical impedance analysis with 

dual-energy X-ray absorptiometry for the assessment of body composition in a community-dwelling older population. Geriatr. 

Gerontol. Int. 2015, 15, 1013–1022. https://doi.org/10.1111/ggi.12384. 

59. Kim, M.; Kim, H. Accuracy of segmental multi-frequency bioelectrical impedance analysis for assessing whole-body and ap-

pendicular fat mass and lean soft tissue mass in frail women aged 75 years and older. Eur. J. Clin. Nutr. 2013, 67, 395–400. 

https://doi.org/10.1038/ejcn.2013.9. 

60. McLester, C.N.; Nickerson, B.S.; Kliszczewicz, B.M.; McLester, J.R. Reliability and Agreement of Various InBody Body Compo-

sition Analyzers as Compared to Dual-Energy X-Ray Absorptiometry in Healthy Men and Women. J. Clin. Densitom. 2020, 23, 

443–450. https://doi.org/10.1016/j.jocd.2018.10.008. 

61. Janssen, I.; Heymsfield, S.B.; Baumgartner, R.N.; Ross, R. Estimation of skeletal muscle mass by bioelectrical impedance analy-

sis. J. Appl. Physiol. (1985) 2000, 89, 465–471. https://doi.org/10.1152/jappl.2000.89.2.465. 

62. Beaudart, C.; McCloskey, E.; Bruyere, O.; Cesari, M.; Rolland, Y.; Rizzoli, R.; Araujo de Carvalho, I.; Amuthavalli Thiyagarajan, 

J.; Bautmans, I.; Bertiere, M.C.; et al. Sarcopenia in daily practice: Assessment and management. BMC Geriatr. 2016, 16, 170. 

https://doi.org/10.1186/s12877-016-0349-4. 

63. Hajian-Tilaki, K. Sample size estimation in diagnostic test studies of biomedical informatics. J. Biomed. Inform. 2014, 48, 193–204. 

https://doi.org/10.1016/j.jbi.2014.02.013. 

64. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation. Available online: 

https://apps.who.int/iris/handle/10665/42330 (accessed on 1 September 2022). 

65. Shkaqet e Vdekjeve në Kosovë. Available online: https://ask.rks-gov.net/media/5246/shkaqet-e-vdekjeve-n%C3%AB-ko-

sov%C3%AB-2016-2017.pdf (accessed on 15 September 2022). 


