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	 abstract�
	 Background:	 �The loss of muscle function and reduced mobility levels are the main reasons for the limitations 

of independence and disability in older people. The main aim of this study was to determine the 
relationship between the skeletal muscle index and mobility in older women.

	 Material and methods:	 �‪The study involved 166 older women. Skeletal muscle mass and other body components were 
determined by bioimpedance using an InBody 720 device. Functional mobility was evaluated with the 
timed up-and-go test. 30-second chair stand was also used to measure the level of functional strength 
in lower extremities.

	 Results:	 �‪The skeletal muscle index was positively correlated with functional mobility (r=-0.22; p=0.00) and 
30-second chair stand (r=-0.47; p=0.00). However, the strength of lower extremities was a significantly 
better parameter in predicting mobility in older women than the skeletal muscle index and skeletal 
muscle mass.

	 Conclusions:	 �The functional strength of lower extremity muscles and the skeletal muscle index can have a positive 
effect on functional mobility in older people. The results may be helpful in clinical practice when 
diagnosing mobility limitations and in the process of programming physical activity of older women 
aimed at the prevention of sarcopenia.

	 Key words:	 muscle mass, strength, gait, falls, sarcopenia, elderly.
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introduction�
Symptoms accompanying aging include loss of skeletal muscle mass (SM), strength and 
muscle function, known as sarcopenia [1, 2]. The actual decrease in SM is observed after 
the fifth decade of life. Jansen et al. report that it is 1.9 kg/decade in men and 1.1 kg/
decade in women [3]. According to other reports, in the age group of 20–80 years, there 
is a 30% to 50% decrease in SM, and about 20% decrease in the striated muscle cross-
section [4, 5]. 

Age-related deterioration of the muscle function is associated with functional impairment 
of the elderly, understood as the inability to perform basic activities of daily living. Mobility 
seems to play a major role among these abilities [6]. 

It has been demonstrated that reduced SM and muscle strength, among others, cause 
mobility limitations [7], increase the risk of falls [8, 9, 10] and are associated with high 
morbidity and mortality [11]. Other studies indicate that sarcopenia is associated with 
locomotive syndrome development [12, 13]. The incidence of locomotive syndrome in 
patients with sarcopenia is 4–6 times higher than in those without sarcopenia [14]. It is 
worth emphasizing that women are more susceptible to the aforementioned consequences 
of sarcopenia, including mobility limitations, due to their reduced muscle reserve resulting 
from differences in anabolic hormone production [15].

The diagnostics of sarcopenia is based on quantitative determination of muscle mass, 
based on the skeletal muscle index (SMI), and assessment of strength and physical fitness 
[16]. Studies suggest that SMI (based on the quotient of SM and body height) is a better 
parameter to predict sarcopenia than SM [1]. Assuming that people with sarcopenia are 
much more likely to experience mobility limitations, the question arises whether SMI can 
be a sufficient parameter to predict the l     evel of functional mobility in older women.        There  
are no studies on this subject in the literature.

Moreover, the analysis of the literature on the subject shows areas of knowledge not yet 
fully explained. There is a lack of consistency in the results concerning the relationship 
between the mobility measured by the timed up-and-go test (TUG) and the level of lower 
extremity strength. Some researchers demonstrated a significant correlation between TUG 
results and knee extension force [17], while others did not observe such a correlation [18]. 

Establishing the relationship between SM, SMI and strength with mobility levels can 
be crucial in diagnosing mobility constraints, which is of great clinical importance. 
The obtained results can also be helpful in the work of trainers and therapists when 
programming exercise loads aimed at prevention of mobility limitations and sarcopenia 
in elderly women.

The main aim of the study was to determine the relationship between SMI and mobility 
levels in elderly women. The additional objective was to investigate the relationship 
between the results of TUG and the functional strength of the lower extremities in the 
subjects. 

material and methods	
Ethic statement	
The study protocol was approved by the Institutional Review Board at the Regional 
Medical Chamber in Gdansk (decision no. KB-29/14).
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Participants	
The study involved 166 postmenopausal women (M=67.54 years, SD=5.3). Participant 
recruitment was conducted at the Universities of the Third Age (UTA) in Gdańsk and 
Sopot and by means of advertisements placed in medical clinics and notice boards in 
housing estates. The criterion for inclusion in the study was postmenopausal age (women 
who did not have menstruation for at least 12 months). Moreover, women who did not 
receive a doctor's consent to participate in the study project were excluded from the 
study.
The characteristics of women, including selected morphological components and physical 
fitness, are presented in the table below (Table 1).

Table 1 Characteristics of morphological components and physical fitness of the studied women

Variables M Me SD
Age [years] 67.54 66 5.3
BM [kg] 68.9 67.7 11.5
Height [cm] 159.65 160 6
BMI [kg/m2] 27.02 26.8 4.25
SM [kg] 23.28 23.4 2.68
SMI [kg/m2] 7.29 7.27 0.69
PK HS [kg] 23.11 22.91 3.3
PK HS/BM [kg] 0.34 0.34 0.07
GS [m/s] 1.7 1.65 0.25
TUG [s] 5.77 5.66 0.84
CST [rep/s] 17.53 17 3.74

Abbreviations: BM – body mass; BMI – body mass index; SM – skeletal muscle mass; SMI – skeletal muscle mass index; PK – maximum peak; HS 
– handgrip strength; GS – gait speed, TUG – timed-up-and-go; CST – 30-second chair stand; M – mean; Me – median; SD – standard deviation.

The analysis showed that the average results of SMI demonstrated absence of sarcopenia 
in the subjects. The average SMI values were slightly higher than the threshold values 
adopted as diagnostic criteria for sarcopenia in Poland, i.e. 7.12 kg/m2 [19]. The cut-off 
thresholds for the maximum force measured in the handgrip strength (HS) test and the 
gait speed (GS) determined in the GS test also confirmed absence of sarcopenia in wo-
men [20]. The mobility rate (PK HS/BM) provided information that the examined persons 
were not directly at risk of mobility limitations (the cut-off threshold is 0.281 kg) [21]. The 
average measurement result for functional strength of the lower extremities was 17.53 
repetitions and the mobility level measured in the TUG test was 5.77 s. BMI values also 
showed that women were overweight.

Measurements	
Body mass (BM) and skeletal muscle mass (SM) were analyzed using InBody 720 body 
composition analyzer (Biospace, Seoul, Korea). The SMI recommended by the European 
Working Group on Sarcopenia in Older People (EWGSOP) was used based on the equation: 
muscle mass/height2 (kg/m2) [16]. Body height (cm) was measured in an anthropometric 
position without shoes, with an accuracy of 1 mm. The body mass index (BMI) was defined 
with the equation: body weight/height2 (kg/m2). 

Functional mobility was determined using the timed-up-and-go test (TUG). The participants 
were instructed to get up from the chair, walk around a cone placed 3 m in front of the chair, 
moving as fast as possible, while taking care not to run, and return to the starting position 
(sitting on the chair) [22]. The time (s) needed to complete the task was recorded. The 
participants made three attempts, and the fastest attempt was used for analysis. The TUG 
test is one of the determinants of sarcopenia in hospitalized patients at the age of 70 [23].
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The 30-second chair stand (CST) from the Senior Fitness Test battery, determining the level 
of lower extremity functional strength was also used in the study [24]. CST measured the 
number (repetitions) of full stands that were completed in 30 seconds with the arms folded 
across the chest.

In order to characterize women in detail, the study was extended to include a muscle strength 
test – handgrip strength (HS) and gait speed (GS). Using these tests is recommended by 
the EWGSOP to diagnose sarcopenia.

The HS was performed with a digital hand dynamometer (SAEHAN, Changwon, Korea). 
During the test, the participants squeezed the dynamometer in their right hand in a standing 
position. The best result from 3 test runs was taken into account in the characteristics 
of the subjects, determining the peak value (max. peak (PK)) recorded in kilograms (kg). 
Moreover, the HS/BM muscle strength index (kg) was calculated, in case of which the 
relation to mobility limitations in older women was confirmed by Chinese researchers [21]. 
The strength of upper extremities measured by the HS test and the strength of knee joint 
extensors are important indicators of functional efficiency in older people [25].   

The GS test determines the best time needed to cover a distance of 6 meters (m/s). GS is 
considered to be an indicator of mobility reduction and mortality in the elderly population [26].

Statistical analysis	
The normal distribution of features was verified using the Shapiro-Wilk test. The test 
of the relationship between the selected variables was carried out using correlation 
analysis in which, according to the literature, the correlation coefficient is indicated by     
the letter “r” and the test probability by “p”. The significance of the differences between 
the correlation strength (r) was determined using differential tests for the dependent 
correlation coefficients based on      Fisher's transformation. Statistical analyses were          
performed using StatSoft, Inc. STATISTICA software, version 13.1.

results	
The results of the correlation between TUG, muscle mass and strength are presented in 
Table 2 and Figure 1.

Table 2. Correlation results between selected variables in postmenopausal women

Variables r p
SM [kg] vs. TUG [s] -0.22 0.00*
SM [kg] vs. CST [rep/s] 0.09 0.29
SMI [kg/m2] vs. TUG [s] -0.22 0.00*
SMI [kg/m2] vs. CST [rep/s] 0.16 0.04*
CST [rep/s] vs. TUG [s] -0.47 0.00*

Abbreviations: SM – skeletal muscle mass; SMI – skeletal muscle mass index; TUG – timed-up-and-go; CST – 30-second chair stand; *p<0.05

Analysis of the results showed a statistically significant negative correlation between SM 
vs. TUG, and SMI vs. TUG (r=-0.22; p=0.00). The results suggest that as SM and SMI 
increase, the level of mobility among older women in the community improves (TUG test 
time is reduced). 

There was also a significant positive relationship of SMI vs. CST (r=0.16; p=0.04), while 
the relationship of SM vs. CST was not statistically significant (r=0.09; p=0.29). This 
result may suggest that the SMI parameter was more effective in predicting the lower 
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extremity strength in subjects than SM. However, taking into account that the differences 
in the strength of correlation between the analyzed coefficients were small    (∆r=0.07), it   
was decided that assuming the foregoing hypothesis was not justified. This is confirmed 
by the significance test which showed no differences (p=0.52) between SM vs. CST and 
SMI vs. CST correlations.

However, the strongest relationship was observed in the case of CST vs. TUG (r=-0.47; 
p=0.00). This relationship suggests that the level of mobility among the examined women 
improves with the increase in functional strength of the lower extremities. Further 
statistical analysis using Fisher's transformation showed that differences in correlation 
strength between SMI vs. TUG, SM vs. TUG and CST vs. TUG were statistically significant 
(p=0.01). This result shows that functional strength of the lower extremities was a better 
parameter for predicting mobility in older women than SMI and SM.
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Fig. 1 Correlation results between selected variables in the studied women

Abbreviations: SM – skeletal muscle mass; SMI – skeletal muscle mass index; TUG – timed-up-and-go; CST - 30-second chair stand

discussion	
Sarcopenia may lead to mobility restrictions affecting 25–75% of people at the age of 
65 years and older [27]. Understanding the relationship between SMI and strength with 
mobility constraints is therefore very important from both the social and clinical point of 
view [28]. 

Studies have shown a significant relationship between SMI, SM and mobility measured 
in the TUG test. The hypothesis of the relationship between SMI, SM and the functional 
strength of the lower extremities measured in the CST test was rejected in further studies. 

No studies documenting the relationship between SMI and TUG test results were found in 
the literature, making it difficult to relate the obtained results. How      ever, some researchers    
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noted that the marching time in the TUG test may be a strong indicator of sarcopenia 
[23] and frailty syndrome [29]. Given that SMI is the main indicator for the diagnosis of 
sarcopenia and it has shown a significant relationship with mobility, this study partially 
confirms these observations. 

Over the course of longitudinal studies, other researchers have noted that age-related 
decline in muscle strength is not proportional to muscle mass loss [30, 31]. Delmonico 
et al. [32] confirmed that maintaining SM or increasing SM did not prevent the age-
related decrease in muscle strength. Having considered the foregoing reports, it can be 
assumed that measurements of skeletal muscle mass and strength should be performed 
independently in older people. The absence of a relationship between SM and functional 
strength of the lower extremities has also been confirmed in this study.

The study also showed a positive relationship between the functional strength of the lower 
extremities measured in the CST test and the TUG test results. 

In their study, Sillanpäää et al. [18] did not show a similar relationship between the 
isometric force of knee extensors and TUG test results in healthy individuals between 
69 and 81 years of age. However, Benavent-Caballer et al. [17] found significant links 
between mobility in the TUG test with the Berg balance scale and the strength of knee 
extensors (r=-0.561 and -0.397, respectively) in healthy elderly people living in Spain. 
Recent studies have also confirmed that low results in the TUG test were independently 
related to e.g. weakness of the lower extremities (p=0.00; r=-0.43) and reduced balance 
in older people suffering from diabetes [33]. The results presented in this study were 
comparable (p=0.00; r=-0.47), confirming a positive relationship between the functional 
strength of the lower extremities and the TUG results. It is worth noting, however, that 
the foregoing researchers used knee extensor strength tests, whereas our measurements 
involved CST functional leg strength test. However, studies by Hughes et al. [34] reported 
that elderly people use 97% of knee extensors when getting up from a low chair. Moreover, 
our earlier studies showed a statistically significant positive correlation (r=0.23; p=0.03) 
between the GS test gait speed and the CST test results [35]. Therefore, the presented 
results may indicate the potential usefulness of a simple to perform, functional 30-second 
chair stand to predict low mobility in older women.

The results also suggest that functional strength of the lower extremities was a significantly 
better parameter in predicting mobility in older women, compared to SMI and SM. 

Our observations partially confirm the results obtained by Visser et al. [36]. The authors 
showed that lower muscle mass (smaller cross-sectional muscle area), lower muscle 
strength and higher fat infiltration in skeletal muscle were associated with mobility 
limitations in elderly men and women. Over the course of further analyses, the authors 
concluded that the relationship between low muscle mass and incident mobility limitations 
seemed to be a function of lower muscle strength.

The results obtained in this study are important, because muscle function decreases 
are observed with age, particularly in women, thus resulting in impaired mobility and 
collapsing [37]. Thus, limited mobility significantly increases the likelihood of sarcopenia. 
Other researchers also point out that the ability to perform mobility-based activities of 
daily living, such as: walking up the stairs, walking around a room, getting up from a chair 
or bed, maintaining balance in a standing position, is a predictor of developing disability, 
dependence and mortality [38].
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limitations	
The performed study had some limitations. Firstly, no sarcopenia was found in the subjects, 
and they were characterized by relatively good physical performance. Secondly, the 
bioelectrical impedance analysis (BIA) method was used in the tests to measure SM. 
However, according to EWGSOP, bioimpedance tests can be an alternative to DXA tests 
to determine SM and SMI [39]. Moreover, the studies did not analyze other factors that 
could affect the function of the muscular system, such as inflammation and neurological 
disorders. In the future, it is also worth considering cognitive functions, as following the 
latest research, the level of these functions may be related to the occurrence of sarcopenia 
among women [40]. Nevertheless, the aforementioned limitations may have influenced 
the study results and thus increased the likelihood of their underestimation.

conclusions	
There was a significant relationship found between SMI, SM, functional strength of the 
lower extremities and mobility in older women. However, the strength of lower extremities 
was a better parameter in predicting mobility in older women than SMI and SM. The 
results may be helpful for doctors and therapists in the diagnosis of mobility limitations, 
as well as for trainers in the process of programming physical activity of older women, 
aimed at preventing sarcopenia.
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