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Background: The elderly population is increasing rapidly worldwide. Muscle mass, usual 
walking speed (UWS), knee extension strength (KES), hand grip strength (HGS), peak expira-
tory flow (PEF), and depression is used for sarcopenia diagnosis. All four of these factors (KES, 
HGS, PEF, and depression) correlated with UWS and also to muscle mass. But, many studies 
have suggested that no correlation exists between muscle mass and UWS.

Objects: This study aimed: 1) to investigate whether muscle mass reduction affected UWS, as 
mediated by KES, HGS, PEF and depression, and 2) to explored whether significant changes in 
these mediators varied by the body segment in which muscle mass evaluated in elderly female 
aged 65–80 years.

Methods: A total of 100 female aged 65–80 years were surveyed. Muscle mass was mea-
sured by body segment (upper and lower segment), and KES, HGS, PEF, depression, and UWS 
were also assessed. Median analyses were progressed in IBM SPSS software (ver. 23.0, IBM 
Co.) using a downloaded INDIRECT macro.

Results: The direct effect of the KES and PEF were significant, and the indirect effect of KES 
and PEF were not significant. Thus, KES and PEF served as full mediators of the effect of muscle 
mass on UWS. Regardless of bodily region, KES and PEF combined with muscle mass were 
significant mediators of UWS, with similar indirect effect sizes.

Conclusion: KES and PEF are the only mediators regardless of body part. Therefore, mediat-
ing the KES and PEF may prevent sarcopenia progression in elderly female. Also, sarcopenia 
can be readily assessed by evaluating either the upper or lower body; it is not necessary to 
measure total muscle mass.

INTRODUCTION

The elderly population is increasing rapidly worldwide. 

As the elderly population exceeded 14%, Korea became 

an aged society in 2017, and in 2022, the elderly popula-

tion is 17% (Available from: http://kosis.kr/eng/statistic-

sList/statisticsListIndex.do?menuId=M_01_01&vwcd=MT_

ETITLE&parmTabId=M_01_01). The elderly has various chronic 

diseases, which increases social and economic costs. There-

fore, government policies and national research are being 

developed to reduce these costs and maintain a healthy life for 

the elderly while managing chronic diseases.

Sarcopenia is defined as the progressive skeletal muscular 

disorder including decrease of muscle mass, strength and func-

tion with the aging process [1,2]. Sarcopenia is an important 

cause of frailty [3]. And elderly suffer from reduced quality of 

life and increase of morbidity and mortality because of the 

sarcopenia [4-6]. Therefore, the worldwide interested in sar-

copenia and assigned an individual International Statistical 

Classification of Diseases and Related Health Problems code 

(M62.84) in 2016 [7].

Asian Working Group for Sarcopenia (AWGS) suggested the 

algorithm about the sarcopenia identifying and diagnosing in 

2019 [7]. According to AWGS, Sarcopenia is defined as a state 

of low Bioelectrical Impedance Analysis (BIA) with low muscle 

strength or low physical performance. Severe sarcopenia is 

defined as a state of low BIA with low muscle strength and low 

physical performance [7]. According to the sarcopenia diag-
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nostic criteria, it cannot be diagnosed as sarcopenia if the 

muscle strength and physical performance is maintained even 

if the muscle mass is reduced. In other words, if the elderly do 

not want to be diagnosed with sarcopenia or not to be severe 

sarcopenia, the physical function or strength must be in-

creased or maintained.

Muscle mass, which is a basic condition for diagnosing sar-

copenia, is decreases at different rate for each gender and 

body part. As for the changes in muscle mass in the elderly, the 

thickness of the upper extremity muscle did not decrease, but 

the thickness of the lower extremity muscle decreased, indicat-

ing that the muscle mass decreased at a different rate for each 

region. Also, in the case of females, a remarkable decrease in 

leg muscle mass became evident at 40–50 years of age, but the 

decrease in arm muscle mass was much less [8].

The usual walking speed (UWS) test is used to anticipate 

functional decline in the elderly [9] and to identify those at in-

creased risk of mortality [10]. Therefore, the UWS is considered 

a very significant functional vital sign in the elderly [11-13] and 

is used to elderly’s physical function evaluation tool to screen-

ing sarcopenia. The UWS is a complex activity influenced 

by various factors such as psychological and physical factors 

[13]. Among the physical factors, the factors related to body 

strength include knee extension strength (KES) [14-16], hand 

grip strength (HGS) [17,18], and peak expiratory flow (PEF) 

[19,20]. Also, the psychological factor depression, sarcopenia 

case finding tool, is correlated with the UWS [21]. Although all 

four of these factors (KES, HGS, PEF, and depression) corre-

lated with UWS and also to muscle mass [22]. But, many studies 

have suggested that no correlation exists between muscle mass 

and UWS [23,24].

Therefore, we investigated whether muscle mass reduction, 

an basic symptom of sarcopenia, affected UWS, as mediated 

by KES, HGS, PEF, and depression. Also, we explored whether 

significant changes in these mediators varied by the body seg-

ment in which muscle mass evaluated; the timing of muscle 

mass loss differs between the upper and lower limbs [8].

We hypothesized that the effect of muscle mass on UWS may 

be mediated by KES, HGS, PEF, and depression, and that the 

mediators would differ by body segment.

MATERIALS AND METHODS

1. Subjects

Volunteers were recruited by advertisement. The inclu-

sion criteria were: 1) elderly female (aged 65–80 years); 2) not 

hospitalized (living independently at home); 3) the ability to 

answer questions; and 4) no history of hip fracture or surgery. 

The exclusion criteria were: 1) pulmonary disease (pneumonia, 

chronic obstructive pulmonary disease, asthma, or tubercu-

losis); 2) severe osteoporosis; 3) a history of heart surgery or 

pacemaker implantation; and 4) a history of stroke. The height, 

weight, age, smoking status, hypertension and diabetes status, 

and back pain severity were recorded. In total, 110 female aged 

65–80 years were recruited; 10 were subsequently excluded 

from the study (2 subjects had a history of stroke, 3 subjects 

couldn’t answer the questions, and 5 subjects had a severe os-

teoporosis). Their general characteristics are shown in Table 1. 

Prior to the experiment, all subjects were informed about the 

aims of the study and provided written informed consent. The 

study was approved by the Institutional Review Board at Yonsei 

University Wonju campus (IRB no. 1041849-201706-BM-058-

01).

2. Outcome Measures

1) Muscle mass

Muscle mass was measured using an Inbody 370 instrument 

(BioSpace) after the subject was weighed. We entered age, 

height, and sex information into the device and followed the 

manual. To measure muscle mass, both soles are placed on 

a total of four electrodes. Both arms are positioned so as to 

not touch the torso, and handles containing four electrodes 

are grasped with both palms. When all eight electrodes are in 

contact, muscle mass measurements are taken. Each partici-

Table 1.Table 1. Subject characteristics

Variable Participant (N = 100)

Age (y) 72.4 ± 4.9
Height (cm) 152.2 ± 5.6
Weight (kg) 58.4 ± 8.6
Body mass index (kg/m2) 25.2 ± 3.3
Hypertension 50
Diabetes 17
Smoking 2
Back pain 37
Knee pain 23
Depression 7

Values are presented as mean ± standard deviation or number only.
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pant maintains the measurement posture for 1 minute. Muscle 

mass is determined by impedance analyses at three frequen-

cies (5, 50, and 250 kHz). The eight electrodes in contact with 

the hands and soles reveal the levels of muscle and fat in each 

body segment (right and left arms, right and left legs, and the 

trunk) and the results are printed.

2) Knee extension strength

The KES was measured using a hand-held dynamometer 

(HHD) (MT-100, SAKAImed). Each participant was seated with 

the hips and knees at 90° of flexion and both arms crossed 

in front of the chest. One side of the HHD strap was fixed to 

the chair leg and the other to an ankle. The strap length was 

adjusted to ensure the knee was not extended during knee 

extension. Then, the subject was instructed to extend one leg 

with the maximum possible force [25]. Knee extensions were 

performed three times for 5 seconds each time. Measurements 

were made on either side and the peak force recorded. The 

average bilateral peak force was used in the analysis [26]. The 

HHD shows the tension (1–1,000 kgf) when both straps are tied 

and has an accuracy of 2%. Measurements are displayed at 0.1 

kgf intervals and in units of N or kgf.

3) Hand grip strength

We used a dynamometer to measure HGS. The measurement 

was made in a standing position, with the elbow fully extended 

and the shoulder at 30° of flexion and with the wrist and palm 

perpendicular to the arm. Participants were instructed to 

squeeze the handle as hard as possible. Both arms were tested. 

Subjects squeezed three times for 3 seconds each time and the 

maximal grip strength was used in the analysis, in addition to 

the mean bilateral maximal grip strength [27]. The HGS was 

measured using a dynamometer (JAMAR; Sammons Preston, 

Inc.), which is considered to be the most accurate device avail-

able [28]. The dynamometer indicates maximal grip strength 

when the handle is firmly held. The range of measurement is 

0–90 kg and the instrument presents results at 1-kg intervals.

4) Peak expiratory flow rate

Respiratory muscle strength was assessed by spirometrically 

measuring the PEF rate (Avad 9; Bionet Co., Ltd.) [29]. The 

spirometer measures forced vital capacity, forced expiratory 

volume in 1 second, and the PEF. A maximal expiratory veloc-

ity of 14 L/s can be measured. According to the manual, the 

volume measurement error is 5% and the flow measurement 

error is 10%. Subject age, height, weight, and race are entered 

into the instrument. To measure the PEF, the subject was in-

structed to exhale as quickly as possible through the mouth-

piece after maximal inspiration. Maximal inspiration and ex-

piration speed were measured three times [30]. The speed was 

expressed in L/s. The mean values of the three measurements 

were used in the analysis.

5) Depression

Depression status was screened using the widely used Ko-

rean version of Geriatric Depression Scale (GDS-KR). The scale 

contains 30 simple yes/no items. Scores < 13 reflect borderline, 

14–18 mild, 19–21 moderate, and > 22 severe depression [31]. 

The GDS-KR exhibits high internal consistency (Cronbach’s alpha 

coefficient 0.90) and the total item correlation is also signifi-

cant (Pearson correlation test, p < 0.01). The test-retest reli-

ability is 0.91 and the concurrent validity is good [32].

6) Usual walking speed

We used a 10-minute walk test to measure the UWS, as in 

previous studies. We marked a 10-minute line and measured 

the time taken to traverse the middle 6 m (moving start and 

moving end). We instructed all subjects to walk at their normal 

pace (i.e., not fast and not slow) [33]. Two measurements were 

taken and the average was obtained and analyzed.

3. Statistical Analysis

1) Mediation analysis

Mediation analysis was performed using IBM SPSS software 

(ver. 23.0, IBM Co.) running the INDIRECT macro (www.pro-

cessmacro.org) [25]. Bootstrapping was employed; this increas-

es the power of studies with small sample sizes. We resampled 

5,000 times and calculated bias-corrected (BC) 95% confidence 

intervals (CIs). When the BC 95% CI is not zero, the effect is 

significant.

INDIRECT macro can estimate the path coefficients in a 

multiple mediator model (an “a” path coefficient: independent 

variable on mediators; a “b” path coefficient: mediators on de-

pendent variable). We used a causal step approach to interpret 

the effects. When both a direct and an indirect effect (yielding 

an “a × b” path coefficient) were significant, we considered 

this to indicate partial mediation. When the direct effect was 

not significant but the indirect effect (the “a × b” path coeffi-
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cient) was significant, full mediation was in play. If either path 

“a” or path “b” was not significant, that path was excluded 

from the mediator. To prevent multicollinearity between vari-

ables, Pearson correlation analysis was performed prior to me-

diation analysis [34].

2) Statistical model building

We constructed a parallel multi-parametric model. The me-

diators were KES, PEF, HGS, and PEF, and the dependent vari-

able was UWS. The independent variable was muscle mass. As 

mentioned above, as the muscle mass is divided into upper and 

lower extremity muscle mass (ULMM), upper extremity muscle 

mass (UMM), and lower extremity muscle mass (LMM), and the 

muscle mass of each body part served as an independent vari-

able, we performed a total of three analyses.

Table 3.Table 3. Mediation of UWS by ULMM via KES, HGS, PEF, and depression

Variable a path b path Indirect effect (a × b)
BC 95% CI

Lower Upper

Indirect effect
   KES 0.9932 0.0114 0.0113 0.0033 0.0246*
   HGS 1.1427 0.0078 0.0089 –0.0043 0.0275
   PEF 0.1792 0.0490 0.0088 0.0020 0.0217*
   Depression –0.3640 –0.0066 0.0024 –0.0003 0.0102
   Total 0.0314 0.0153 0.0532
Comparison
   KES vs HGS 0.0025 –0.0199 0.0230
   KES vs PEF 0.0026 –0.0099 0.0155
   KES vs Depression 0.0090 –0.0010 0.0226
   HGS vs PEF 0.0001 –0.0183 0.0193
   HGS vs KES 0.0065 –0.0072 0.0242
   PEF vs Depression 0.0064 –0.0027 0.0201

BC, bias-corrected; CI, confidence interval; KES, knee extension strength; HGS, hand grip strength; PEF, peak expiratory flow. *Significant mediator.

Knee extension strength
0.0033 0.0246

Hand grip strength
0.0043 to 0.0275

Peak expiratory flow
0.0020 0.0217

Depression
0.0003 to 0.0217

Total effect
0.0153 0.0532

Muscle mass
(upper + lower)

Usual walking speed

a = 0.99321

a = 1.14272

a = 0.17923

a = 0.36404

b = 0.01141

b = 0.00782

b = 0.04903

b = 0.00664

Figure 1.Figure 1. Effect of upper and lower muscle 
mass on usual walking speed.

Table 2.Table 2. Results of Pearson correlation coefficients between independent variables

Variable KES HGS PEF Depression Mean ± SD

KES 1 21.09 ± 6.07
HGS 0.623** 1 22.88 ± 5.03
PEF 0.023* 0.319** 1 5.01 ± 1.32
Depression –0.023* –0.215* –0.311** 1 11.71 ± 5.29

KES, knee extension strength; HGS, hand grip strength; PEF, peak expiratory flow; Mean ± SD, mean ± standard deviation. *p < 0.05, **p < 0.01.
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RESULTS

1. Results of Pearson Correlations Between 

Independent Variables

To prevent multicollinearity, Pearson correlation coefficients 

were calculated to explore correlations between the mediators. 

The correlation coefficients were low. Therefore, KES, HGS, 

PEF, and depression are possible mediators that do not exhibit 

multicollinearity (Table 2).

2. Relationship Between ULMM and UWS

We investigated the effect of the sum of ULMM on the UWS 

(Figure 1). ULMM was the independent variable. The total ef-

fect of ULMM on UWS was 0.0308 (p = 0.005), and the direct 

effect was –0.0006 (p = 0.9555). The BC 95% CI showed that 

the total indirect effect of ULMM on UWS was significant 

(0.0095–0.0521) because the range did not include 0. Of the 

mediators, only KES (BC 95% CI: 0.0033–0.0246) and PEF (BC 

95% CI: 0.0020–0.0217) exerted indirect effects. The HGS and 

depression did not serve as a mediator. The indirect effect 

of KES was 0.113 and that of PEF indirect effect was 0.0088. 

These indirect effects did not differ significantly. Thus, KES 

and PEF served as full mediators when the ULMM effect on 

UWS was examined (Table 3).

3. Relationship Between UMM and UWS

The UMM served as the independent variable when we in-

vestigated the effect on the UWS of the four mediators (Figure 

2). The total effect of UMM on UWS was 0.0386 (p = 0.330) and 

the direct effect was –0.0470 (p = 0.1948). Neither the total nor 

direct effect of UMM on UWS was significant. Detailed analy-

sis indicated that both KES (BC 95% CI: 0.0026–0.0681) and 

Knee extension strength
0.0026 0.0681

Hand grip strength
0.0012 to 0.0908

Peak expiratory flow
0.0012 0.0567

Depression
0.0030 to 0.0321

Total effect
0.0319 0.1526

Muscle mass
(upper)

Usual walking speed

a = 2.18411

a = 3.41692

a = 0.40233

a = 0.90164

b = 0.01111

b = 0.01032

b = 0.05033

b = 0.00664

Figure 2.Figure 2. The effect of upper muscle mass 
on usual walking speed.

Table 4.Table 4. Mediation by UMM of UWS via KES, HGS, PEF, and depression

Variable a path b path Indirect effect (a × b)
BC 95% CI

Lower Upper

Indirect
   KES 2.1841 0.0111 0.0242 0.0026 0.0681*
   HGS 3.4169 0.0103 0.0352 –0.0012 0.0908
   PEF 0.4023 0.0503 0.0202 0.0012 0.0567*
   Depression –0.9016 –0.0066 0.0060 –0.0030 0.0321
   Total 0.0856 0.0319 0.1526
Contrast
   KES vs HGS –0.0111 –0.0743 0.0470
   KES vs PEF 0.0039 –0.0346 0.0442
   KES vs Depression 0.0182 –0.0100 0.0616
   HGS vs PEF 0.0150 –0.0356 0.0736
   HGS vs KES 0.0293 –0.0090 0.0815
   PEF vs Depression 0.0143 –0.0125 0.0523

BC, bias-corrected; CI, confidence interval; KES, knee extension strength; HGS, hand grip strength; PEF, peak expiratory flow. *Significant mediator.
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PEF (BC 95% CI: 0.0012–0.0567) were significant mediators, 

but HGS and depression were not. KES (a1 = 2.1841) was more 

related to the UMM than was the PEF (a3 = 0.4023). The effect 

of PEF (b3 = 0.0503) on UWS was greater than that of KES (b1 = 

0.0111); the indirect effects of KES and PEF were 0.0242 and 

0.0202, respectively. These values did not differ significantly. 

Thus, KES and PEF were full mediators of the UMM effect on 

UWS (Table 4).

4. Relationship Between LMM and UWS

The LMM served as the independent variable when we inves-

tigated the effect of the four mediators on the UWS (Figure 3). 

The total and direct effects of LMM on UWS were 0.0207 (p = 

0.0008) and 0.6578 (p = 0.6578), respectively. The total effect 

of LMM on UWS was significant but the direct effect was not. 

Detailed analysis indicated that both KES (BC 95% CI: 0.0052–

0.0340) and PEF (BC 95% CI: 0.0029–0.0291) were significant 

mediators, but HGS and depression were not. The KES (a1 = 

1.4303) was more associated with LMM than was the PEF (a3 

= 0.2569). The effect of PEF (b3 = 0.0473) on UWS was greater 

than that of KES (b1 = 0.0112). The indirect effect of KES was 

0.0160 and that of PEF 0.0122. These figures did not differ 

significantly. Thus, KES and PEF served as full mediators of the 

effect of LMM on UWS (Table 5).

DISCUSSION

We investigated the effect of various categories of muscle 

mass on UWS mediated via KES, HGS, PEF, and depression, 

all of which were associated with muscle mass and UWS in 

previous studies. We hypothesized that these physical and psy-

chological factors might be mediators. If so, factor adjustment 

Table 5.Table 5. The effect of LMM on UWS via KES, HGS, PEF, and depression

Variable a path b path Indirect effect (a × b)
BC 95% CI

Lower Upper

Indirect
   KES 1.4303 0.0112 0.0160 0.0052 0.0340*
   HGS 1.5208 0.0068 0.0104 –0.0078 0.0339
   PEF 0.2569 0.0473 0.0122 0.0029 0.0291*
   Depression –0.5103 0.0042 0.0034 –0.0006 0.0131
   Total 0.0419 0.0193 0.0705
Comparison
   KES vs HGS 0.0057 –0.0241 0.0337
   KES vs PEF 0.0038 –0.0241 0.0337
   KES vs Depression 0.0126 –0.0010 0.0313
   HGS vs PEF –0.0018 –0.0266 0.0241
   HGS vs KES 0.0070 –0.0116 0.0301
   PEF vs Depression 0.0088 –0.0037 0.0257

BC, bias-corrected; CI, confidence interval; KES, knee extension strength; HGS, hand grip strength; PEF, peak expiratory flow. *Significant mediator.

Figure 3.Figure 3. The effect of lower muscle mass 
on usual walking speed.

Knee extension strength
0.0052 0.0340

Hand grip strength
0.0078 to 0.0339

Peak expiratory flow
0.0029 0.0291

Depression
0.0006 to 0.0131

Total effect
0.0193 0.0705

Muscle mass
(lower)

Usual walking speed

a = 1.43031

a = 1.52082

a = 0.25693

a = 0.51034

b = 0.01121

b = 0.00682

b = 0.04733

b = 0.00664
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should slow sarcopenia progression.

We found that KES and PEF were the only significant media-

tors. The direct effect of muscle mass (ULMM, UMM, and LMM) 

on UWS was not significant. Thus, KES and PEF are significant 

indirect mediators only.

According to a previous study, a remarkable decrease in 

LMM occurs between 40–50 years of age in females, but the 

UMM does not decrease significantly 40–70 years of age. Thus, 

muscle mass decreases differently by body region. Females 

aged 60–80 years exhibit marked LMM loss although the UMM 

is almost unchanged [8]. Our work suggests that, regardless of 

bodily region, KES and PEF combined with muscle mass (ULMM, 

UMM, and LMM) were significant mediators of UWS, with simi-

lar indirect effect sizes. As we combined muscle mass with KES 

and PEF when evaluating sarcopenia, we did not need to assess 

the total body muscle mass. Measuring either the UMM or LMM 

may be an alternative to measuring the total muscle mass.

During low-intensity exercise, type I fibers are activated, 

but highly intensive exercise activates both type I and II fibers. 

The principal symptom of sarcopenia in the elderly is a reduc-

tion in type II fibers [35]. KES and PEF are highly intensive 

exercises. Therefore, higher KES and PEF values may indicate 

reduced loss of type II fibers caused by sarcopenia. We found 

that both KES and PEF were significant mediators of UWS. 

High-level muscle exercise may prevent future muscle strength 

loss, postponing physical performance limitations [14]. There-

fore, we suggest that KES and PEF are not only good measures 

of sarcopenia, but also that strengthening and maintaining the 

KES and PEF may slow sarcopenia progression.

HGS is the simplest measure of muscle strength and function 

[36]. HGS is generally used instead of total muscle strength [37] 

or walking speed [38]. HGS is used to screen for sarcopenia in 

the elderly. However, we found that HGS was not a significant 

mediator of the effect of muscle mass on UWS. Although HGS 

indicates overall muscle strength, HGS reflects only upper ex-

tremity function [30]. Furthermore, in females, the decrease in 

UMM is less than in males [8], and the rate of muscle strength 

reduction is also lower in females than males [39]. Thus, be-

cause of the unique characteristics of female aging, HGS was 

not a significant mediator of UWS.

The “a” path coefficient of depression was significant but 

the “b” path coefficient was not. Therefore, depression was not 

a significant mediator of UWS. In previous studies, depressive 

symptoms correlated with muscle mass [22], and the duration 

of symptoms predicted physical functioning [21]. However, the 

correlation between sarcopenia and depressive symptoms var-

ied by gender in another study; male but not female sarcopenia 

correlated with depressive symptoms [40]. All of our subjects 

were females, and we evaluated only the severity, and not the 

duration, of depression. Also, the mean depression score was 

11.71 ± 5.29, reflecting either normality or only mild depres-

sion. Therefore, depression was not a significant mediator.

Our study had certain limitations. First, it is difficult to gen-

eralize our data to elderly males and older elderly females as 

we studied only females aged 65–80 years. As aging progresses, 

the changes differ between males and females; further studies 

should investigate elderly males. Second, we cannot identify 

causal relationships because our study was cross-sectional in 

design. Finally, we measured only four factors (KES, HGS, PEF, 

and depression); other factors may also mediate the effects of 

muscle mass on UWS.

CONCLUSIONS

We sought indirect mediators of the effects of UMM and 

LMM on UWS. KES and PEF were the only mediators found, re-

gardless of body part. Thus, KES and PEF can be used to screen 

for sarcopenia, and maintaining KES and PEF may prevent 

sarcopenia progression in younger elderly females. Also, sarco-

penia can be readily assessed by evaluating either the upper or 

lower body; it is not necessary to measure total muscle mass.
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