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Abstract 20 

Aim: This study aimed to compare motor function between sarcopenia stages with respect to sex in community-21 

dwelling older adults.  22 

Methods: The participants, comprising 2,107 community-dwelling older adults (738 men and 1,369 women), 23 

were classified into four groups and the groups were operationally defined—normal, low muscle mass, low 24 

physical function, and sarcopenia groups. Lower limb muscle strength and balance ability were assessed for 25 

evaluating motor function. To compare motor function between sarcopenia stages, an analysis of covariance 26 

adjusted for age and body mass index was performed. 27 

Results: Lower limb muscle strengths were significantly lower not only in the sarcopenia group but also in the 28 

low muscle mass and low physical function groups than that in the normal group in both men and women. Low 29 

hip abductor muscle strength was observed in the low physical function group compared to the low muscle mass 30 

group in women, but not in men. Timed Up and Go test results in the sarcopenia and low function groups was 31 

lower than in the normal and low muscle mass groups for men and women. One-leg standing in the low physical 32 

function group was lower than that in the normal group, only for women.  33 

Conclusions: Reduced motor function was observed not only in older people with sarcopenia but also in older 34 

people with only low muscle mass or low physical function, and the decline in lower limb muscle strength and 35 

balance ability in the low function group were greater in older women than in older men.  36 
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 62 

Introduction 63 

Sarcopenia, which is defined as age-related skeletal muscle atrophy and low muscle strength and/or low physical 64 

performance, has been associated with the risk of falls, long-term care, and mortality in older adults[1]. Some 65 

large cohort epidemiological studies reported that the incidence of sarcopenia was approximately 7.3% to 12.0% 66 

in Asia[2, 3], based on a diagnostic algorithm for sarcopenia of the Asian Working Group for Sarcopenia (AWGS) 67 

in 2014. 68 

 In 2019, the AWGS published an updated consensus that revised the classification and diagnostic algorithm for 69 

sarcopenia (AWGS 2019)[3]. According to the updated AWGS 2019 criteria, the 5-time chair stand test and Short 70 

Physical Performance Battery (SPPB) were added as indicators of physical performance in addition to the usual 71 

gait speed. In addition, the cutoff values for low grip strength and slow gait speed were raised. Tabara et al.[4] 72 
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reported that the number of participants diagnosed with sarcopenia based on AWGS 2019 criteria increased by 73 

2.3% compared to that by AWGS 2014 criteria, and that sarcopenia and severe sarcopenia diagnosed according 74 

to the AWGS 2019 criteria were associated with carotid artery hypertrophy. This suggests the importance of 75 

earlier interventions for older adults who have been overlooked by traditional diagnostic criteria. 76 

  In addition to sarcopenia, primary health care and health promotion among community-dwelling older adults 77 

who are at greater risk for developing sarcopenia in the near future owing to low muscle mass or low physical 78 

function are important. Previous studies reported that older adults in the “pre-sarcopenia” stage, defined as older 79 

adults with low muscle mass but no weakness or poor physical function by the European Working Group on 80 

Sarcopenia (EWGSOP), have the same risk of decreased psychological function[5] and low bone mineral 81 

density[6] as those in the sarcopenia stage. In contrast, many older adults do not have muscle mass loss but have 82 

muscle weakness, since an age-related decline in muscle strength is greater than that in muscle mass. Tanimoto 83 

et al.[7] reported that the risk of falls in older adults was associated with the group with low muscle strength and 84 

physical performance, but not in the group with low muscle mass. In addition, mortality has been reported to be 85 

associated with the group with muscle weakness, but not with the group with low muscle mass[8]. Therefore, to 86 

promote healthy aging, it is important to gain a better understanding of the motor functional characteristics 87 

according to sarcopenia stage. 88 

  Motor function, especially lower limb muscle strength or balance ability, is the most important factor associated 89 

with independence in walking, or the risk of falls in older adults[9]. Generally, the measurement of knee extensor 90 

muscle strength is used as the lower limb muscle strength. However, the assessment and intervention of hip muscle 91 

strength is also important for older adults, since the hip abductor and flexor muscle strength are also strongly 92 

related to walking ability[10]. In addition, differences in lower limb muscle strength, and those in the association 93 

between lower limb muscle strength and walking ability are related to sex [11]. Therefore, it is predicted that the 94 

characteristics of motor function according to the sarcopenia stage may also differ between men and women. 95 

However, there are no studies comparing the characteristics of motor functions such as lower limb muscle strength 96 

and balance ability by sarcopenia stage and even by sex. Identifying these relationships will help designing 97 

individualized and sex-specific exercise programs for each sarcopenia stage. 98 

The purpose of this study was to compare motor function between sarcopenia stages with respect to sex, 99 

particularly in older adults who are at greater risk of developing sarcopenia in the near future owing to low muscle 100 

mass or low physical function. This study hypothesizes that the characteristics of loss of motor function differ 101 

according to sarcopenia stage and sex. 102 

 103 

Methods 104 

Study design and participants 105 

This study was conducted as a part of the “Nagahama Prospective Cohort for Comprehensive Human Science (the 106 

Nagahama Study),” and the dataset was obtained during the second investigation of the Nagahama Study. 107 

Participants in the Nagahama Study were recruited from community residents aged 30-80 years with no serious 108 
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health problems in Nagahama city, Shiga prefecture, between 2008 and 2010, through newspapers and magazine 109 

advertisements. A total of 9,850 individuals aged 35–81 years were enrolled in the second investigation of the 110 

Nagahama Study. We provided additional explanations regarding the optional physical assessment to 5,018 111 

participants aged 60 years or older. The inclusion criteria were older adults aged ≥ 60 years with the ability to 112 

walk at least 12 m without assistive devices. Among the 5,018 older adults aged ≥60 years who participated in 113 

the second investigation, 2,121 participants who voluntarily participated in an optional physical performance test 114 

conducted between 2012 and 2017 were included in the study. The exclusion criteria were as follows: 1) 115 

incomplete measurements owing to physical dysfunction such as severe musculoskeletal and acute neurological 116 

impairments and complaints of pain and fatigue; 2) communication problems owing to cognitive impairments that 117 

affected measurements; or 3) lack of any one of the physical function data. We excluded participants with 118 

incomplete measurements owing to severe musculoskeletal impairments (n= 4), complaints of pain and fatigue (n 119 

= 3), or lack of data (n = 7), resulting in a total of 2,107 participants being included in the final analysis (Fig. 1). 120 

The sample size was computed using G*power assuming a significance  level of α= 0.05, β(1-power) = 0.80, 121 

and a medium effect size (f=0.38) based on a previous study[12, 13]. The sample size needed to identify the main 122 

parameters was 20 participants in each group. 123 

 The study protocol was approved by the ethics committee of the Kyoto University Graduate School of Medicine 124 

and by the Nagahama Municipal Review Board. The content of the study was explained to the participants, and 125 

written informed consent was obtained from them. 126 

 127 

Fig.1 Participants in the second investigation 128 

 129 

Skeletal muscle mass measurement 130 

Skeletal muscle mass was measured using bioelectrical impedance analysis (BIA) using a multi-frequency 131 

electrical impedance meter (Body 430, Biospace Japan, Tokyo, Japan). Previous studies have shown that the 132 

measurements of BIA are accurate in evaluating skeletal muscle mass, similar to dual X-ray absorptiometry 133 

(DXA), magnetic resonance imaging (MRI), and computed tomography (CT), which is the gold standard method 134 

[1, 2, 14]. The skeletal muscle index (SMI) was calculated as an index of extremity skeletal muscle mass by 135 

dividing the value of extremity skeletal muscle mass measured by BIA by the square of body height. Low skeletal 136 

muscle mass was defined as SMI less than 7.0 kg/m2 in men and 5.7kg/m2 in women, based on the diagnostic 137 

criteria of AWGS 2019. 138 

 139 

Grip strength and physical performance measurement 140 

For the diagnosing sarcopenia, grip strength, usual gait speed, 5-time chair stand test, and SPPB were measured.  141 

Grip strength was measured twice on both sides using a grip dynamometer, and the average values were calculated 142 

for each of the left or right side. The larger average value of the left or right sides was used in the analysis.  143 

The usual gait speed was measured using a wireless phototube (Brower Timing Systems, Co., Ltd., UT, USA). 144 
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The phototube was set at 4 m and 10 m from the starting point. Participants were instructed to walk as normally 145 

as possible through a 12 m distance gait path, with the first 4 m being used for acceleration and the last 2 m for 146 

deceleration. The usual gait speed was calculated by dividing 6 m by the time taken to pass between the phototubes. 147 

The 5-time chair stand test was performed using a stopwatch by the same examiner for all subjects. Participants 148 

were instructed to stand up and sit down as fast as possible in five repetitions from a chair with 40-cm height with 149 

their arms crossed, and the time taken to stand up and sit down was measured. The SPPB score was calculated 150 

based on the standing balance test (quiet standing with feet closed, semi-tandem, and tandem standing), 6 m gait 151 

speed, and 5-time chair stand test. 152 

 153 

Lower limb muscle strength measurement 154 

The lower limb muscle strength of the right side was measured from the maximum voluntary isometric contraction 155 

using a dynamometer (Musculater, OG Giken Co., Okayama, Japan) or a hand-held dynamometer (HHD; hand-156 

held dynamometry Mobie, Sakai Iryou Co., Ltd., Tokyo, Japan). In lower limb muscle strength measurements, 157 

the subjects were instructed to exert force as hard as possible with their maximum voluntary isometric contraction 158 

for 3 seconds after the participants were familiarized with maximal isometric contraction by pre-measurement 159 

trials. A resting period of approximately 30 seconds was provided between the two measurements of strength 160 

taking fatigue into consideration. Lower-limb muscle strength was measured by a well-trained physical therapist. 161 

The obtained value multiplied by the moment arm was calculated as the torque (Nm). Muscle strength was 162 

measured twice, and the larger value was used for analysis. 163 

1) Knee extensor muscle strength 164 

Knee extensor muscle strength was measured in the sitting position on a chair with 90-degree flexion of the 165 

knee joints. The sensor of the dynamometer was applied to the lower leg, 25 cm distal to the knee joint 166 

space. 167 

2) Hip flexor muscle strength 168 

The hip flexor muscle strength was measured in the sitting position on a chair with 90-degree flexion of the 169 

hip and knee joints. The HHD sensor was applied to the distal thigh. 170 

3) Hip abductor muscle strength 171 

The hip abductor muscle strength was measured at hip abduction angle of 0° with the hip and knee fully 172 

extended in the supine position. The sensor of the dynamometer was applied to the lower leg, 5 cm proximal 173 

to the lateral malleolus. 174 

 175 

Balance ability measurement 176 

One-leg standing time and timed up and go (TUG) tests were used to measure balance ability. One-leg standing 177 

time was determined by measuring the time of standing on the dominant foot with the eyes open. The measurement 178 

was performed twice with an upper limit of 60 s, and the longer time was used for statistical analysis. One-leg 179 

standing time was measured by the same examiner. 180 
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TUG was measured for the time required where the participants were instructed to stand up from a chair, walk 3 181 

m to a pole, turn around the pole, return to the chair, and then sit down as quickly as possible. 182 

 183 

Classification of sarcopenia stage 184 

Sarcopenia stage was classified according to the AWGS 2019 criteria. Low muscle mass was evaluated using 185 

SMI, which is considered a reliable method of estimating muscle mass[15] and is defined as being SMI <7.0 186 

kg/m2 in men, and SMI <5.7 kg/m2 in women. Weak muscle strength is defined as handgrip strength ≤28.0 kg for 187 

men and ≤18.0 kg for women. Poor physical performance is defined as a usual gait speed ≤1.0 m/s, SPPB ≤9, or 188 

5-time chair stand test ≥12 s. Sarcopenia was diagnosed in participants with weak handgrip strength or poor 189 

physical performance, in addition to a low SMI. Furthermore, individuals with only low SMI were classified in 190 

“the low muscle mass group,” and those without low SMI but with only poor grip strength or poor physical 191 

performance were classified in “the low physical function group.” The participants were classified into four 192 

groups: normal, low muscle mass, low physical function, and sarcopenia groups.  193 

 194 

Statistical analyses 195 

Values are presented as mean ± standard deviation. To compare the knee extensor muscle strength, hip abductor 196 

muscle strength, hip flexor muscle strength, one-leg standing time, and TUG between sarcopenia stage groups, 197 

we performed an analysis of covariance adjusted for age and body mass index. When a main effect was detected, 198 

between-group comparisons were performed using Bonferroni’s multiple comparisons.  199 

All statistical analyses were performed using SPSS Statistics for Windows, version 22.0 (Armonk, NY: IBM 200 

Corp.). P-values <0.05 were considered statistically significant. 201 

 202 

Results 203 

The results of participant classification into the sarcopenia stage according to the AWGS 2019 algorithm are 204 

shown in Table 1. The normal group comprised 68.0% (men, 67.6%; women, 68.2%), the low muscle mass 205 

group comprised 15.0% (men 13.3%, women 15.9%), the low physical function group comprised 10.8% (men 206 

13.1%, women 9.5%), and the sarcopenia group comprised 6.2% (men 6.0%, women 6.4%). There were no sex-207 

related differences in the proportions of each group. Participants in the low muscle mass, low physical function, 208 

and sarcopenia groups were older than those in the normal group in both men and women (Tables 2 and 3). 209 

Multiple comparisons showed that SMI in the sarcopenia and low muscle mass groups was lower than that in the 210 

normal and low physical function groups both in both men and women. Grip strength, SPPB, and 5-time chair 211 

stand were lower in the sarcopenia and low physical function groups than in the normal and low muscle mass 212 

groups in both men and women. Usual gait speed was lower in the sarcopenia and low physical function groups 213 

than in the normal group in both men and women. For usual gait speed, SPPB, and 5-time chair stand, there was 214 

no significant difference between the normal and the low muscle mass groups both in men and women (Tables 2 215 

and 3). 216 
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The analysis of covariance using age and BMI as covariates showed that the main effect was observed in all lower 217 

limb muscle strength in both men and women. Multiple comparisons showed that all lower limb muscle strengths 218 

were significantly lower not only in the sarcopenia group but also in the low muscle mass and low physical 219 

function groups than that in the normal group. Knee extensor muscle strength and hip abductor muscle strength 220 

were significantly greater in the low muscle mass group than in the sarcopenia group. Regarding sex differences, 221 

lower hip flexor muscle strength was noted in the sarcopenia group than in the low muscle mass and low physical 222 

function groups for women, but not for men. In addition, weaker hip abductor muscle strength was observed in 223 

the low physical function group than in the low muscle mass group in women, but not in men (Fig. 2). 224 

As for balance ability, the analysis of covariance showed main effects in all balance ability assessments in both 225 

men and women. Multiple comparisons showed that the measurements of all balance ability assessments were 226 

significantly worse in the sarcopenia group than in the normal group. The TUG was significantly slower in the 227 

sarcopenia and the low physical function groups than in the low muscle mass and the normal groups in both men 228 

and women. A poorer one-leg standing time was observed in the low physical function group than in the normal 229 

group in women, but not in men (Fig. 2). 230 

 231 

Fig.2 Comparisons of hip abductor muscle strength and one-leg standing time between sarcopenia stage groups 232 

in men and women 233 

† significant difference compared with Normal, ‡ significant difference compared with Low muscle mass, § 234 

significant difference compared with Low physical function, †‡§ p<0.05 235 

 236 

Discussion 237 

This study is the first to clarify sex-related differences in motor function among sarcopenia stages, especially the 238 

differences between the low muscle mass group and the low physical function group. 239 

 240 

 Differences in the motor function between sarcopenia stages 241 

 Similar to our hypothesis, the characteristics of motor function differed between the low muscle mass and low 242 

physical function groups, and between the normal and sarcopenia groups. First, all of the measurements of the 243 

lower limb muscle strength and balance ability in the sarcopenia group were lower than in the normal group in 244 

both men and women. Muscle strength was weaker not only in the sarcopenia group but also in both the low 245 

muscle mass and low physical function groups. In balance ability, TUG in the low physical function group was 246 

poorer than in the normal group, in both men and women, whereas there were no significant differences in TUG 247 

and one-leg standing time between the low muscle mass and normal groups. Thus, older adults with only muscle 248 

mass loss may have less balance ability loss, but muscle weakness may be significant. These results suggest that 249 

lower limb strength training may be required for older people who have not reached the sarcopenia stage, and that 250 

balance training may be required in addition to lower limb strength training, especially in older people with 251 

physical functional deterioration. 252 



 8 

 253 

 Previous studies reported that TUG was slower in community-dwelling older adults with low muscle function, 254 

but not in older adults with low muscle mass[7, 13]. Furthermore, Benavent-Caballer et al.[16] reported that TUG 255 

is associated with knee extension muscle strength, but not with quadriceps muscle thickness. Age-related decline 256 

in muscle strength is greater than muscle mass, and this is because neural factors such as the number of motor 257 

unit recruitments and rate coding play a more important role in muscle function rather than muscle mass in older 258 

adults[17]. Therefore, TUG, which is significantly associated with neural factors such as neuromuscular 259 

coordination, seems to be significantly poorer in older adults with low muscle function than in older adults with 260 

low muscle mass. 261 

 262 

Furthermore, TUG was slower in the low physical function group than in the normal group in both men and 263 

women, but one-leg standing in men was not significantly different between these two groups. One-leg standing 264 

time is considered an index of static balance ability and TUG an index of dynamic balance[18], suggesting that 265 

dynamic balance ability is more likely to be reduced than static balance ability in older adults with low physical 266 

function. Among the low physical function group, many participants had a reduction in 5-times chair stand test 267 

time and a reduction in normal gait speed. The 5-times chair stand test and gait speed have been reported to be 268 

related to muscle power[19-21]. Muscle power is also required in the TUG test, which involves standing up and 269 

walking as quickly as possible. Therefore, it is likely that the low function group had reduced dynamic balance 270 

ability, such as TUG, which is needed to move quickly.  271 

 272 

 Sex-related differences in the motor function 273 

Corresponding to our hypothesis, there were sex-related differences in the association between sarcopenia stages 274 

and motor function. The hip abductor muscle strength in the low function group was lower than that in the low 275 

muscle mass group, and one-leg standing time was lower in the low function group than in the normal group. 276 

Previous studies have shown that women have a lower ability to control standing posture on the frontal plane than 277 

men[22], and hip abductor muscle strength is related to standing balance ability or fall risk[23-25]. In the present 278 

study, the one-leg standing time was poorer in the low function group than in the normal group in women. Our 279 

results suggest that poor static balance ability, such as the one-leg standing ability in older women with low 280 

physical function, may be due to reduced hip abduction muscle strength. In addition, the present study showed 281 

weaker hip flexor muscle strength in the sarcopenia group than in the low muscle mass and low physical function 282 

groups, only in women. These results suggest that the decline in lower limb muscle strength and balance ability 283 

in the low physical function and sarcopenia groups may be greater in older women. Therefore, especially for older 284 

women, strength and balance training are recommended in the early stages of physical deterioration to maintain 285 

motor function.  286 

 287 

Limitation 288 
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The limitation of the present study is that the characteristics of motor function were assessed in terms of only two 289 

factors: the muscle strength of the lower limb and balance ability. Future studies need to clarify the characteristics 290 

of each sarcopenia stage from multiple perspectives, including motor function other than lower limb muscle 291 

strength, balance ability, and cognitive and psychological factors. 292 

 293 

Conclusion 294 

We investigated the sex-related characteristics of motor function by sarcopenia stage, especially in older adults 295 

who have greater risk for developing sarcopenia due to low muscle mass or low physical function. Our results 296 

showed that not only the sarcopenia group, but also the low muscle mass and low physical function groups had 297 

lower muscle strength, and that dynamic balance ability tended to be more reduced in the low physical function 298 

group than in the low muscle mass group. In addition, the characteristics of lower limb muscle strength and 299 

balance ability according to the sarcopenia stage tended to differ between the sex. Our results suggest that 300 

sarcopenia stages and sex need to be considered when prescribing exercise for older adults. 301 

 302 
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  367 

Fig.2 Comparisons of hip abductor muscle strength and one-leg standing time between sarcopenia stage 368 

groups in men and women   369 

Fig.2 Comparisons of hip abductor muscle strength and one-leg standing time between sarcopenia stage groups in men and women
† significant difference compared with Normal, ‡ significant difference compared with Low muscle mass,
§significant difference compared with Low physical function, † ‡ § p<0.05
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 370 

Table 1 Numbers of participants according to sarcopenia stage 371 

n, (%) 
Total 

n=2,107 

Men 

n=738 

Women 

n=1,369 

Normal 1,433 (68.0) 499 (67.6) 934 (68.2) 

Low muscle mass 

(LM) 
315 (15.0) 98 (13.3) 217 (15.9) 

Low physical 

function (LF) 
227 (10.8) 97 (13.1) 130 (9.5) 

Sarcopenia 132 (6.2) 44 (6.0) 88 (6.4) 

 372 

 373 

Table 2 Characteristics in older men by sarcopenia stage (mean±SD) 

 Normal 
Low muscle 

mass 

Low physical 

function 
Sarcopenia 

 n=499 n=98 n=97 n=44 

Age (years) 68.2±5.1 71.2±5.1† 71.9±4.7† 74.0±4.4†‡ 

BMI (kg/m2) 23.6±2.5 20.1±2.0† 23.8±2.7‡ 21.3±2.3†‡§ 

SMI (kg/m2) 7.8±0.5 6.6±0.7† 7.6±0.5‡ 6.4±1.0†§ 

Grip strength (kg) 40.3±5.7 34.8±4.0† 32.3±6.4†‡ 28.1±5.4†‡§ 

Usual gait 

speed(m/s) 
1.5±0.3 1.5±0.2 1.4±0.2† 1.2±0.3†‡ 

SPPB (score) 11.9±0.2 11.9±0.3 11.7±0.6†‡ 11.4±0.8†‡§ 

5-time chair stand 

(s) 
8.1±1.7 8.3±1.6 12.5±3.0†‡ 13.1±5.2†‡ 

     

Balance function     

Timed Up and Go (s) 6.3±1.1 6.5±0.9 7.3±1.3†‡ 8.7±3.0†‡§ 

One leg stand (s) 37.8±22.7 35.6±22.3 27.7±23.1  20.8±20.8† 

Lower extremity muscle strength    

Hip flexion (Nm) 56.7±18.0 48.6±15.7† 45.2±14.7† 39.1±15.1† 

Hip abduction 

(Nm) 
112.4±26.6 93.2±22.0† 92.3±26.4† 72.2±21.0†‡§ 

Knee extension 

(Nm) 
173.2±53.6 136.2±38.5† 134.8±42.1† 103.3±39.2†‡ 
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† significant difference compared with Normal, ‡ significant difference compared 

with Low muscle mass, § significant difference compared with Low physical function, 

p<0.05 
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Table 3 Characteristics in older women by sarcopenia stage (mean±SD) 

 Normal 
Low muscle 

mass 

Low physical 

function 
Sarcopenia 

 n=934 n=217 n=130 n=88 

Age (years) 66.8±4.9 68.7±5.4† 69.8±5.0† 71.3±5.3†‡ 

BMI (kg/m2) 22.6±2.9 19.3±1.9† 23.6±3.0†‡ 20.0±3.1†‡§ 

SMI (kg/m2) 6.3±0.4 5.3±0.4† 6.3±0.4‡ 5.1±1.0†‡§ 

Grip strength (kg) 24.2±3.4 22.2±3.4† 20.3±4.0†‡ 17.3±3.2†‡§ 

Usual gait 

speed(m/s) 
1.5±0.3 1.5±0.2 1.4±0.2† 1.3±0.3†‡ 

SPPB (score) 11.9±0.2 11.9±0.09 11.7±0.7†‡ 11.7±0.3†‡ 

5-time chair stand (s) 7.9±1.6 7.9±1.6 11.7±3.0†‡ 10.9±3.6†‡ 

     

Balance function     

Timed Up and Go (s) 6.4±1.2 6.4±0.9 7.3±1.2†‡ 7.8±2.0†‡ 

One leg stand (s) 41.8±21.4 39.7±21.6 30.2±22.8† 29.8±22.3† 

Lower extremity muscle strength    

Hip flexion (Nm) 37.7±10.2 33.5±9.2† 30.2±9.1† 27.3±8.2†‡§ 

Hip abduction (Nm) 74.1±17.9 62.9±15.9† 59.0±16.6†‡ 54.6±15.8†‡ 

Knee extension 

(Nm) 
99.0±28.8 82.6±26.2† 82.9±26.8† 66.8±20.6†‡§ 

† significant difference compared with Normal, ‡ significant difference compared with Low 

muscle mass, § significant difference compared with Low physical function, p<0.05 

 376 

 377 

 378 


