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Introduction 20 

Japan is currently considered to have a hyper-aged society, and the number of older 21 

people who have disabilities, need assistance, or require long-term care has increased 22 

rapidly, with a corresponding increase in the economic burden[1,2]. Japan’s long-term 23 

care insurance system, which began in 2000, is estimated to cost more than $100 billion, 24 
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https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf


more than three times the cost of 20 years ago[1]. Thus, the increasing cost of Japan's 25 

long-term care insurance system is an essential issue in an aging society.  26 

One way to ensure financial sustainability is to provide preventive services to 27 

maintain the physical function of older people and minimize the need for long-term care 28 

or support. However, in a study examining the efficacy of preventive services in Japan's 29 

long-term care insurance system, the group aged ≥ 85 years with a low level of 30 

disability showed significantly less deterioration in the level of long-term care or 31 

support. In contrast, the study reported no efficacy in the other groups[3]. These results 32 

indicate that preventive services provided by the Japanese long-term care insurance 33 

system may be effective only for some older people. Therefore, it is necessary to 34 

reexamine the physical function interventions that are effective for most older people. 35 

A decline in physical function is a common feature of older age and has significant 36 

consequences in terms of quality of life, falls, health care utilization, hospitalization, 37 

and mortality [4,5]. Previous studies have examined activities of daily living (ADL) 38 

limitations in the last months or years before death [6,7,8]. Landré et al. [9] found that 39 

older people with a faster gait, higher muscular grip strength, and greater ability to stand 40 

up from a chair and who maintain the motor skills to perform daily activities, such as 41 

bathing and dressing, may have a lower risk of death compared with older people with 42 

reduced motor function. The authors also found that the decline in motor functions 43 

begins 4–10 years before death, and that basic/instrumental ADL limitations appear later 44 

in life. Regarding gait speed, previous studies have reported a decrease in gait speed as 45 

early as 10 years before death [10]. Therefore, focusing on the relationship between frail 46 

older people and walking speed is essential to minimize the need for long-term care or 47 

support. 48 
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Recently, the importance of respiratory muscle strength regarding the physical 49 

function of older people has gained attention. Respiratory muscle strength in older 50 

people is associated with sarcopenia and frailty[11,12], and respiratory muscle strength 51 

in older people may be related to grip strength and walking speed, which are indicators 52 

of total body muscle mass [13,14]. Additionally, inspiratory muscle strength is a 53 

possible cause of limitations in ADL [15]. Furthermore, a decrease in walking speed in 54 

older people is associated with falls [16] and an increased risk of needing long-term care 55 

or support [17]. However, one study reported no correlation between walking speed and 56 

respiratory muscle strength in older people [18]. The participants in the study were 57 

healthy older people with high physical function.  58 

In contrast, a previous study that reported a relationship between walking speed and 59 

respiratory muscle strength in older people [13] included participants with sarcopenia 60 

and healthy older people. Considering these studies, an association between walking 61 

speed and respiratory muscle strength in older people is likely in frail older people. 62 

However, studies examining the relationship between walking speed and respiratory 63 

muscle strength only in frail older people, such as those requiring long-term care or 64 

support, are lacking.  65 

Walking speed is associated with dynamic stability, and instability increases gradually 66 

at slower walking speeds in older people compared with younger people [19]. 67 

Additionally, a decrease in dynamic stability in older people may lead to falls 68 

[20,21]. In Japan, the maximal double-step length test (MDST) has been used as a 69 

dynamic balance index to evaluate locomotive syndrome [22] (a condition in which 70 

mobility in daily activities is impaired owing to reduced balance and mobility, muscle 71 

weakness, and pain caused by musculoskeletal disorders). However, no studies have 72 
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examined the relationship between the MDST, respiratory muscle strength, and walking 73 

speed exclusively in older people requiring long-term care or support. 74 

Therefore, Wwe hypothesized that walking speed, respiratory muscle strength, and 75 

dynamic balance are interrelated in older people who require long-term care or support. 76 

It is essential to clarify the relationship between gait speed, respiratory muscle strength, 77 

and dynamic balance in health management and prevention for older people who need 78 

long-term care or support. A better understanding of this relationship may improve the 79 

quality of care services in the long-term care insurance system and reduce the risk of the 80 

requirement for long-term care or support. Therefore, this study aimed to provide new 81 

knowledge by investigateing the relationship between walking speed, respiratory 82 

muscle strength, and dynamic balance among older people living in the community who 83 

required long-term care or support. 84 

 85 

Materials and Methods 86 

Study Design 87 

This was a cross-sectional study performed at two daycare centers from April 88 

2023 to June 2023. All participants were informed of the study details verbally and in 89 

writing, and their consent was obtained in writing. This study was performed in 90 

accordance with the guidelines of the Declaration of Helsinki and was approved by the 91 

Ethics Committee of the Kanazawa Orthopedic Sports Medicine Clinic (kanazawa-92 

OSMC-2023-003). 93 

 94 

Study Participants 95 

Comentado [IG3]: This is already justified before.  



This study included 50 community-dwelling older people (21 men and 29 96 

women) aged ≥ 65 years who used daycare services in Japan. Participants were certified 97 

as requiring long-term care or support under the Japanese system [23]. The daycare 98 

service for older people at the target facilities provided rehabilitation services, including 99 

exercise and transportation options. The participants in this study were those with no 100 

cognitive difficulties and whose walking function was unaided or who used walking 101 

aids for ADLs. Patients diagnosed with dementia or aphasia, those who had difficulty 102 

performing spirometry, and those who were receiving home oxygen therapy or had a 103 

respiratory disease with a forced expiratory volume in 1 second of < 70% were 104 

excluded in accordance with previous studies on the effects of airway obstruction on 105 

respiratory function [24]. Potential participants with prominent pain, contractures, or 106 

postural abnormalities that would interfere with the gait speed test or MDST were also 107 

excluded. Additionally, the order in which each test (respiratory muscle strength, gait 108 

speed, and MDST) was performed was randomized to avoid bias due to the 109 

measurement order. 110 

 111 

Respiratory muscle strength 112 

The respiratory muscle strength parameters used in this study were maximal 113 

inspiratory pressure (PImax) and maximal expiratory pressure (PEmax). Respiratory 114 

muscle strength was measured using a spirometer (Autospiro AS-507; Minato, Japan). 115 

All measurements were performed by a physical therapist in accordance with the 116 

American Thoracic Society/European Respiratory Society guidelines [25]. PImax and 117 

PEmax were used to indicate respiratory muscle strength, and the maximal values after 118 

two measurements were considered representative. 119 
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 120 

Walking speed 121 

Walking speed was assessed using a 5 m walking test on a flat floor. The same 122 

physical therapist performed all tests, under safe conditions. The test was practiced 3–5 123 

times in advance, and participants were asked to wear their usual shoes during the test. 124 

Participants were instructed to start from a standing position and walk for 5 m without 125 

slowing down in front of the 5 m line. The time from when the first foot passed the 126 

starting line until the first foot passed the 5 m line was measured using a handheld 127 

stopwatch. This measurement was divided by the distance walked to obtain the average 128 

speed (m/s). Participants were asked to perform two walking speed tasks, one at their 129 

habitual daily pace (normal walking speed) and the other at their maximal speed 130 

(maximal walking speed). Walking at normal and maximal speeds was performed twice 131 

each, and the maximal measurement was adopted. The tests were performed under the 132 

close supervision of a physical therapist to avoid problems such as falls, but no physical 133 

assistance was provided in any of the tests. However, participants were allowed to use 134 

personal aids (e.g., canes, walkers). 135 

 136 

Dynamic Balance (MDST) 137 

The MDST was performed by the same physical therapist as for the walking 138 

speed evaluations, on a flat floor in the daycare facilities under safe conditions. The 139 

MDST was practiced 3–5 times in advance, and the patients were asked to wear their 140 

usual shoes when performing the MDST. The MDST was measured twice in the 141 

standing position in accordance with the original method, without losing balance, and 142 

the maximal measurement was recorded. The MDST was measured from the starting 143 Comentado [IG4]: In which unit was it recorded? 



line (toe) to the heel of the second foot, based on the method of Demura et al. [26]. The 144 

order of the preceding swinging lower limb was arbitrary. It was assumed that the 145 

participants in this study would have lower movement ability than those in the previous 146 

study. Therefore, the 5 cm measurement used in the previous study was judged to be 147 

problematic for capturing differences in ability among our participants, and a more 148 

detailed measurement unit of 0.5 cm was used. Each value for the MDST results was 149 

divided by the participant’s height (cm), considering the influence of body composition. 150 

The tests were performed under the strict supervision of a physical therapist to avoid 151 

problems, such as falls, but no physical assistance was provided in any of the tests. 152 

However, participants were allowed to use personal assistive devices (e.g., canes, 153 

walkers). 154 

 155 

Statistical Analyses 156 

The relationships between walking speed, respiratory muscle strength, and 157 

MDST, were examined using Pearson's correlation coefficient and multiple regression 158 

analysis. In the mMultiple regression analysis using a stepwise method, walking speed 159 

(normal and maximal walking speed) was defined as the dependent variable, and PImax, 160 

PEmax, MDST, sex, height, and weight were defined as independent variables, 161 

considering multicollinearity. Moreover, MDST was defined as the dependent variable, 162 

and PImax, PEmax, normal walking speed, maximal walking speed, sex, height, and 163 

weight were defined as independent variables. 164 

A stepwise method was used for the multiple regression analysis. We calculated 165 

the effect size needed for Pearson’s correlation coefficient (sample size = 50, 166 

significance level [α] error = 0.05, power [1−β error probability (err prob)] = 0.80) and 167 

Comentado [IG5]: Does it mean that there is no unit 

for MDST, since it was measured in cm, then divided 

for the height, also in centimeter?  

Comentado [IG6]: I suggest to add a sentence about 

the descriptive analyses of the data and the normality of 

that.  

https://eurekamag.com/research/023/495/023495129.php


multiple regression analysis (sample size = 50, αerr prob = 0.05, power [1 − β err prob] 168 

= 0.80, number of predictors = 1 or 2) using G Power software (version 3.1; Heinrich 169 

Heine University of Düsseldorf, Düsseldorf, Germany). We obtained a result of 26 for 170 

Pearson's correlation coefficient and 36 for the multiple regression analysis. Statistical 171 

analysis was performed using SPSS version 26 (IBM Japan, Tokyo, Japan), and p-172 

values < 0.05 were considered statistically significant. 173 

 174 

Results 175 

Figure 1 is a study flowchart showing the selection of the study participants. Sixty 176 

participants (30 men and 30 women) were recruited, of whom, 10 were excluded (seven 177 

with difficulty walking independently in daily life, two with knee joint pain, and one 178 

with low back pain). The final sample comprised 50 study participants (21 men and 29 179 

women) (Table 1). 180 

Pearson's correlation coefficient reveled correlations between maximal walking speed 181 

and PImax (r=0.607, p<0.001), normal walking speed and PImax (r=0.497, p<0.001), 182 

and MDST and PImax (r=0.429, p=0.02). Correlations were also observed between 183 

maximal walking speed and PEmax (r=0.518, p<0.001), normal walking speed and 184 

PEmax (r=0.479, p<0.001), and MDST and PEmax (r=0.330, p=0.033). Moreover, a 185 

correlation was found between maximal walking speed and MDST (r=0.682, p<0.001) 186 

and normal walking speed and MDST (r=0.645, p<0.001). The effect size was 0.375. 187 

Multiple regression analysis using a stepwise method with maximal walking speed as 188 

the dependent variable showed that PEmax, sex, height, and weight were excluded, and 189 

maximal walking speed was significantly associated with MDST (p<0.001) and PImax 190 

(p<0.001), with an effect size of 0.210. The model's adjusted coefficient of 191 



determination was 0.569 (p<0.001). Multiple regression analysis using a stepwise 192 

method with normal walking speed as the dependent variable showed that PImax, sex, 193 

height, and weight were excluded, and normal walking speed was significantly 194 

associated with MDST (p<0.001) and PEmax (p=0.006), with an effect size of 0.210. 195 

The model's adjusted coefficient of determination was 0.505 (p<0.001). Furthermore, 196 

multiple regression analysis using a stepwise method with MDST as the dependent 197 

variable showed that PImax, PEmax, normal walking speed, sex, height, and weight 198 

were excluded, and MDST was significantly associated with maximal walking speed 199 

(p<0.001), with an effect size of 0.165. The adjusted coefficient of determination for 200 

this model was 0.466(p<0.001) (Table 2). 201 

 202 

Discussion 203 

To our knowledge, this is the first study to examine the relationship between walking 204 

speed, respiratory muscle strength, and MDST, a dynamic balance index, in community-205 

dwelling older people requiring long-term care or support. This study showed a 206 

significant correlation between PImax and maximal walking speed, normal walking 207 

speed, and MDST in older people requiring long-term care or support. Additionally, 208 

significant correlations were found between PEmax and maximal walking speed, 209 

normal walking speed, and MDST and between MDST and maximal walking speed and 210 

normal walking speed. Additionally 211 

Moreover, multiple regression analysis showed that MDST and PImax affected the 212 

maximal walking speed of older people requiring long-term care or support, and MDST 213 

and PEmax affected the participants’ normal walking speed. Furthermore, maximal 214 

walking speed was identified as a factor affecting MDST in older people requiring long-215 
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term care or support. The results of this study reflect our hypothesis, and the authors 216 

consider that the fact that walking speed, respiratory muscle strength, and dynamic 217 

balance in older people requiring long-term care or support were associated is important 218 

for improving the quality of care services in the long-term care insurance system in 219 

Japan. 220 

The reason why maximal walking speed was associated with MDST and PImax and 221 

normal walking speed with MDST and PEmax may involve a breakdown in the postural 222 

control system. The postural control system has two main functions: first, to create a 223 

posture against gravity and to ensure balance, and second, to fix the orientation and 224 

position of the body segments that serve as the reference frame for perception and 225 

action concerning the external world [27]. In other words, the postural control system is 226 

the process of maintaining posture through the coordination of muscles and the nervous 227 

system, and this system plays an essential role in maintaining posture and movement 228 

stability during walking.  229 

It is widely known that respiratory muscles, which are also trunk muscles, are 230 

involved in this postural control system. The diaphragm and transversus abdominis are 231 

the primary respiratory muscles involved in the postural control system [28,29]; the 232 

diaphragm is the major inspiratory muscle [30]. The diaphragm is thought to have both 233 

an indirect role in supporting the spine by increasing intra-abdominal pressure and a 234 

direct role in contributing to postural stabilization through sustained co-contraction 235 

[28,31]. In comparison, the transversus abdominis muscle, one of the expiratory 236 

muscles [32], is also thought to contribute to postural stabilization by increasing the 237 

tension of the thoracolumbar fascia [33] or by increasing intra-abdominal pressure [34], 238 

thereby stabilizing the spine [29,35].  239 
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The strength of the diaphragm and transversus abdominis muscles is likely 240 

related to inspiratory and expiratory muscle strength [36,37,38,39]. Therefore, a 241 

decrease in PImax and PEmax causes a breakdown in the postural control system, 242 

affecting the maximal and normal walking speeds. Therefore, iICorroborating with this 243 

idea, n the results of this study, we considered suggested that a decrease in PImax and 244 

PEmax caused a breakdown in the postural control system, which affected the maximal 245 

and normal walking speeds. Although instability increases with increasing walking 246 

speed [19], the results of the present study showed that PImax was associated with the 247 

maximal walking speed at which instability increased. This result suggests that PImax, 248 

rather than PEmax, is involved in situations in which instability increases. In other 249 

words, the diaphragm may be more critical than the transversus abdominis muscle under 250 

increased instability, such as during maximal walking speed. 251 

 Özkal et al. [40] noted that the diaphragm is thicker in older people than that in 252 

younger people to compensate for atrophied lower limbs and to maintain balance. The 253 

results of this previous study also support the importance of postural control by the 254 

diaphragm in situations of increased instability. In contrast, the results of the present 255 

study showed that normal walking speed was associated with PEmax, suggesting that 256 

the function of the transversus abdominis muscle may be more important than that of 257 

the diaphragm under conditions such as normal walking speed, where instability is not 258 

increased as much as it is with maximal walking speed. 259 

In this study, maximal walking speed was associated with MDST, a dynamic balance 260 

index. Therefore, MDST is an essential factor in improving maximal walking speed. 261 

MDST was correlated with both PImax and PEmax; however, PImax was more strongly 262 

correlated with MDST compared with PEmax. As the MDST is performed at the 263 
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maximal effort, it is a task that increases instability more than that with other dynamic 264 

balance tests. Therefore, the MDST is considered to have higher reliability regarding 265 

ADLs and falls than that with other dynamic balance tests [41]. Furthermore, the MDST 266 

and walking at maximal walking speed may be related more to the diaphragm than the 267 

transversus abdominis muscle. 268 

In summary, the relationships between walking speed, respiratory muscle strength, 269 

and dynamic balance in older people requiring long-term care or support can be 270 

explained through a breakdown of the postural control system due to a decline in 271 

respiratory muscle strength. Disruption of the postural control system due to decreased 272 

respiratory muscle strength may adversely affect dynamic balance and cause a decrease 273 

in walking speed. Walking speed declines approximately 10 years before death, leading 274 

to basic/instrumental ADL limitations later in life [10]. Because of the decline in 275 

walking speed, older people who need long-term care or support may be reluctant to 276 

leave home and engage in social activities. This leads to social isolation and physical 277 

activity limitations, decreasing quality of life and increasing the likelihood of premature 278 

death. 279 

This study has several limitations. The participants in this study were older people 280 

who needed long-term care or support, and the participants may have been affected by 281 

various medical conditions. However, it was difficult to determine whether the effects 282 

on gait speed, respiratory muscle strength, and dynamic balance ability were due to 283 

disease. Therefore, to generalize the results of this study, additional studies are needed, 284 

including comparisons between sarcopenia and non-sarcopenia groups and between frail 285 

and non-frail groups, and including healthy older people as a control group. 286 

Furthermore, this study was observational, and future interventional studies should be 287 
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performed. Moreover, as the participants in this study were recruited from only two 288 

facilities, it is necessary to continue the study by recruiting participants from multiple 289 

sources. In this study, only the MDST, a dynamic balance index, was measured as a 290 

balance index, and the relationship between the MDST and other balance indices must 291 

be clarified. Future studies measuring balance indices other than the MDST and 292 

investigating the relationship between walking speed and respiratory muscle strength 293 

are necessary. This is expected to prove that the MDST is a valuable balance index for 294 

older people requiring long-term care or support. As another limitation, because this 295 

study focused on only respiratory muscle strength, which involves the trunk muscles, 296 

the relationship with lower limb muscle strength must be clarified. Therefore, further 297 

investigation of the relationships between respiratory muscle strength, gait speed, and 298 

balance indices, as well as lower limb muscle strength, will enable a more detailed 299 

understanding of the physical functions of older people requiring long-term care or 300 

support. 301 

 302 

Conclusions 303 

This study revealed that respiratory muscle strength and dynamic balance are 304 

associated with walking speed in older people requiring long-term care or support. 305 

These associations may have an important impact on basic/instrumental ADL 306 

limitations and death among older people requiring long-term care or support. 307 

Therefore, preventive services to minimize the need for long-term care or support must 308 

incorporate programs and interventions that improve walking speed and dynamic 309 

balance by improving respiratory muscle strength. The development of such programs 310 
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and interventions is urgently needed; however, this study was observational, and the 311 

development of these programs requires interventional studies. 312 
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Comentado [IG12]:  This table needs a title.  

 

I suggest to add the subtitle describing BMI, cm, kg, 

BMI, Pemax… etc 

 

Which unit is used for the MDST? 
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