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Introduction

Japan is currently considered to have a hyper-aged society, and the number of older
people who have disabilities, need assistance, or require long-term care has increased
rapidly, with a corresponding increase in the economic burden[1,2]. Japan’s long-term

care insurance system, which began in 2000, is estimated to cost more than $100 billion,
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more than three times the cost of 20 years ago[1]. Thus, the increasing cost of Japan's
long-term care insurance system is an essential issue ifn an aging society.

One way to ensure financial sustainability is to provide ]preventive services to
maintain the physical function of older people and minimize the need for long-term care
or support. However, in a study examining the efficacy of preventive services in Japan's
long-term care insurance system, the group aged > 85 years with a low level of
disability showed significantly less deterioration in the level of long-term care or
support. In contrast, the study reported no efficacy in the other groups[3]. These results
indicate that preventive services provided by the Japanese long-term care insurance
system may be effective only for some older people. Therefore, it is necessary to
reexamine the physical function interventions that are effective for most older people.

A decline in physical function is a common feature of older age and has significant
consequences in terms of quality of life, falls, health care utilization, hospitalization,
and mortality [4,5]. Previous studies have examined activities of daily living (ADL)
limitations in the last months or years before death [6,7,8]. Landré et al. [9] found that
older people with a faster gait, higher muscular grip strength, and greater ability to stand
up from a chair and who maintain the motor skills to perform daily activities, such as
bathing and dressing, may have a lower risk of death compared with older people with
reduced motor function. The authors also found that the decline in motor functions
begins 4-10 years before death, and that basic/instrumental ADL limitations appear later
in life. Regarding gait speed, previous studies have reported a decrease in gait speed as
early as 10 years before death [10]. Therefore, focusing on the relationship between frail
older people and walking speed is essential to minimize the need for long-term care or

support.
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Recently, the importance of respiratory muscle strength regarding the physical
function of older people has gained attention. Respiratory muscle strength in older
people is associated with sarcopenia and frailty[11,12], and respiratory muscle strength
in older people may be related to grip strength and walking speed, which are indicators
of total body muscle mass [13,14]. Additionally, inspiratory muscle strength is a
possible cause of limitations in ADL [15]. Furthermore, a decrease in walking speed in
older people is associated with falls [16] and an increased risk of needing long-term care
or support [17]. However, one study reported no correlation between walking speed and
respiratory muscle strength in older people [M]. The participants in the study were
healthy older people with high physical function.

In contrast, a previous study that reported a relationship ’between walking speed and
respiratory muscle strength in older people [13] included participants with sarcopenia
and healthy older people. Considering these studies, an association between walking
speed and respiratory muscle strength in older people is likely in frail older people.
However, studies examining the relationship between walking speed and respiratory
muscle strength only in frail older people, such as those requiring long-term care or
support, are lacking.

Walking speed is associated with dynamic stability, and instability increases gradually
at slower walking speeds in older people compared with younger people [19].
Additionally, a decrease in dynamic stability in older people may lead to falls
[20,21]. In Japan, the maximal double-step length test (MDST) has been used as a
dynamic balance index to evaluate locomotive syndrome [22] (a condition in which
mobility in daily activities is impaired owing to reduced balance and mobility, muscle

weakness, and pain caused by musculoskeletal disorders). However, no studies have
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examined the relationship between the MDST, respiratory muscle strength, and walking
speed exclusively in older people requiring long-term care or support.

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

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

leng—telﬂm—ea—r&er—s&ppefﬁ.—A better understanding of this relationship may improve the

quality of care services in the long-term care insurance system and reduce the risk of the
requirement for long-term care or support. Therefore, this study aimed to previde-new
knewledge by-investigateing the relationship between walking speed, respiratory
muscle strength, and dynamic balance among older people living in the community who

required long-term care or support.

Materials and Methods
Study Design

This was a cross-sectional study performed at two daycare centers from April
2023 to June 2023. All participants were informed of the study details verbally and in
writing, and their consent was obtained in writing. This study was performed in
accordance with the guidelines of the Declaration of Helsinki and was approved by the
Ethics Committee of the Kanazawa Orthopedic Sports Medicine Clinic (kanazawa-

OSMC-2023-003).

Study Participants
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This study included 50 community-dwelling older people (21 men and 29
women) aged > 65 years who used daycare services in Japan. Participants were certified
as requiring long-term care or support under the Japanese system [23]. The daycare
service for older people at the target facilities provided rehabilitation services, including
exercise and transportation options. The participants in this study were those with no
cognitive difficulties and whose walking function was unaided or who used walking
aids for ADLs. Patients diagnosed with dementia or aphasia, those who had difficulty
performing spirometry, and those who were receiving home oxygen therapy or had a
respiratory disease with a forced expiratory volume in 1 second of < 70% were
excluded in accordance with previous studies on the effects of airway obstruction on
respiratory function [24]. Potential participants with prominent pain, contractures, or
postural abnormalities that would interfere with the gait speed test or MDST were also
excluded. Additionally, the order in which each test (respiratory muscle strength, gait
speed, and MDST) was performed was randomized to avoid bias due to the

measurement order.

Respiratory muscle strength

The respiratory muscle strength parameters used in this study were maximal
inspiratory pressure (PImax) and maximal expiratory pressure (PEmax). Respiratory
muscle strength was measured using a spirometer (Autospiro AS-507; Minato, Japan).
All measurements were performed by a physical therapist in accordance with the
American Thoracic Society/European Respiratory Society guidelines [25]. PImax and
PEmax were used to indicate respiratory muscle strength, and the maximal values after

two measurements were considered representative.
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Walking speed

Walking speed was assessed using a 5 m walking test on a flat floor. The same
physical therapist performed all tests, under safe conditions. The test was practiced 3—5
times in advance, and participants were asked to wear their usual shoes during the test.
Participants were instructed to start from a standing position and walk for 5 m without
slowing down in front of the 5 m line. The time from when the first foot passed the
starting line until the first foot passed the 5 m line was measured using a handheld
stopwatch. This measurement was divided by the distance walked to obtain the average
speed (m/s). Participants were asked to perform two walking speed tasks, one at their
habitual daily pace (normal walking speed) and the other at their maximal speed
(maximal walking speed). Walking at normal and maximal speeds was performed twice
each, and the maximal measurement was adopted. The tests were performed under the
close supervision of a physical therapist to avoid problems such as falls, but no physical
assistance was provided in any of the tests. However, participants were allowed to use

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

Dynamic Balance (MDST)

The MDST was performed by the same physical therapist as for the walking
speed evaluations, on a flat floor in the daycare facilities under safe conditions. The
MDST was practiced 3—5 times in advance, and the patients were asked to wear their
usual shoes when performing the MDST. The MDST was measured twice in the
standing position in accordance with the loriginal method, without losing balance, and

the maximal measurement was recorded. h"he MDST was measured from the starting

[Comentado [IG4]: In which unit was it recorded?
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line (toe) to the heel of the second foot, based on the method of Demura et al. [26]. The
order of the preceding swinging lower limb was arbitrary. It was assumed that the
participants in this study would have lower movement ability than those in the previous
study. Therefore, the 5 cm measurement used in the previous study was judged to be
problematic for capturing differences in ability among our participants, and a more
detailed measurement unit of 0.5 cm was used. [Each value for the MDST results was
divided by the participant’s height (cm), considering the influence of body composition. ]
The tests were performed under the strict supervision of a physical therapist to avoid
problems, such as falls, but no physical assistance was provided in any of the tests.
However, participants were allowed to use personal assistive devices (e.g., canes,

walkers).

\Statistical Analyses\

The relationships between walking speed, respiratory muscle strength, and
MDST; were examined using Pearson's correlation coefficient and multiple regression
analysis. In the mMultiple regression analysis using a stepwise method, walking speed
(normal and maximal walking speed) was defined as the dependent variable, and PImax,
PEmax, MDST, sex, height, and weight were defined as independent variables,
considering multicollinearity. Moreover, MDST was defined as the dependent variable,
and PImax, PEmax, normal walking speed, maximal walking speed, sex, height, and
weight were defined as independent variables.

A stepwise method was used for the multiple regression analysis. We calculated
the effect size needed for Pearson’s correlation coefficient (sample size = 50,

significance level [a] error = 0.05, power [1—f error probability (err prob)] = 0.80) and

Comentado [IG5]: Does it mean that there is no unit
for MDST, since it was measured in cm, then divided
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multiple regression analysis (sample size = 50, aerr prob = 0.05, power [1 — [ err prob]
=0.80, number of predictors = 1 or 2) using G Power software (version 3.1; Heinrich
Heine University of Diisseldorf, Diisseldorf, Germany). We obtained a result of 26 for
Pearson's correlation coefficient and 36 for the multiple regression analysis. Statistical
analysis was performed using SPSS version 26 (IBM Japan, Tokyo, Japan), and p-

values < 0.05 were considered statistically significant.

Results

Figure 1 is a study flowchart showing the selection of the study participants. Sixty
participants (30 men and 30 women) were recruited, of whom, 10 were excluded (seven
with difficulty walking independently in daily life, two with knee joint pain, and one
with low back pain). The final sample comprised 50 study participants (21 men and 29
women) (Table 1).

Pearson's correlation coefficient reveled correlations between maximal walking speed
and PImax (r=0.607, p<0.001), normal walking speed and PImax (r=0.497, p<0.001),
and MDST and PImax (r=0.429, p=0.02). Correlations were also observed between
maximal walking speed and PEmax (r=0.518, p<0.001), normal walking speed and
PEmax (r=0.479, p<0.001), and MDST and PEmax (r=0.330, p=0.033). Moreover, a
correlation was found between maximal walking speed and MDST (r=0.682, p<0.001)
and normal walking speed and MDST (r=0.645, p<0.001). The effect size was 0.375.

Multiple regression analysis using a stepwise method with maximal walking speed as
the dependent variable showed that PEmax, sex, height, and weight were excluded, and
maximal walking speed was significantly associated with MDST (p<0.001) and PImax

(p<0.001), with an effect size of 0.210. The model's adjusted coefficient of
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determination was 0.569 (p<0.001). Multiple regression analysis using a stepwise
method with normal walking speed as the dependent variable showed that PImax, sex,
height, and weight were excluded, and normal walking speed was significantly
associated with MDST (p<0.001) and PEmax (p=0.006), with an effect size of 0.210.
The model's adjusted coefficient of determination was 0.505 (p<0.001). Furthermore,
multiple regression analysis using a stepwise method with MDST as the dependent
variable showed that PImax, PEmax, normal walking speed, sex, height, and weight
were excluded, and MDST was significantly associated with maximal walking speed
(p<0.001), with an effect size of 0.165. The adjusted coefficient of determination for

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

fl)iscussion‘

To our knowledge, this is the first study to examine the relationship between walking
speed, respiratory muscle strength, and MDST, a dynamic balance index, in community-
dwelling older people requiring long-term care or support. This study showed a
significant correlation between PImax and maximal walking speed, normal walking
speed, and MDST in older people requiring long-term care or support. Additionally,
significant correlations were found between PEmax and maximal walking speed,
normal walking speed, and MDST and between MDST and maximal walking speed and
normal walking speed. Additionally

Moreover, multiple regression analysis showed that MDST and PImax affected the
maximal walking speed of older people requiring long-term care or support, and MDST
and PEmax affected the participants’ normal walking speed. Furthermore, maximal

walking speed was identified as a factor affecting MDST in older people requiring long-
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term care or support. The results of this study reflect our hypothesis, and the authors
consider that the fact that walking speed, respiratory muscle strength, and dynamic
balance in older people requiring long-term care or support were associated is important
for improving the quality of care services in the long-term care insurance system in
Japan.

The reason why maximal walking speed was associated with MDST and PImax and
normal walking speed with MDST and PEmax may involve a breakdown in the postural
control system. The postural control system has two main functions: first, to create a
posture against gravity and to ensure balance, and second, to fix the orientation and
position of the body segments that serve as the reference frame for perception and
action concerning the external world [27]. In other words, the postural control system is
the process of maintaining posture through the coordination of muscles and the nervous
system, and this system plays an essential role in maintaining posture and movement
stability during walking.

[It is widely known that respiratory muscles, which are also trunk muscles, are
involved in this postural control system‘. The diaphragm and transversus abdominis are
the primary respiratory muscles involved in the postural control system [28,29]; the
diaphragm is the major inspiratory muscle [30]. The diaphragm is thought to have both
an indirect role in supporting the spine by increasing intra-abdominal pressure and a
direct role in contributing to postural stabilization through sustained co-contraction
[28,31]. In comparison, the transversus abdominis muscle, one of the expiratory
muscles [32], is also thought to contribute to postural stabilization by increasing the
tension of the thoracolumbar fascia [33] or by increasing intra-abdominal pressure [34],

thereby stabilizing the spine [29,35].
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The strength of the diaphragm and transversus abdominis muscles is likely
related to inspiratory and expiratory muscle strength [36,37,38,39]. [Therefore, a
decrease in PImax and PEmax causes a breakdown in the postural control system,

affecting the maximal and normal walking speedsl. TFherefore;tlCorroborating with this

idea, a-the results of this study,we-censidered suggested that a decrease in PImax and
PEmax caused a breakdown in the postural control system, which affected the maximal
and normal walking speeds. Although instability increases with increasing walking
speed [19], the results of the present study showed that PImax was associated with the
maximal walking speed at which instability increased. This result suggests that PImax,
rather than PEmax, is involved in situations in which instability increases. In other
words, the diaphragm may be more critical than the transversus abdominis muscle under
increased instability, such as during maximal walking speed.

Ozkal et al. [40] noted that the diaphragm is thicker in older people than that in
younger people to compensate for atrophied lower limbs and to maintain balance. The
results of this previous study also support the importance of postural control by the
diaphragm in situations of increased instability. In contrast, the results of the present
study showed that normal walking speed was associated with PEmax, suggesting that
the function of the transversus abdominis muscle may be more important than that of
the diaphragm under conditions such as normal walking speed, where instability is not
increased as much as it is with maximal walking speed.

In this study, maximal walking speed was associated with MDST, a dynamic balance
index. Therefore, MDST is an essential factor in improving maximal walking speed.
MDST was correlated with both PImax and PEmax; however, PImax was more strongly

correlated with MDST compared with PEmax. As the MDST is performed at the
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maximal effort, it is a task that increases instability more than that with other dynamic
balance tests. Therefore, the MDST is considered to have higher reliability regarding
ADLs and falls than that with other dynamic balance tests [41]. Furthermore, the MDST
and walking at maximal walking speed may be related more to the diaphragm than the
transversus abdominis muscle.

In summary, the relationships between walking speed, respiratory muscle strength,
and dynamic balance in older people requiring long-term care or support can be
explained through a breakdown of the postural control system due to a decline in
respiratory muscle strength. Disruption of the postural control system due to decreased
respiratory muscle strength may adversely affect dynamic balance and cause a decrease
in walking speed. Walking speed declines approximately 10 years before death, leading
to basic/instrumental ADL limitations later in life [10]. Because of the decline in
walking speed, older people who need long-term care or support may be reluctant to
leave home and engage in social activities. This leads to social isolation and physical

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

death.‘ {Comentado [IG10]: This needs a reference

This study has several limitations. The participants in this study were older people
who needed long-term care or support, and the participants may have been affected by
various medical conditions. However, it was difficult to determine whether the effects
on gait speed, respiratory muscle strength, and dynamic balance ability were due to
disease. Therefore, to generalize the results of this study, additional studies are needed,
including comparisons between sarcopenia and non-sarcopenia groups and between frail
and non-frail groups, and including healthy older people as a control group.

Furthermore, this study was observational, and future interventional studies should be


https://www.sciencedirect.com/science/article/abs/pii/S0167494310002311?via%3Dihub
https://academic.oup.com/biomedgerontology/article/69A/3/354/706960?login=true

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

performed. Moreover, as the participants in this study were recruited from only two
facilities, it is necessary to continue the study by recruiting participants from multiple
sources. In this study, only the MDST, a dynamic balance index, was measured as a
balance index, and the relationship between the MDST and other balance indices must
be clarified. Future studies measuring balance indices other than the MDST and
investigating the relationship between walking speed and respiratory muscle strength
are necessary. This is expected to prove that the MDST is a valuable balance index for
older people requiring long-term care or support. As another limitation, because this
study focused on only respiratory muscle strength, which involves the trunk muscles,
the relationship with lower limb muscle strength must be clarified. Therefore, further
investigation of the relationships between respiratory muscle strength, gait speed, and
balance indices, as well as lower limb muscle strength, will enable a more detailed
understanding of the physical functions of older people requiring long-term care or

support.

Conclusions

This study revealed that respiratory muscle strength and dynamic balance are
associated with walking speed in older people requiring long-term care or support.
These associations may have an important impact on basic/instrumental ADL
limitations and death among older people requiring long-term care or support.
Tl"herefore, preventive services to minimize the need for long-term care or support must
incorporate programs and interventions that improve walking speed and dynamic

balance by improving respiratory muscle strength‘. The development of such programs
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311 and interventions is urgently needed; however, this study was observational, and the
312 development of these programs requires interventional studies.
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Comentado [IG12]: This table needs a title.

1 suggest to add the subtitle describing BMI, cm, kg,
BMI, Pemax... etc

Which unit is used for the MDST?
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