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Improving the quality of life (QOL) and extending healthy life expectancy among older adults have become important issues in|
today’s aging society. Age-related decline in muscle function (sarcopenia) and musculoskeletal disorders can lead to reduced ability)|
to perform daily activities and an increased risk of falls, which significantly impair QOL. To maintain the health of the elderly, early|
detection and appropriate intervention of these problems are essential.

Clinically, handgrip strength (HS) and walking speed (WS) are commonly used indicators of physical function and are included in|
both the Japanese version of the Cardiovascular Health Study (J-CHS) and the Asian Working Group for Sarcopenia (AWGS) criterial
to assess frailty and sarcopenia. Walking is not merely a means of mobility but a fundamental and vital activity essential for
maintaining musculoskeletal and cardiovascular health. Studies reported that walking plays a crucial role in preventing muscle]
function decline and musculoskeletal disorders, making walking ability a key factor in knowing the health status of older people.

However, the J-CHS criteria consist of five items (n=5): two physical indicators (HS and WS) and three questionnaire-based items

unintentional weight loss, self-reported exhaustion, and reduced physical activity) to assess frail (n>3), pre-frail (n=1~2), of
non-frail (n=0) individuals. Since these criteria heavily rely on questionnaire responses, they represent a semi-objective evaluation|
method and may not accurately identify physical frailty due to muscle decline. Furthermore, they lack numerical indicators to|
quantify the severity of muscle weakness. Additionally, the walking speed cutoff value of 1m/s (5m walk test) is used, and the]
lassessments of exhaustion and physical activity that depend on personal subjective perception reveal a lack of objective methods.
On the other hand, the 6-minute walking test (6MWT) is widely used clinically to assess exercise capacity in patients with chronic
respiratory and cardiac diseases. The 6-minute walking distance (6MWD) is an important indicator for evaluating a patient's exercise|
endurance and its impact on daily life. Studies reported that a 6MWD below 400m is associated with limitations in daily walking.
Patients with chronic respiratory or cardiac diseases are prone to becoming frail, especially those with chronic obstructive pulmonary|
disease (COPD), which is known to have a high prevalence of frailty. This study focuses on the effectiveness of the 6MWT for
lassessing exercise endurance, and aims to objectively and early detect physical frailty by measuring and analyzing 6MWT data. The]
goal is to support early intervention, prevent the progression of frailty, and promote the extension of healthy life expectancy.

Moreover, there is a pressing problem with the lack of objective numerical indicators to quantify the severity of the condition in|
both the J-CHS criteria for assessment of frailty and the AWGS criteria for evaluation of sarcopenia. Without such indicators, it is
difficult to accurately assess the effectiveness of interventions or monitor disease progression. Assuming that a new indicator can be]
developed to quantitatively assess walking-related muscle function decline and improvement after intervention using data from the|
6MWT, it could help optimize personalized medical care and rehabilitation programs.

Additionally, current methods of measuring stride length are limited to calculating averages over fixed distances, making it
difficult to capture individual gait changes or visualize detailed walking patterns. The ability to accurately estimate 6MWD even in|
environments where straight-line distance measurement is not possible, and to provide more detailed gait analysis data, could|
contribute to the development and evaluation of personalized walking guidance programs for the elderly by healthcare professionals.

This study focuses on evaluating exercise endurance in older adults and aims to develop a wearable device that enables easy|

implementation of the 6MWT. The device uses an accelerometer to collect walking data and calculates detailed gait parameters such|

|as step length, cadence, walking speed, and distance. Comparing the diagnostic results with the J-CHS criteria, this study aims to
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establish a method for assessing physical frailty due to lower limb muscle function decline. Furthermore, a new index called the]
(Walking Muscle Strength (WMS) index is introduced and compared with the J-CHS criteria-based assessment of frailty and the]
IAWGS criteria-based assessment of sarcopenia to verify its validity and utility in visualising disease severity and intervention|
outcomes. Additionally, an algorithm is developed to calculate stride length, walking speed, and the angle range of lower leg motion|
at each stride based on walking data and a method is proposed to visualise the results of gait analysis without relying on a fixed|
traight line course. The results of this study are expected to contribute to the early detection of frailty and sarcopenia, and to support
Eppropriate interventions to improve QOL and extend healthy life expectancy in the elderly.

This paper consists of six chapters.

Chapter 1 introduces the background and purpose of this study.

In Chapter 2, to solve the limitation of traditional 6MWT manual recording and the problem of assessing exercise capacity using]
imainly the 6MWD and average walking speed, a wearable device was developed. This device automatically collects data in various
environmental conditions. To more effectively obtain detailed gait data, such as step length and step cadence, the optimal location of
the wearable sensors was determined, and algorithms were developed to accurately calculate the gait parameters.

In Chapter 3, to address the issue that the subjective metrics included in the J-CHS criteria for assessing frailty prevent an|
objective assessment of physical frailty, various gait-related indicators during the 6MWT, such as walking speed, stride length, and|
cadence, were extracted. Based on the correlation analysis between these indicators and the items of the J-CHS criteria, a new frailty|
lassessment method using 6MWT gait data was proposed. The effectiveness of the proposed method was verified through comparison
with diagnostic results in clinical evaluation according to the J-CHS criteria.

In Chapter 4, to address the lack of indicators for quantitatively assessing the walking-related muscle weakness and the]
effectiveness of interventions in the elderly, the relationship between 6MWT data and 6-minute walk energy expenditure (6(MWEE)
was investigated. Based on this analysis, a new WMS index was proposed, and its effectiveness was examined by comparisons with|
diagnostic results based on the J-CHS and AWGS criteria. Additionally, the usefulness of the WMS index was demonstrated from the]
perspective of quantitatively visualizing disease progression and improvements achieved through rehabilitation.

In Chapter 5, to accurately calculate lower leg swing angles and stride distances from 6MWT data, with the aim of providing]
objective gait analysis data to help physical and occupational therapists promote safe and efficient walking, an algorithm wag
developed. This approach addresses the limitations of traditional stride distance measurements, which calculate average stride length|
by dividing a known distance by the stride counts, but this method is problematic when the walking distance is unknown. By
lapplying the proposed algorithm, the 6MWD can be accurately estimated even in environments where distance measurement is
difficult, and detailed gait characteristics can be visualised by capturing individual gait changes.

Chapter 6 summarizes the conclusions and future perspectives of this study.
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