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Abstract: Background and Objectives: Frailty in older adults is associated with adverse health outcomes.
This study aimed to analyze the frailty status of community-dwelling older adults in Taiwan using
the Kihon Checklist (KCL) and explore associations with demographic, physiological, and functional
factors. Materials and Methods: In this cross-sectional study, 278 community-dwelling older adults were
classified as robust, prefrail, or frail based on their KCL scores. Participants underwent physical fitness
assessments including muscle strength and endurance tests, walking speed tests, and flexibility tests.
One-way ANOVA and logistic regression analyses were used to examine differences and associations
between frailty status and physical fitness indicators. Results: 36% of participants were robust,
47.1% prefrail, and 16.9% frail. The robust group significantly outperformed the prefrail and frail
groups in the 30 s sit-to-stand test, 2.44 m sit-to-walk test, and walking speed (p < 0.001). The 2.44 m
sit-to-walk test was a significant predictor of prefrailty (OR = 1.18, 95% CI = 1.02-1.36) after adjusting
for other physical fitness indicators. Conclusions: Lower limb functional capacity, particularly in the
2.44 m sit-to-walk test, was significantly associated with pre-frailty among community-dwelling older
adults in Taiwan. Early screening, the classification of frailty by the Kihon Checklist, and targeted
interventions focusing on lower limb strength, endurance, and mobility are crucial for preventing
and delaying frailty progression in older populations.

Keywords: frailty; physical fitness indicators; Kihon Checklist; community-dwelling older adult

1. Introduction

The rapid growth of the aging population is a major public health challenge globally.
With the shift in demographics towards an older populace, the geriatric syndrome of
frailty is becoming an increasingly important issue. Frailty in older adults refers to a
state of diminished physiological reserve, and it is associated with an increased risk of
adverse health outcomes such as falls, disability, hospitalization, and mortality [1,2]. A
range of studies have reported varying prevalence rates of frailty in the global population.
In a systematic review and meta-analysis, O’Caoimh et al. found that the prevalence of
frailty ranged from 7% to 24%, with higher rates in studies using the deficit accumulation
model [3]. In addition, Faroogqi et al. reported that when using global thresholds to define
physical frailty, the prevalence ranged from a low of 2.4% in North America/Europe to a
high of 20.1% in Africa. However, when using region-specific thresholds, the prevalence
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ranged from a low of 4.1% in Russia/Central Asia to a high of 8.8% in the Middle East,
with regional variations being much smaller [4]. Effective prevention and management of
frailty can not only improve the quality of life for older individuals but also substantially
reduce the enormous related healthcare and caregiving costs.

Taiwan has already transitioned into an aged society, with elderly individuals aged
65 and above accounting for 17.6% of the total population in 2022 [5]. Therefore, the early
detection and prevention of frailty among community-dwelling older adults is crucial for
maintaining their health and delaying the progression of functional decline. Currently,
various assessment tools such as the Taiwanese Frailty Evaluation Scale and Fried Frailty
Criteria are available for screening frailty. Among them, the Japanese Kihon Checklist
(KCL) is a simple yet reliable and valid instrument for rapidly assessing the risk of frailty
in older individuals [6,7].

Kihon Checklist has been translated into a Chinese version, and it demonstrated good
internal consistency, excellent test-retest reliability, and acceptable construct validity, with
moderate to low correlations with other established scales. The KCL Chinese version exhib-
ited excellent discrimination with high sensitivity and specificity, making it a promising
and convenient screening tool for frailty in elderly populations [8]. The Kihon Checklist
has demonstrated its versatility and applicability across different cultural contexts. Studies
validating the KCL in various countries have consistently shown its reliability and validity
as a frailty screening tool. In Turkey, Esenkaya et al. found that the KCL demonstrated
good internal consistency (Cronbach’s « = 0.876) and high sensitivity and specificity for
detecting frailty among Turkish older adults [9]. Similarly, the Brazilian Portuguese version
of the KCL showed a strong correlation with the original Japanese version (r = 0.764)
and good internal consistency (Cronbach’s « = 0.787) [10], as reported by Sewo Sampaio
et al. In Spain, Sentandreu-Marié et al. validated both the original 25-item and a reduced
15-item version of the KCL, finding adequate internal consistency and validity, particularly
for the 15-item version [11]. These studies collectively highlight the KCL’s robustness
as a frailty screening tool across different cultural and linguistic settings. The consistent
performance of the KCL across these diverse populations underscores its potential as
a universally applicable instrument for frailty assessment. Our study’s findings in the
Taiwanese context further contribute to this growing body of evidence, supporting the
KCL's utility in Asian populations beyond its original Japanese setting. This cross-cultural
validity makes the KCL a valuable tool for international comparisons of frailty prevalence
and characteristics, potentially facilitating more standardized approaches to frailty research
and intervention globally.

This study aimed to use the KCL and a series of physical fitness assessments to analyze
the frailty status of community-dwelling older adults in Taiwan and explore the associations
with demographic, physiological, and functional factors. By gaining insights into the key
determinants of frailty, we hope to provide an evidence base for developing effective health
promotion strategies and exercise interventions to delay the progression of frailty among
the aging population in Taiwan, ultimately promoting their physical and mental well-being.

2. Materials and Methods

The Prevention and Community Medical Center at Asia University Hospital (Taichung,
Taiwan) began enrolling participants from community health hubs for a generational study
in August 2022. The initial enrollment included 306 volunteers aged 65 years or older who
participated in health promotion activities, including health education lectures, exercise
programs, and physical fitness assessments. (Figure 1)

The inclusion criteria were (1) Age 65 years or older (2) Ability to participate in health
promotion activities (3) Willingness to undergo physical fitness assessments.

Exclusion criteria were (1) Severe disability preventing participation in physical fitness
tests (2) Inability to be contacted or followed up (3) Lack of cooperation with physical
fitness assessments.
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After applying these criteria, 28 participants were excluded. The final sample consisted
of 278 community-dwelling older adults who met all inclusion criteria and completed the
necessary assessments.

All participants provided informed consent before enrollment in this study. The study
protocol was approved by the Institutional Review Board of China Medical University &
Hospital (approval number: CMUH111-REC3-110).

Total participant
n=306
Inclusion criteria
® Age 265-year-old
® Full participation within

health promotion activities

Exclusion criteria
n=28
Intolerance with fitness
assessment
Severe disability

Unretraceable

Enrolled participant within physical fitness assessment

n=278

Kihon Checklist I

a

KCL=1-3 points
Robustness
n=100

KCL=4-7 points
Pre-frail

n=131

KCL =8 points
frailty

n=47

Figure 1. Study enrollment flow chart.

Our study examined frailty status as the primary dependent variable, categorized as
robust, prefrail, or frail based on Kihon Checklist (KCL) scores. Independent variables
included demographic characteristics (age, gender), anthropometric measurements (height,
weight, BMI, waist circumference), and various physical fitness indicators. Lower body
function was assessed through sit-to-stand tests and walking speed tests, while upper
body strength was measured by bicep curls and grip strength. Flexibility was evaluated
using upper back scratch and seated forward bend tests. Body composition variables
included body fat percentage, skeletal muscle percentage, visceral fat percentage, bone
mineral density, and calf circumference. Body composition was checked by Omron body
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fat monitor, HBF-370, Manufactured by Krell Precisionco., Ltd., Yangzhou, China. Bone
density was checked by “Hologic” Sahara Clinical Bone Sonometer, Hologic, Inc., Bedford,
MA, USA. Physiological parameters such as blood pressure were also recorded. (HEM-
7121, MVN0032000 Omron Healthcare Manufacturing Vietnam Co., Ltd. Thu Dau Mot
City, Binh Duong Province, Vietnam) Additionally, sarcopenia status was diagnosed based
on the 2019 Asian Working Group for Sarcopenia criteria. These variables were selected
for their potential association with frailty status, as indicated by previous literature and
our research objectives, providing a comprehensive assessment of participants’ functional
and physiological status in relation to frailty classification. Comprehensive tests were
administered to obtain the participants’ overall functional capacity and mobility conditions,
as described below.

2.1. Muscle Strength and Endurance Tests

e  The 30 s Sit-to-Stand Test: The participants sat in a chair with their arms crossed at the
chest, and the number of full sit-to-stand cycles completed within 30 s was recorded
to assess lower body muscle strength and endurance.

e  Five Times Sit-to-Stand Test: The participants rose from a 40 cm high chair to a full
standing position 5 times, and the time taken to complete the task was recorded to
evaluate lower body muscle strength.

e Number of Bicep Curls in 30 s: With the participants seated and holding a dumbbell
(8 Ibs for men, 5 Ibs for women), the number of correct bicep curls performed within
30 s was recorded to assess upper body muscle endurance.

e  Maximum Grip Strength Test: Using a hand dynamometer (Model EH101, Zhongshan
Camry Electronic Co. Ltd.: Zhongshan, China: 90 kg capacity, 356 g weight), the
maximum grip strength was measured twice for each hand, and the highest value was
recorded to evaluate upper body muscle strength.

2.2. Walking Speed Tests

e  The 2.44 m Sit-to-Walk Test: The participants rose from a chair, walked around a
designated obstacle, and returned to a seated position, and the time taken to complete
the course was recorded to assess lower body mobility.

o  The 4 m Walking Speed Test: The participants were allowed to use an assistive device
and instructed to walk at their normal pace for 4 m, and the faster of two trials was
recorded to evaluate lower body mobility.

2.3. Flexibility Tests

e  Upper Back Scratch Test: With one hand reaching over the shoulder and the other
reaching up the back, the distance between the middle fingertips was measured to
assess upper body flexibility.

e  Seated Forward Bend Test: With one leg extended in a seated position, the participants
reached towards their toes with overlapping hands, and the ability to reach beyond
their toes was recorded to assess lower body flexibility.

2.4. Kihon Checklist (KCL)

The research team used the KCL Chinese version as a rapid screening tool to evaluate
the risk of frailty among the elderly participants. The KCL is a comprehensive 25-item
assessment tool that can be used to identify older adults at high risk of frailty. Participants
with a total KCL score below 3 were categorized as robust, those with a score between 4 and
7 were considered prefrail, and those with a score exceeding 7 as frail [12-14]. We examined
differences in physical fitness performance and physiological parameters across these frailty
subgroups, with the aim of providing insights to guide subsequent intervention strategies.
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2.5. Diagnosis of Sarcopenia

For the diagnosis of sarcopenia among the enrolled participants, the 2019 Asian
Working Group for Sarcopenia (AWGS) consensus diagnostic criteria were applied [15].
Participants were classified as having sarcopenia if their grip strength was below 28 kg for
men and 18 kg for women, in combination with a bioelectrical impedance analysis (BIA)
measured skeletal muscle mass index (SMI) of less than 7.0 kg/ m? for men and 5.7 kg/ m?
for women. Moreover, if participants met the aforementioned diagnostic criteria and took
more than 12 s to complete the five times sit-to-stand test, they were further categorized as
having severe sarcopenia.

2.6. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics, version 25, IBM
Corp., Armonk, NY, USA. Descriptive statistics were calculated for all variables, with con-
tinuous data presented as mean =+ standard deviation and categorical data as frequencies
and percentages.

One-way ANOVA was used to compare physical fitness indicators and physiological
parameters across the three frailty groups (robust, prefrail, and frail). Post hoc analyses
were conducted using Tukey’s HSD test for pairwise comparisons when ANOVA results
were significant.

Binary logistic regression analyses were performed to identify physical fitness in-
dicators associated with prefrailty. Three models were constructed: a crude model, an
adjusted model including only physical fitness indicators, and a fully adjusted model
incorporating age and body fat percentage. Odds ratios (OR) with 95% confidence intervals
(CI) were calculated.

Chi-square tests were used for categorical variables. Statistical significance was set at
p < 0.05 for all analyses.

3. Results

A total of 278 participants were included in the analysis of this generational study.
Based on KCL scores, 100 (36%) participants were classified as robust, 131 (47.1%) as pre-
frail, and 47 (16.9%) as frail. One-way ANOVA revealed a significantly higher average
age in the frail group (79.68 & 5.86 years) compared with the prefrail (78.31 & 5.92 years)
and robust (75.59 £ 6.16 years) groups (p < 0.001). However, there were no significant
differences among the three groups in systolic and diastolic blood pressure, height, weight,
body mass index, and waist circumference.

One-way ANOVA of the physical fitness tests showed that the robust group outper-
formed the pre-frail and frail groups in the 30 s sit-to-stand test, 2.44 m sit-to-walk test, and
walking speed (p < 0.001) The prefrail group exhibited superior walking speed compared
with the frail group, with no significant differences in other physical fitness test results. In
terms of body composition, the three groups differed significantly in body fat percentage,
with the robust group having a lower body fat percentage and the frail group having a
significantly higher average body fat percentage (p = 0.019). No significant differences were
observed among the three groups in bone density, grip strength, relative grip strength, calf
circumference, skeletal muscle percentage, and visceral fat percentage (Table 1).

Using binary logistic regression analysis, the 30 s sit-to-stand test (odds ratio [OR] = 0.90,
95% confidence interval [CI] = 0.85-0.95), 2.44 m sit-to-walk test (OR = 1.29, 95% CI = 1.15-1.45),
and walking speed (OR = 0.09, 95% CI = 0.29-0.279) in the crude model were significant
predictors of prefrailty (Table 2). However, in the adjusted model, only the 2.44 m sit-to-
walk test (OR =1.18, 95% CI = 1.02-1.36) remained significantly associated with prefrailty.
When age and body fat were included in the adjusted model (Model 2), the 30 s sit-to-stand
test (OR = 0.96, 95% CI = 0.90-1.03), 2.44 m sit-to-walk test (OR = 1.14, 95% CI = 0.98-1.33),
and walking speed (OR = 0.54, 95% CI = 0.12-2.40) lost their predictive abilities.
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Table 1. Characteristics of the participants.
Robust Group Prefrail Group Frail Group
(KCL < 3) (KCL 4-7) (KCL > 8)
Total 100 (36%) 131 (47.1%) 47 (16.9%) 278 (100%)
Gender Male: 19 Male: 26 Male: 4 p=0.195
(19%) (19.8%) (8.5%)
Female: 81 Female: 105 Female: 43
(81%) (80.2%) (91.5%)
Age (years) 75.59 £ 6.16 78.31 £5.92 79.68 £ 5.86 p < 0.001
SBP (mmHg) 127.62 + 15.24 126.79 + 15.81 124.45 +11.35 p=0.485
DBP (mmHg) 68.99 £ 11.02 68.44 £ 10.68 66.32 £ 10.05 p=0.361
Weight (kg) 58.93 4 9.63 59.20 & 10.56 59.01 4 9.36 p=0.979
Height (cm) 155.10 + 7.36 154.10 + 7.54 154.27 £7.24 p=0.585
BMI 24.49 + 3.56 24.70 £+ 4.64 24.78 £ 3.34 p=0.892
Waistline (cm) 83.33 £9.15 83.56 &+ 10.31 83.11 £ 9.62 p=0.636
Muscle strength and endurance
30 s sit-to-stand test (seconds) 1597 +4.15 14.21 £ 4.61 13.04 +4.71 p <0.001
5 times sit-to-stand test 10.36 +3.09 10.69 + 3.89 1191 £ 4.97 p =0.069
(seconds)
Number of bicep curls in 30 s 19.88 + 6.48 20.00 £ 5.06 18.42 +£5.27 p=0.236
Grip strength (maximum) (kg) 22.57 +6.20 22.81 +7.49 20.33 £+ 8.07 p=0.114
Relative grip strength: 0.386 &+ 0.109 0.392 £ 0.126 0.348 £+ 0.122 p =0.096
Grip strength/weight
Walk speed
2.44 m sit-to-walk test 8.23 +£2.21 9.44 4+ 2.52 10.28 +£2.73 p <0.001
(seconds)
4 m walking speed test 4.26 +1.06 473 £1.22 533 +£1.61 p <0.001
(seconds)
Walking speed 0.99 +0.24 0.88 +0.23 0.81 +£0.22 p <0.001
(m/s)*
Flexibility
Upper extremities (upper back —12.96 £+ 16.38 —12.73 £15.01 —18.25 £ 16.99 p=0.103
scratch test)
Lower extremities (seated 0.68 +£7.31 —0.78 £ 8.26 —1.26 + 8.54 p =0.267
forward bend test)
Body composition
Bone mineral density —1.97 £ 0.86 —2.08 £ 0.87 —2.02+1.15 p =0.663
Calf circumference (average) 31.89 £4.35 31.98 £3.15 31.97 £ 3.08 p=0.98
(cm)
Body fat percentage (%) 34.37 £5.57 36.08 £ 5.07 36.42 £ 4.41 p=0.019
Visceral fat percentage (%) 9.83 £4.87 10.58 4= 5.56 10.40 +4.76 p =0.545
Skeletal muscle percentage (%) 2292 +2.71 22.23 +2.83 21.89 +2.43 p =0.057
SMI 5.65 &+ 1.05 5.50 & 1.09 5.40 + 1.06 p=0.344
Diagnosis of sarcopenia
Sarcopenia 32 (32%) 51 (38.9%) 24 (51.1%) p =0.085
Sarcopenia level Nonsarcopenia: 68 (68%) Nonsarcopenia: 80 (61.1%) Nonsarcopenia: 23 (48.9%) p =0.089

Sarcopenia: 26 (26%)
Severe sarcopenia: 6 (6%)

Sarcopenia: 44 (33.6%)
Severe sarcopenia: 7 (5.3%)

Sarcopenia: 17 (36.2%)
Severe sarcopenia: 7 (14.9%)

Abbreviations: KCL: Kihon checklist; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass

index; SMI: skeletal muscle index. * The value was derived from the 4-m walking speed test.

Table 2. Logistic regression analysis for factors associated with prefrailty.

Crude Model
Odds Ratio 95% CI p-Value
30 s sit-to-stand test 0.899 0.847-0.954 <0.001
2.44 m sit-to-walk test 1.293 1.150-1.454 <0.001
Walking speed 0.090 0.029-0.279 <0.001
Adjusted Model 1 *
Odds Ratio 95% CI p-Value
30 s sit-to-stand test 0.961 0.898-1.029 0.255
2.44 m sit-to-walk test 1.175 1.016-1.359 0.03
Walking speed 0.372 0.088-1.584 0.181
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Table 2. Cont.

Adjusted Model 2 **
Odds Ratio 95% CI p-Value
30 s sit-to-stand test 0.961 0.897-1.031 0.961
2.44 m sit-to-walk test 1.141 0.981-1.326 0.087
Walking speed 0.542 0.122-2.407 0.421

* Model 1 was adjusted for 30 s sit-to-stand test, 2.44 m sit-to-walk test, and walking speed. ** Model 2 was
adjusted for 30 s sit-to-stand test, 2.44 m sit-to-walk test, walking speed, age, and body fat percentage.

4. Discussion

The results of this study reveal a significant association between lower limb functional
capacity and prefrailty among community-dwelling older adults in Taiwan. The findings
emphasize the crucial role of lower limb muscle strength, endurance, and walking speed
in distinguishing between different levels of frailty. Participants in the robust group
demonstrated markedly superior performance in the 30 s sit-to-stand test, 2.44 m sit-to-
walk test, and walking speed compared with their counterparts in the prefrail and frail
groups. These results suggest that lower limb function may serve as a pivotal indicator
in assessing the degree of frailty in older individuals. Batista et al. found that lower limb
muscle strength was significantly associated with frailty in the elderly [16], and their results
were further supported by Shah et al., who found a moderate correlation between frailty
and functional lower extremity strength in community-dwelling older adults [17]. This
relationship was confirmed by another study which extended the findings to cognitive
frailty, with lower extremity function tests such as the 6 min walk test, timed up and
go test, and five times sit-to-stand test being potential predictors of cognitive frailty [18].
These findings collectively suggest that lower limb function, including muscle strength
and endurance, may play a crucial role in the development and progression of frailty in
the elderly.

In this study, we used two different assessment tools to evaluate the walking speed
of the participants. In particular, the 2.44 m sit-to-walk test was a stronger predictor
of prefrailty physical fitness performance. In addition, walking speed was a significant
predictor of frailty levels according to the KCL criteria. Walking speed <0.8 m/s has been
suggested to be an early indicator of frailty among older adults [19]. In addition, Ritt et al.
reported that reduced walking speed was significantly associated with frailty status across
different frailty measures [20].

According to adjusted model 2 in this study, which incorporated age and body compo-
sition, the predictive ability of the physical fitness indicators for prefrailty may have been
attenuated. Recent studies have consistently shown that aging is also associated with a
decline in walking speed and that this decline is influenced by a range of factors including
subjective age [21], lower extremity impairment, and physical inactivity. However, several
studies demonstrated that leg extensor power, standing balance, and physical activity
were the most significant factors associated with this decline in older community-dwelling
adults [22,23]. These studies illustrate that aging can significantly impact walking speed,
lower limb muscle strength, and standing balance. As individuals grow older, their physi-
cal capacity naturally declines, which may confound the associations observed between
prefrailty and various measures of functional performance. Consequently, age serves
as a crucial covariate when examining the relationship between prefrailty and physical
fitness indicators.

Our study contributes to the global research landscape on frailty prevention and
management among older adults, notably by being the first to comprehensively examine
the relationship between physical fitness indicators and KCL scores in Taiwan. While inter-
national studies have extensively explored frailty, the relationship between comprehensive
physical fitness assessments and the KCL has remained largely unexplored in Taiwan. Our
research aligns with and extends the findings of several key international studies. For
instance, Imai et al.’s work on factors maintaining physical function in Japan underscores
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the importance of early intervention [6], a principle our study reinforces in the Taiwanese
population. Tsuji et al.’s study revealed that participation in specific types of group sports
and exercises, such as hiking, walking, and tennis, was associated with significant preven-
tion of frailty score increases over a 3-year period. Their findings demonstrated that the
effectiveness of group activities in preventing frailty varies depending on the type of sport
or exercise, with some activities showing stronger associations with frailty prevention for
both men and women [24] Our study mirrors Ohashi et al.’s five-year study on frailty preva-
lence using the KCL in Japan, enabling valuable cross-cultural comparisons and validating
the KCL's applicability across different Asian populations [25]. Furthermore, Hayashi
et al.’s research on community-based group resistance exercises in Japan resonates with
our findings, particularly in demonstrating how sustained physical activity engagement
can delay frailty onset [26]. Uniquely, our study is the first in Taiwan to comprehensively
examine the correlation between a wide range of physical fitness assessments and KCL
scores. This novel approach not only fills a critical research gap in Taiwan but also enriches
the global understanding of frailty prevention strategies. By providing Taiwan-specific
insights and integrating them with international findings, our research contributes to a
more nuanced, culturally informed approach to frailty prevention and management in
diverse aging populations.

The physical fitness indicators associated with each frailty group identified in this
study not only provide insights into the characteristics of frailty but also offer valuable
metrics for monitoring the outcomes of interventions, particularly exercise-based programs.
These indicators, such as the 30 s sit-to-stand test, 2.44 m sit-to-walk test, and walking
speed, can serve as practical and measurable outcomes to assess the effectiveness of exercise
interventions aimed at preventing or mitigating frailty. By regularly evaluating these
parameters, healthcare providers and researchers can track the progress of individuals
transitioning between frailty categories and adjust interventions accordingly. This approach
allows for a more personalized and targeted strategy in managing frailty among community-
dwelling older adults.

Exercise interventions have shown significant promise in improving physical function
and delaying or even reversing frailty in older adults. Resistance training, in particular,
has emerged as an effective strategy to enhance muscle strength, physical fitness, and
metabolic health in prefrail and frail elderly populations. The studies by Lai et al. and Talar
et al. demonstrate that resistance exercise programs can lead to improvements in lower
limb muscle strength, walking speed, balance, and overall physical performance [27,28].
Furthermore, as shown by Lai et al.’s dose-response study, both the intensity and volume
of resistance training play crucial roles in determining the magnitude of these benefits [29].
Our research builds upon these findings by examining the relationship between physical fit-
ness indicators and frailty classification using the Kihon Checklist in Taiwanese older adults.
By identifying specific physical fitness parameters strongly associated with prefrailty and
frailty, our study provides valuable insights for designing targeted exercise interventions.
These results can guide healthcare professionals in developing more effective, personalized
resistance training programs that address the unique needs of prefrail and frail older adults.
Future interventions based on our findings may focus on improving key indicators such
as lower limb strength and gait speed, potentially leading to more efficient strategies for
preventing and managing frailty in the aging population.

This study has several limitations. First, the findings may be limited due to the
sample characteristics. As participants were recruited from community health hubs, they
may represent a relatively healthy and motivated subgroup of the elderly population.
Future research should aim to include a more diverse sample that better represents the
broader spectrum of older adults in Taiwan. Second, the cross-sectional design of the
study precludes any causal inferences about the relationships among lower limb function,
walking speed, and frailty status. Longitudinal studies are needed to explain the temporal
sequence and potential bidirectional associations among these variables.
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Despite these limitations, our findings provide valuable insights into the importance of
lower limb function and walking speed in the context of assessing frailty among community-
dwelling older adults in Taiwan. Our findings further underscore the need for early
screening and targeted interventions to maintain functional capacity and prevent or delay
the progression of frailty. Researchers, healthcare professionals, and policymakers should
prioritize the development and implementation of effective health promotion strategies
that focus on enhancing lower limb strength, endurance, and mobility in older adults,
ultimately promoting their overall well-being and quality of life.

5. Conclusions

In this preliminary investigation, we found a significant correlation between perceived
frailty among community-dwelling older adults and lower limb functional capacity. The
results highlight the importance of lower limb function in distinguishing between different
frailty levels, as the robust group outperformed the prefrail and frail groups in the 30 s
sit-to-stand test, 2.44 m sit-to-walk test, and walking speed. The current study holds signifi-
cant importance in the field of geriatric research, particularly in the context of the rapidly
aging population in Taiwan. By employing a comprehensive approach combining the KCL
and a diverse array of physical fitness assessments, this study provides a unique and multi-
dimensional perspective on frailty among community-dwelling older adults. Focusing on
early detection, comprehensive assessments, and personalized interventions that promote
physical function and overall well-being can help to achieve healthy aging and improve the
quality of life for older adults in Taiwan and beyond. This study serves as a foundation for
future research and underscores the importance of adopting a holistic, multidisciplinary
approach to understanding and managing frailty in the elderly population.

Author Contributions: Conceptualization, C.-C.C. and I.-C.L.; methodology, W.-C.H. and Y.-H.W.;
validation, P.-Y.Y. and E-Y.L.; formal analysis, C.-C.C.; investigation, C.-C.C. and I.-C.L.; resources,
W.-C.H,; data curation, C.-C.C. and I.-C.L.; writing—original draft preparation, C.-C.C., P-Y.Y. and
L-C.L.; writing—review and editing, P-Y.Y.; supervision, I.-C.L.; project administration, I.-C.L.;
funding acquisition, C.-C.C. and L-C.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Asia University Hospital, grant number 11151010.

Institutional Review Board Statement: The study design was approved by China Medical University
& Hospital REC on 16 July 2022. All the data collection was conducted according to the protocol
CMUH111-REC3-110 in Asia University Hospital.

Informed Consent Statement: Participants were enrolled from the Asia University Hospital health
examination center. All the data collection with Informed consent was obtained from all patients.

Data Availability Statement: Participants were enrolled from the Asia University Hospital health
examination center. The data presented in our study are available on request from the first and
corresponding author. The data are not publicly available due to limitations in obtaining approval
from the IRB for the disclosure of data. If anyone requires the data of this study, please contact the
corresponding author.

Acknowledgments: The authors appreciate Shang-Yu Yang and Jiun-Yi Wang of the Department of
Healthcare Administration of Asia University and Chi-Yao Lu and Wei-Hsiu Liu of the Department
of Community Nurse for their assistance in preparing this research.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Espinoza, S.; Walston, J.D. Frailty in older adults: Insights and interventions. Clevel. Clin. ]. Med. 2005, 72, 1105-1112. [CrossRef]

2. Vermeiren, S.; Vella-Azzopardi, R.; Beckwée, D.; Habbig, A.K,; Scafoglieri, A.; Jansen, B.; Bautmans, I. Frailty and the Prediction
of Negative Health Outcomes: A Meta-Analysis. J. Am. Med. Dir. Assoc. 2016, 17, 1163.e1-1163.e17. [CrossRef]

3. O’Caoimbh, R.; Sezgin, D.; O’'Donovan, M.R.; Molloy, D.W.; Clegg, A.; Rockwood, K.; Liew, A. Prevalence of frailty in 62 countries
across the world: A systematic review and meta-analysis of population-level studies. Age Ageing 2021, 50, 96-104. [CrossRef]


https://doi.org/10.3949/ccjm.72.12.1105
https://doi.org/10.1016/j.jamda.2016.09.010
https://doi.org/10.1093/ageing/afaa219

Medicina 2024, 60, 1231 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Faroogqi, M.; Papaioannou, A.; Bangdiwala, S.; Rangarajan, S.; Leong, D. How regional versus global thresholds for physical
activity and grip strength influence physical frailty prevalence and mortality estimates in PURE: A prospective multinational
cohort study of community-dwelling adults. BM] Open 2023, 13, e066848. [CrossRef]

National Development Council. Population Projections for Republic of China. Available online: https://pop-proj.ndc.gov.tw /
Custom_Fast_Statistics_Search.aspx?n=7&sms=0&d=G04&m=67 (accessed on 25 July 2024).

Imai, N.; Yoda, T.; Horigome, Y.; Murakami, R.; Wakasugi, M.; Fujii, T.; Ohashi, M.; Kawashima, H. Determining factors that
maintain physical function or increase frailty using the Kihon checklist among community-dwelling older adults: A six-year
longitudinal study in Agano, Japan. BMC Geriatr. 2023, 23, 336. [CrossRef]

Watanabe, D.; Yoshida, T.; Watanabe, Y.; Yamada, Y.; Miyachi, M.; Kimura, M. Validation of the Kihon Checklist and the frailty
screening index for frailty defined by the phenotype model in older Japanese adults. BMC Geriatr. 2022, 22, 478. [CrossRef]
Hsieh, Y.-H. Senior Frailty Scale: Development the Kihon Checklist Chinese Version and Examine It’s Reliability and Validity.
Available online: https://hdl.handle.net/11296/x3483x (accessed on 25 July 2024).

Esenkaya, M.E.; Dokuzlar, O.; Soysal, P.; Smith, L.; Jackson, S.E.; Isik, A.T. Validity of the Kihon Checklist for evaluating frailty
status in Turkish older adults. Geriatr. Gerontol. Int. 2019, 19, 616-621. [CrossRef]

Sewo Sampaio, P.Y.; Sampaio, R.A.; Yamada, M.; Ogita, M.; Arai, H. Validation and translation of the Kihon Checklist (frailty
index) into Brazilian Portuguese. Geriatr. Gerontol. Int. 2014, 14, 561-569. [CrossRef]

Sentandreu-Marnio, T.; Cezon-Serrano, N.; Cebria, LLM.A.; Tortosa-Chulia, M.A.; Tomas, ].M.; Salom Terradez, ].R.; Balasch-Bernat,
M. Kihon Checklist to assess frailty in older adults: Some evidence on the internal consistency and validity of the Spanish version.
Geriatr. Gerontol. Int. 2021, 21, 262-267. [CrossRef]

Satake, S.; Shimokata, H.; Senda, K.; Kondo, I.; Toba, K. Validity of Total Kihon Checklist Score for Predicting the Incidence of
3-Year Dependency and Mortality in a Community-Dwelling Older Population. J. Am. Med. Dir. Assoc. 2017, 18, 552.e1-552.€6.
[CrossRef]

Satake, S.; Senda, K.; Hong, Y.J.; Miura, H.; Endo, H.; Sakurai, T.; Kondo, I.; Toba, K. Validity of the Kihon Checklist for assessing
frailty status. Geriatr. Gerontol. Int. 2016, 16, 709-715. [CrossRef]

Watanabe, R.; Tsuji, T.; Ide, K.; Noguchi, T.; Yasuoka, M.; Kamiji, K.; Satake, S.; Kondo, K.; Kojima, M. Predictive validity of the
modified Kihon Checklist for the incidence of functional disability among older people: A 3-year cohort study from the JAGES.
Geriatr. Gerontol. Int. 2022, 22, 667-674. [CrossRef]

Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y;; lijima, K,; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. |. Am. Med. Dir. Assoc. 2020, 21,
300-307.e302. [CrossRef]

Batista, F.S.; Gomes, G.A.; Neri, A.L.; Guariento, M.E.; Cintra, FA.; Sousa Mda, L.; D’Elboux, M.]. Relationship between
lower-limb muscle strength and frailty among elderly people. Sao Paulo Med. ]. 2012, 130, 102-108. [CrossRef]

Shah, H.S.; Thakrar, G.N. Correlation of Frailty, Functional Lower Extremity Strength and Mobility in Community Dwelling
Older Adults. Int. J. Health Sci. Res. 2022, 12, 205-211. [CrossRef]

Kim, G.M,; Kim, B.K;; Kim, D.R; Liao, Y.; Park, ].H.; Park, H. An Association between Lower Extremity Function and Cognitive
Frailty: A Sample Population from the KFACS Study. Int. |. Environ. Res. Public Health 2021, 18, 1007. [CrossRef]

Castell, M.V.; Sanchez, M.; Julidn, R.; Queipo, R.; Martin, S.; Otero, A. Frailty prevalence and slow walking speed in persons age
65 and older: Implications for primary care. BMC Fam. Pract. 2013, 14, 86. [CrossRef]

Ritt, M.; Schiilein, S.; Lubrich, H.; Bollheimer, L.C.; Sieber, C.C.; Gaimann, K.G. High-Technology Based Gait Assessment in
Frail People: Associations between Spatio-Temporal and Three-Dimensional Gait Characteristics with Frailty Status across Four
Different Frailty Measures. |. Nutr. Health Aging 2017, 21, 346-353. [CrossRef]

Stephan, Y.; Sutin, A.R.; Terracciano, A. “Feeling younger, walking faster”: Subjective age and walking speed in older adults. Age
2015, 37, 86. [CrossRef]

Sallinen, J.; Méanty, M.; Leinonen, R.; Kallinen, M.; Tormékangas, T.; Heikkinen, E.; Rantanen, T. Factors associated with maximal
walking speed among older community-living adults. Aging Clin. Exp. Res. 2011, 23, 273-278. [CrossRef]

Hernandez-Guillén, D.; Tolsada-Velasco, C.; Roig-Casasus, S.; Costa-Moreno, E.; Borja-de-Fuentes, I.; Blasco, ]. M. Association
ankle function and balance in community-dwelling older adults. PLoS ONE 2021, 16, e0247885. [CrossRef] [PubMed]

Tsuji, T.; Kanamori, S.; Watanabe, R.; Yokoyama, M.; Miyaguni, Y.; Saito, M.; Kondo, K. Do changes in the frailty score differ
by the type of group sports and exercises participated in? A 3-year longitudinal study. Eur. Rev. Aging Phys. Act. 2024, 21, 8.
[CrossRef] [PubMed]

Ohashi, M.; Yoda, T.; Imai, N.; Fujii, T.; Watanabe, K.; Tashi, H.; Shibuya, Y.; Watanabe, ].; Endo, N. Five-year longitudinal study
of frailty prevalence and course assessed using the Kihon Checklist among community-dwelling older adults in Japan. Sci. Rep.
2021, 11, 12399. [CrossRef] [PubMed]

Hayashi, C.; Toyoda, H.; Ogata, S.; Okano, T.; Mashino, S. Long-term participation in community-based group resistance exercises
delays the transition from robustness to frailty in older adults: A retrospective cohort study. Environ. Health Prev. Med. 2021,
26, 105. [CrossRef] [PubMed]

Lai, X,; Bo, L.; Zhu, H.; Chen, B.; Wu, Z.; Du, H.; Huo, X. Effects of lower limb resistance exercise on muscle strength, physical
fitness, and metabolism in pre-frail elderly patients: A randomized controlled trial. BMC Geriatr. 2021, 21, 447. [CrossRef]
[PubMed]


https://doi.org/10.1136/bmjopen-2022-066848
https://pop-proj.ndc.gov.tw/Custom_Fast_Statistics_Search.aspx?n=7&sms=0&d=G04&m=67
https://pop-proj.ndc.gov.tw/Custom_Fast_Statistics_Search.aspx?n=7&sms=0&d=G04&m=67
https://doi.org/10.1186/s12877-023-04055-1
https://doi.org/10.1186/s12877-022-03177-2
https://hdl.handle.net/11296/x3483x
https://doi.org/10.1111/ggi.13678
https://doi.org/10.1111/ggi.12134
https://doi.org/10.1111/ggi.14126
https://doi.org/10.1016/j.jamda.2017.03.013
https://doi.org/10.1111/ggi.12543
https://doi.org/10.1111/ggi.14439
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1590/S1516-31802012000200006
https://doi.org/10.52403/ijhsr.20220329
https://doi.org/10.3390/ijerph18031007
https://doi.org/10.1186/1471-2296-14-86
https://doi.org/10.1007/s12603-016-0764-4
https://doi.org/10.1007/s11357-015-9830-9
https://doi.org/10.1007/BF03337753
https://doi.org/10.1371/journal.pone.0247885
https://www.ncbi.nlm.nih.gov/pubmed/33661991
https://doi.org/10.1186/s11556-024-00342-x
https://www.ncbi.nlm.nih.gov/pubmed/38504171
https://doi.org/10.1038/s41598-021-91979-6
https://www.ncbi.nlm.nih.gov/pubmed/34117326
https://doi.org/10.1186/s12199-021-01028-x
https://www.ncbi.nlm.nih.gov/pubmed/34670491
https://doi.org/10.1186/s12877-021-02386-5
https://www.ncbi.nlm.nih.gov/pubmed/34330211

Medicina 2024, 60, 1231 11 of 11

28. Talar, K.; Hernandez-Belmonte, A.; Vetrovsky, T.; Steffl, M.; Katamacka, E.; Courel-Ibafiez, J. Benefits of Resistance Training in
Early and Late Stages of Frailty and Sarcopenia: A Systematic Review and Meta-Analysis of Randomized Controlled Studies.
J. Clin. Med. 2021, 10, 1630. [CrossRef]

29. Lai, X.; Zhu, H.; Wu, Z,; Chen, B.; Jiang, Q.; Du, H.; Huo, X. Dose-response effects of resistance training on physical function in
frail older Chinese adults: A randomized controlled trial. ]. Cachexia Sarcopenia Muscle 2023, 14, 2824-2834. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm10081630
https://doi.org/10.1002/jcsm.13359

	Introduction 
	Materials and Methods 
	Muscle Strength and Endurance Tests 
	Walking Speed Tests 
	Flexibility Tests 
	Kihon Checklist (KCL) 
	Diagnosis of Sarcopenia 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

