10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Title
Weak hip flexor strength predicts progression of functional capacity decline due to locomotor system dysfunction

in community-dwelling older adults: A longitudinal cohort study

Running Title

Progression of locomotive dysfunction and physical function

Author names
Tome Ikezoe'?, Tadao Tsuboyama'=, Yasuharu Tabara*, Fumihiko Matsuda®*, Noriaki Ichihashi', on behalf of the

Nagahama Study group.

Affiliations

1. Huoman Health Sciences, Graduate School of Medicine, Kyoto University, Kyoto, Japan
53 Shogoin-Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan

2. Faculty of Rehabilitation, Kansai Medical University, Osaka, Japan

3. School of Health Sciences, Bukkyo University, Kyoto, Japan

4. Center for Genomic Medicine, Kyoto University Graduate School of Medicine, Kyoto, Japan

Corresponding author

Tome Ikezoe

Human Health Sciences, Graduate School of Medicine, Kyoto University, Kyoto 606-8507, Japan
53 Kawara-cho, Shogoin, Sakyo-ku, Kyoto, Japan

Tel: +81-75-751-3967

Fax: +81-75-751-3909

Email: ikezoet@makino.kmu.ac.jp


mailto:ikezoet@makino.kmu.ac.jp

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

ABSTRACT

Purpose: It is critical to determine the risk factors for activities of daily living (ADL) disability caused by
locomotor dysfunction. However, no longitudinal study has investigated the association between disability due to
locomotive dysfunction and multidimensional factors. Therefore, we investigated the relationship between the
progression of functional capacity decline due to locomotive dysfunction and multiple physical functions among
older adults in a longitudinal study.

Methods: The participants comprised of 433 community-dwelling older adults. Physical function was assessed at
baseline, which included handgrip strength, maximal isometric strength of hip flexion, hip extension, hip
abduction, knee extension, toe flexion ( index for muscle strength), the 5-time chair—stand test (index for muscle
power), the one-legged stance and timed ““Up & Go’ tests (index for balance function), the 30-s stair test (index
for muscle endurance), and range of motion (ROM) (an index of joint condition). Functional capacity decline due
to locomotive dysfunction was assessed using the 25-question Geriatric Locomotive Function Scale (GLFS-25)
before and after a 12-month period. Based on changes in the GLFS-25 score compared with baseline, the non-
decline and decline groups were operationally defined. Logistic regression analyses with the groups as the
dependent variable and physical function as independent variables were performed.

Results: Of the 433 participants, 189 (43.6%) were included in the decline group. Logistic regression analysis
revealed hip flexor strength as a primary determinant in the progression of functional capacity decline.
Conclusion: These results suggest that among physical functions, hip flexor strength influences the progression of

disability resulting from locomotive dysfunction in older adults.

KEYWORDS

Aging; Locomotive dysfunction; Physical function; Muscle strength; Balance function
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1. INTRODUCTION

Age-related functional deterioration in locomotive organs, such as bones, joints, and muscles, is one of the
major issues that result in disability in performing daily activities. This leads to an increase in the number of older
adults requiring nursing care (Nakamura, 2008). Several studies have shown that activities of daily living (ADL)
disability caused by locomotive organ disorders are also related to the risk of falls (Akahane et al., 2016; Kimura,
2018). Therefore, prevention of the decline in mobility and muscle function resulting from problems related to
the locomotive system is the most important concern for prolonging healthy life expectancy in older adults.

The 25-question Geriatric Locomotive Function Scale (GLFS-25) is a screening tool for the early detection
of conditions under which older adults will need nursing care in the near future due to functional deterioration in
locomotive organs. The GLFS-25 is a self-administered measurement tool that consists of 25 items regarding pain,
ADL, social activities, and mental health (Seichi et al., 2012). Several studies have demonstrated the relationship
between disabilities in ADL due to functional deterioration assessed using the GLFS-25 and motor functions, such
as skeletal muscle strength and balance function. In fact, balance function and physical performance, such as the
one-legged stance test (OLST), timed ““Up & Go’’ (TUG) test, and walking speed, have been identified as
predictors of subsequent disability in ADL assessed by the GLFS-25 in older adults (Ikemoto et al., 2016;
Kobayashi et al., 2019a; Muramoto et al., 2012, 2013; Nakamura et al., 2015). With regards to skeletal muscle
strength, weakness of lower limb muscles, hand grip, and trunk extensor strength are also considered to be major
risk factors for ADL disability (Ikemoto et al., 2016; Kobayashi et al., 2019b, 2020; Nakamura et al., 2015).

LR T

The frequency of activity limitations is high in walking-related activities (“walking briskly,” “walking a
long distance,” and “going up and down stairs) in older adults with a mild level of mobility disability (Akai et al.,
2016). In addition, mobility disabilities restrict social activities. It has been pointed out that a decrease in lower
extremity function, especially in lower extremity muscle function, is associated with a greater risk for developing
mobility dysfunction. Walking speed has been shown to be more closely associated with hip flexion or abduction
muscle strength than with knee extension strength in older adults (Inoue et al., 2017; Iwaya et al., 2017). In
addition, previous studies concluded that not only a decrease in muscle strength, but also in muscle power and
endurance, caused a decline in the ability to perform daily activities (Bohannon, 1997; Guralnik et al., 1995; Kuo
et al., 2006; Roshanravan et al., 2017). However, only a few studies have addressed the association between
disability in ADL or restriction in social activity due to locomotive dysfunction and various lower imb muscle

functions, including the hip muscle.

To develop intervention strategies to prevent a decline in the ability to perform ADL and social activity, it
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is necessary to investigate the relationships between functional disabilities due to locomotive organ dysfunction
and multiple physical functions, thereby determining the risk factors for the occurrence and progression of
functional deterioration due to locomotive dysfunction. However, to the best of our knowledge, no longitudinal
study has investigated the association between future functional deterioration due to locomotive dysfunction and
multidimensional factors involved in physical function in older adults. Therefore, this longitudinal study aimed to
investigate the relationship between progression of functional capacity decline due to locomotive dysfunction
assessed using the GLFS-25 and multidimensional factors involved in physical function, such as muscle strength
(handgrip, hip flexion, extension, and abduction; knee extension; and toe grip strength), muscle power, muscle
endurance, balance function , and range of motion (ROM) of the knee joint among community-dwelling older
adults in a longitudinal study.

The purpose of the present study was to determine the risk factors for the progression of functional
deterioration due to locomotive dysfunction. We hypothesized that the decline in physical function, especially

lower extremity muscle function, was the primary determinant for future functional deterioration.

2. METHODS
2.1. Participants

Data were obtained from the second-visit dataset of the Nagahama Prospective Cohort for Comprehensive

Human Bioscience (the Nagahama Study) between 2013 and 2017 (n = 9,850), annually carried out in
Nagahama City, arural area of the Shiga Prefecture of Japan. The details of participant recruitment have been
described elsewhere (Tabala et al., 2018). Among the 5018 participants aged 60 years or older, 2121 participated
in an optional physical examination. Of the 2,121 participants between 2013 and 2017, a follow -up investigation
of the 25-question Geriatric Locomotive Function Scale (GLFS-25) after 12 months was conducted only for
individuals who participated in the physical examination in 2014 (n=520). We excluded participants with missing
data in the follow-up investigation of the GLFS-25 after 12 months (n = 75). In addition, the exclusion criteria of
this study were as follows: 1) a recent history of orthopedic surgery on the spine and limbs; 2) incomplete
measurement of physical function due to physical dysfunction, such as severe musculoskeletal and acute
neurological impairments; 3) complaints of pain and fatigue during measurements of physical function; 4)
inability to walk or climb a 30-cm stair without assistive devices; and 5) communication problems due to

cognitive impairments that affected the measurements. We excluded participants with incomplete measurements
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due to severe musculoskeletal impairments (n=4), complaints of lower limb pain and fatigue during the
measurements (n = 5), and lack of physical function data (n=3). Complete data were available for 433 older
adults (140 men, 293 women, aged 67.2+5.00 years; mean height, 157.1+8.11 cm; mean body mass, 56.3+9.59
kg), all of which were used for the data analysis (Fig. 1). All study procedures were approved by the Ethics
Committee of the Kyoto University Graduate School of Medicine (G278) and by the Nagahama Municipal
Review Board. The participants were informed about the study procedures before testing and provided written

informed consent before participation.

2.2. Experimental protocol

The baseline physical function was assessed, including handgrip strength, maximal isometric strength of
hip flexion, hip extension, hip abduction, knee extension, toe flexion (an index of muscle strength), 5-time chair
stand test (an index for muscle power), OLST (an index for balance function), TUG test (an index for mobility and
balance function), 30-s stair test (an index for muscle endurance), and the ROM of knee flexion and knee
extension (an index of joint condition). Functional deterioration due to locomotive dysfunction was assessed using
the GLFS-25 (Seichi et al., 2012) before and after a 12-month period. The participants were classified into two
groups (decline group or non-decline group) based on changes in the GLFS-25 score compared with baseline.
Logistic regression analyses with the dependent variable as the groups and the independent variables of physical
function were performed to determine the association between functional deterioration due to locomotive

dysfunction and physical function.

2.3. Measurement of physical function

Physical function was assessed at baseline, which included handgrip strength, maximal isometric strength
of hip flexion, hip extension, hip abduction, knee extension, and toe flexion, the 5-time chair—stand test (5CST),
OLST, TUG test, 30-s stair test, and ROM of knee flexion and extension. Physical function was measured by a
well-trained examiner for each measurement method.

Handgrip strength was measured alternately using a standard digital grip dynamometer (Grip-D; Takei
Scientific Instrument Co., Ltd., Niigata, Japan, or YD, TTM, Tokyo, Japan) in a sitting position. The
measurements were performed twice for each hand with the elbow extended and the arm position vertical to the
ground, and the maximum value of all measurements was used for the analysis (Tabara et al., 2020).

Lower-limb muscle strength was determined by measuring the maximal isometric strength of hip flexion,
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hip extension, hip abduction, knee extension, and toe flexion. All measurement protocols including measurement
position and device were based on our previous study (Inoue et al., 2017), which indicated a high degree of
reproducibility in measuring muscle strength in a pilot study. A systematic review (Mijnarends et al., 2013) also
showed high reliability and validity for measuring lower limb muscle strength using a hand-held dynamometer.
Muscle strength in the right leg was measured twice after the pre-measurement trial, and the maximum value of
the two measures was used for analysis. Maximal isometric strength was measured using the dynamometer only
after the participants were familiarized with maximal isometric contraction by pre-measurement trials. A resting
period was provided between the two measurements of strength, taking fatigue into consideration. The muscle
strength of hip flexion was measured in a sitting position with the hip flexed at 90°and the knee flexed at 90°
using a hand-held dynamometer (HHD) (Hand-held dynamometry Mobie, Sakai Iryou Co., Ltd. Tokyo, Japan).
The HHD sensor was applied to the distal side of the anterior surface of the thigh. The muscle strength of hip
abduction was measured in the supine position with the hip and knee fully extended and the hip positioned at
neutral abduction using the HHD (HHD; Mobie, Sakai Iryou Co., Ltd. Tokyo, Japan). The HHD sensor was
applied 5 cm proximal to the lateral malleolus. The muscle strength of the hip extension was measured using a
specialized dynamometer (Locomoscan, Alcare Co., Ltd. Tokyo, Japan). The participants were placed in a long
sitting position with their hips fixed by a belt to maintain a hip joint position of 70° flexion. A force sensor of the
dynamometer was placed in the popliteal region. The participants were asked to press their thighs against the
sensor with maximum force. The muscle strength of knee extension was measured using a dynamometer
(Musculater, OG Giken Co., Okayama, Japan) with the participants in a sitting position with their hip and knee
flexed at 90°. The dynamometer sensor was placed at 25 cm distal to the knee joint. The hip flexion, hip
extension, hip abduction, and knee extension strength values were converted into torque (Nm) by multiplying the
values by lever arm length (m) and then normalizing the torque to their weight (Nm/kg). Toe flexion strength was
measured using a specialized device (Takei Kiki Co., Niigata, Japan) with the participants in a sitting position
with their hip and knee flexed at 90° and ankle joint in a neutral position. The ankle joint was attached to the
device by a belt, and the interphalangeal joints of the toes were aligned to cross the toe grip bar of the sensor.
The SCST was used to represent muscle power. The time required to stand five times from a standard chair
without using the upper extremities was measured once according to a previously described method (Guralnik et
al., 1994). The participants were asked to rise to a full standing position and then return to the seated position as
quickly as possible. Timing began when the examiner said "Go" and stopped when the participants ’ buttocks

touched the chair on the fifth repetition. The chairs used were all 42 cm in height.
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OLST with eyes open was used to determine the balance function. OLST on either leg, as determined by
the individual, was measured using a digital stopwatch for a maximum time of 60 seconds, based on previous
studies examining the association between the GLFS-25 score and OLST (Muramoto et al, 2013, Nakamura et al,
2015). The trial was performed twice, and the maximum value was used for analysis. The TUG test was developed
as a test of mobility in frail older people (Podsiadlo & Richardson, 1991) and consists of multidimensional
components including getting up from a chair, walking, turning, returning to the chair, and sitting down. The TUG
test performed at a maximum pace is a useful measurement for identifying older adults at risk of falls (Sai et al.,
2010, Shumway-Cook et al.,2000). For the TUG test, the participant was instructed to stand up from a sitting
position from an armless chair, walk a distance of 3 m, turn, walk back to the chair, and sit down at a maximum
pace (Sai et al., 2010, Shumway-Cook et al.,2000). Participants performed the TUG test once but were allowed to
repeat the test if they did not complete the first test correctly. The time was measured from the start until the
participant sat down on the chair.

The 30-s stair test was used as an index of muscle endurance. The 30-s stair test measured the total number
of steps within 30 s using a 30 cm height step (Araki et al., 2016). The starting position was the position at which
the right foot was placed on the step. The subject was asked to step up their left foot onto the step and then return
to the starting position as rapidly as possible. The test was performed once at maximum speed.

The ROM of knee flexion and extension in the right leg was measured using a goniometer. The ROM of
knee flexion was measured in the supine position with the hip flexed, while the ROM of knee extension was
measured in the supine position with the hip extended. The knee was passively flexed or extended by the examiner

to the maximum angle at which there was no discomfort or pain.

2.4. Assessment of functional deterioration due to locomotive dysfunction

Functional deterioration due to locomotive dysfunction was assessed using the GLFS-25 before and after
12 months. The GLFS-25, whose validity and reliability have been confirmed (Seichi et al., 2012, 2014), is a
relatively comprehensive measurement tool. The GLFS-25 is a self-administered measurement tool that consists
of 25 items that include four questions regarding pain, 16 questions regarding basic ADL (such as standing,
walking indoors, and taking a bath) and instrumental ADL (such as using public transportation and performing
housework), three questions regarding social function (such as joining social activities and performing sports
activities), and two questions regarding mental health (e.g., feeling anxious and fear of falls) during the last

month. Each of the 25 items was scored from 0 (no impairment) to 4 (severe impairment). The maximum score is
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100 points, and a higher score represents a poor locomotive function.

We calculated the change in the GLFS-25 score over a period of 12 months. A large score reflects a
worsening of the locomotive dysfunction. According to the change in the GLFS-25 score over a period of 12
months, the participants were classified into two groups (decline group or non-decline group). The non-decline
and decline groups were operationally defined based on the quartiles of the change in the GLFS-25 score. The
upper quartiles of Q1 and Q2 (i.e., a decrease in the GLFS-25 score > 0) were defined as the non-decline group.

The lower quartiles of Q4 and QS5 (i.e., an increase in the GLFS-25 score > 2) were defined as the decline group.

2.5. Covariates

Body height and weight were converted into body mass index (BMI, kg/m?). Depressive symptomatology
was evaluated using the 20-item version of the Center for Epidemiological Studies Depression Scale (CES-D;
range 0—60 points) (Kohout et al., 1993; Rushton et al., 2002). Higher scores indicated more severe depressive
symptoms. We used the Japanese version of the CES-D, which has been previously validated in the Japanese

population (Shima et al., 1985).

2. 6. Statistical analysis

All data are presented as the mean + SD. Differences in the GLFS-25 scores between baseline and after 12
months were examined using the paired #-test.

Differences between the decline and non-decline groups were examined using the Mann-Whitney test for
means and Pearson's Chi-square test for proportions. Logistic regression analyses, with the groups as the
dependent variable and age, sex, BMI, CES-D, GLFS-25, total score or each domain score at baseline, and
physical function as the independent variables, were performed to determine the association between future
decline in functional capacity due to locomotive dysfunction and physical function. To identify the differences in
these associations by age, the participants were classified into two subgroups (aged < 65 years vs. > 65 years), and
logistic regression analyses were conducted by adjusting for the covariates.

The level of statistical significance was set at 5%.

3. RESULTS

Table 1 presents the baseline characteristics of the participants. The GLFS-25 score at the 12-month
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follow-up (8.36+10.2) was significantly greater than that at baseline (6.68+8.14). Of the 430 participants, 189
(43.6%) were included in the decline group, with an increase in the GLFS-25 score > 2, and 195 (45.0%) in the
non-decline group, with a decrease in the GLFS-25 score > 0.

The GLFS-25 score at baseline in the non-decline group was significantly greater than that in the decline
group (decline group: 4.96 + 6.58, non-decline group: 9.18 + 9.41). Conversely, the GLFS-25 score at the 12-
month follow-up in the decline group was significantly greater than that in the non-decline group (decline group:
13.7+ 12.2, non-decline group: 4.23 = 5.91). In the decline group, GLFS-25 scores for all domains, especially in

the basic ADL and pain domains increased after 12 months.

Table 2 summarizes the differences between the decline and non-decline groups. Hip flexor strength was
significantly lower in the decline group than in the non-decline group (decline group; 0.80 £+ 0.23 Nm/kg, non-
decline group; 0.87 + 0.23 Nm/kg). There were no significant differences between the two groups in terms of
physical function, except for hip flexor strength.

In the logistic regression analysis for functional capacity decline due to locomotive dysfunction with age,
sex, BMI, and physical function as the independent variables, only hip flexor strength was revealed as a
significant and independent determinant (Table 3). Hip flexor strength remained significant after adjustment for
CES-D score and GLFS-25 total score at baseline in Model 2 (Table 3). The logistic regression analysis with
adjustments for the covariates including each domain of GLFS-25 in Model 3 showed that hip flexion strength, as
well as pain and social function scores were significant and independent determinants.

In the sub-analysis by age, hip flexor strength was revealed as a significant and independent determinant in
participants aged < 65 years, whereas no significant association was observed in participants aged > 65 years

(Table 4).

4. DISCUSSION

In this longitudinal study, we examined the influence of physical function involving muscle strength
(handgrip; hip flexion, extension, and abduction; knee extension; and toe grip strength), muscle power, muscle
endurance, balance function, and range of motion (ROM) of the knee joint on the progression of functional
capacity decline resulting from locomotive dysfunction during the 12-month follow-up period among community-

dwelling older adults. This is the first longitudinal study to show that older adults with weak hip flexor strength
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are at higher risk of developing ADL disability and restricted social activities related to locomotive organs.

Itis a well-known fact that problems related to locomotive organs are the main reasons for ADL disability
and restrictions on social activities in older adults. Therefore, early detection of a decline in mobility resulting
from dysfunction of the locomotive system may be a major potential solution to prevent or delay disability
progression among older adults. In the present study, the GLFS-25 score at the 12-month follow -up was
significantly greater; that is, progression of disability in performing daily and social activities were observed
during the 12-month follow-up period. Furthermore, although the GLFS-25 score at baseline was lower in the
decline group than in the non-decline group, progression of disability was observed in the decline group. The
results suggest the importance of intervention in an earlier stage of the disability process to prevent future
disability, even in high-functional older adults. In addition to our findings, a previous study showed that older
adults with the highest mobility performances at baseline were more likely to show a greater decline in walking
ability than the other groups during the 1-year follow-up period (Yamada et al, 2012). Further longitudinal
research is required as the mechanism of the findings is unclear.

Physical impairments have been shown to be related to ADL disability and restricted social activities due
to locomotive system dysfunction in cross-sectional studies. However, examination of the association of
functional deterioration due to locomotive dysfunction and multiple involvements in physical function in
longitudinal survey data is still insufficient. The current longitudinal study indicated that only hip flexor strength
was a primary predictor of the risk of disability progression caused by locomotive system dysfunction at the 12-
month follow-up in all Models of logistic regression analysis. Our results suggest the usefulness of assessing hip
flexor strength not only for early detection of the risk of future functional dependence for ADL or restriction on
social activities but also for the prevention of the strategies of disability progression in older individuals. Several
studies have shown that physical performance and health characteristics are more strongly associated with lower
extremity muscle strength than upper extremity muscle strength (Bijlsma et al., 2014; Yeung et al., 2018). Our
results indicated that among lower extremity muscle strength (hip flexion, extension, and abduction, knee
extension, and toe grip strength), a decline in hip flexor strength was most strongly associated with the risk of
progression of ADL disability and restricted social activities resulting from locomotive system dysfunction. One
plausible explanation for our finding is that age-related muscle atrophy is greater for the psoas major muscles
among lower limb muscles (ikezoe et al., 2011; Takahashi et al., 2006), thereby decreasing hip flexor strength and
accelerating the process of mobility limitation. Another possible explanation is that the psoas major muscle is

closely related to locomotor capacity, such as walking fast, stair climbing, and running, which causes a functional
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decline in the early stages of aging (Andersson et al., 1997; Kim et al., 2000, 2010; Masuda et al., 2002).
Considering these findings, hip flexor strength may contribute to maintaining locomotor capacity and slowing
down the process of deterioration of disability caused by locomotive system dysfunction among older adults. In
addition, the results of the logistic regression analysis adjusted for the covariates, including each domain of
GLFS-25 at baseline, indicated that the pain and social function scores were also significant predictors of
functional deterioration due to locomotive dysfunction, suggesting that pain and social function, among the
domains of the GLFS-25, have a strong influence on the progression of disability resulting from locomotive
dysfunction.

Our results showed that age and sex were not risk factors for the progression of disability. It is well known
that physical function decreases with aging, and skeletal muscle strength is lower in women than in men. Cross -
sectional examinations also showed that age and gender differences were observed in the GLFS-25 score
(Kobayashi et al., 2019b; Yoshimura et al., 2015). Our findings suggest that the progression of functional capacity
decline due to locomotive dysfunction may not be influenced by age and sex. In addition, the results of the sub-
analysis by age showed that hip flexor strength was a significant predictor of functional deterioration due to
locomotive dysfunction in participants aged < 65 years but not in participants aged > 65 years. The identification
of factors related to ADL disability caused by locomotive dysfunction is required to develop early intervention
programs and prevent disability. Therefore, our findings suggest the usefulness of hip flexor strength for early
intervention programs to prevent disability progression, especially in the relatively young-old age group, such as
those aged 60—65 years.

The results of the sub-analysis in participants aged < 65 years in Model 2 indicated that hip flexor strength,
as well as TUG were significant predictors of functional deterioration due to locomotive dysfunction. Cross-
sectional studies have also shown that TUG scores are closely related to basic and instrumental ADL limitations
(Kim et al., 2010; Shimada et al., 2010) and GLFS-25 scores (Muramoto et al, 2013). To perform the TUG test,
various mobility functions, including getting up from a chair, walking, turning, returning to the seat, and sitting
down, are required. The items of the GLFS-25 also include a decrease in mobility, such as standing and walking.
Thus, the results of our longitudinal study suggest that functional deterioration due to locomotive dysfunction may
be strongly influenced by mobility, which is measured by the TUG test, especially in the relatively young-old age
group, including the participants aged 60—65 years.

Interestingly, our longitudinal study showed that the OLST score was not a risk factor for the progression

of disability due to locomotive organ dysfunction during the 12-month observation period. Poor balance is a well-
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known risk factor for a higher probability of ADL disability. The optimal cut-off time for the OLST for early
identification of mobility disability has been suggested to be 19 s for individuals aged < 70 years (Seichi et al.,
2014). Compared to the cut-off values in previous studies, the participants in the present study had better balance
function at baseline. Their relatively high physical functioning may explain why there was no relationship
between balance function and the progression of disability in the near future.

This study has several limitations. First, as follow-up data on physical function were not obtained in the
present study, we could not conclude about the predictability of future disability caused by locomotive system
dysfunction for future loss of physical function. However, a decline in hip flexor strength seems to be a useful
predictor of a higher risk of future ADL disability in community-dwelling older adults. Second, in the present
study, the decline group was operationally defined based on the quartiles of the change in the GLFS-25 score (i.e.,
an increase in the GLFS-25 score > 2), as meaningful changes in the GLFS-25 score, such as the minimal
detectable change (MDC), were not identified. However, the definition of progression of functional decline based
on MDC could have helped to make our findings more clinically meaningful. Third, since the participants of the
present study were highly functional community-dwelling older adults who were able to complete the physical
function and GLFS-25 measurements, it should be noted that the findings of this study are not generalizable to all
older adults. Finally, this longitudinal study was the short follow-up period of 12 months. In addition, we did not
examine the details of the medication, medical comorbidities, physical activity level, history of falls, cognitive
function, and social status. Additional longitudinal studies with longer duration, including multidimensional
factors, are necessary to clarify the association between future ADL disability due to locomotive dysfunction and

future loss of physical function in older adults.

5. CONCLUSION

We investigated the relationship between future functional capacity decline due to locomotive dysfunction
and physical function among community-dwelling older adults in a longitudinal study. Our results showed that hip
flexor muscle strength was a primary determinant of future functional deterioration due to locomotive
dysfunction, especially in the relatively young-old age group, including participants aged 60—65 years. These
results suggest that among physical functions, hip flexor strength influences the progression of ADL disability and
restricted social activities resulting from dysfunction of the locomotive system. This information will be useful in

identifying the risk of future disability in addressing the issue of nursing care.
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516  Table 1. Characteristics of participants at baseline

Total

(n=433)
Age (year) 67.2+5.00
Sex; Female, n (%) 293 (67.7%)
Height(cm) 157.14£8.11
Mass (kg) 56.3£9.59
BMI (kg/cm?) 22.74£3.06
CES-D (score) 12.1£7.09
GLFS-25 score (score) 6.68£8.14
Handgrip strength (kg) 28.6+8.21
Hip flexion strength (Nm/kg) 0.83+0.24
Hip extension strength (Nm/kg) 1.62+1.53
Hip abduction strength (Nm/kg) 0.76+0.20
Knee extension strength (Nm/kg) 2.04+0.70
Toe flexion strength (kg) 14.9+5.47
5CST (sec) 8.23+2.35
OLST (sec) 44.6+19.3
TUG (sec) 6.44+1.16
30-s stair test (time) 26.0+£6.79
Knee flexion ROM (°) 145.1+£6.32
Knee extension ROM (°) -1.77+4.42

517 Values are presented as mean + standard deviation or number. BMI, body mass index; CES-D, Center for
518 Epidemiologic Studies Depression Scale ; GLFS-25, 25-question Geriatric Locomotive Function Scale; SCST, 5-
519 time chair-stand test; OLST, one-legged stance test; TUG, timed up and go; ROM, range of motion.

520

521
522
523
524
525
526
527
528
529
530

531
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532  Table 2. Differences between decline and non-de cline groups (mean + SD)

Decline group Non-decline group P-value
(n=189) (n=195)
Age (year) 67.3£5.00 67.3£5.16 0.797
Sex; Female, n (%) 113 (65.1) 130 (66.7) 0.094
Height(cm) 157.8+8.43 156.9+8.21 0.277
Mass (kg) 57.6£10.1 55.6+£9.26 0.068
BMI (kg/cm?) 23.1£3.14 22.542.92 0.076
CES-D (score) 11.6+6.95 12.6£7.22 0.174
Handgrip strength (kg) 28.9+8.41 28.6+8.18 0.710
Hip flexion strength (Nm/kg) 0.80+0.23 0.87+0.23* 0.004
Hip extension strength (Nm/kg) 1.51+0.89 1.55+0.86 0.742
Hip abduction strength (Nm/kg) 0.75+0.21 0.77+0.21 0.207
Knee extension strength (Nm/kg) 1.97+0.68 2.10+0.74 0.069
Toe flexion strength (kg) 14.9+5.63 15.1+5.46 0.685
5CST (sec) 8.3242.53 8.24+2.34 0.740
OLST (sec) 44.8+19.4 43.5+19.5 0.508
TUG (sec) 6.58+1.37 6.35+0.98 0.052
30-s stair test (time) 25.4+6.56 26.3+£6.93 0.172
Knee flexion ROM (°) 145.2+5.92 145.1+6.70 0.870
Knee extension ROM (°) -1.55+4.40 -1.98+4.44 0.151

533  *indicates significant difference between decline and non-decline groups (*p<.05).
534  BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale ;5CST, 5-time chair-stand

535 test; OLST, one-legged stance test; TUG, timed up and go; ROM, range of motion.
536

537
538
539
540
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542
543

544

Table 3.  Logistic regression analysis for the locomotive dys function
Model 1 Model 2 Model 3
Odds 95% CI P-value Odds 95% CI P-value Odds 95% CI P-value
ratio ratio ratio

Age (year) 1.01 0.96-1.06 0.728 1.00  0.95-1.05 0.989 1.01 0.95-1.06 0.816
Sex 0.98 0.42-2.27 0.978 0.95 0.41-2.21 0.903 0.98 0.42-2.30 0.972
BMI (kg/cm?) 0.95 0.85-1.06 0.358 0.95 0.85-1.06 0.341 0.95 0.85-1.06 0.387
CES-D (score) 0.99  0.89-1.09 0.776 1.00 0.97-1.04 0.860
GLFS-25 total score at baseline (score) 1.06 1.02-1.10  0.002

domains of GLFS-25 pain (score) 1.14 1.02-1.27 0.022

domains of GLFS-25 basic ADL (score) 0.94 0.82-1.07 0.357

domains of GLFS-25 instrumental ADL (score) 1.07 0.85-1.35 0.542

domains of GLFS-25 social function (score) 1.26 1.00-1.58 0.045

domains of GLFS-25 mental health (score) 1.14 0.71-1.29 0.767
Handgrip strength (kg) 0.95 0.90-1.01 0.094 0.95  0.90-1.01 0.080 0.95 0.90-1.00 0.069
Hip flexion strength (Nm/kg) 4.72 1.20-18.5 0.026 4.37 1.08-17.6 0.038 4.25 1.03-17.5 0.045
Hip extension strength (Nm/kg) 1.01 0.76-1.36 0.915 1.02  0.76-1.37 0.879 1.05 0.78-1.42 0.745
Hip abduction strength (Nm/kg) 0.50 0.09-2.61 0.406 0.89  0.16-4.95 0.895 0.87 0.15-4.91 0.877
Knee extension strength (Nm/kg) 1.29 0.81-2.07 0.276 1.36 0.84-2.19 0.205 1.31 0.81-2.12 0.269
Toe flexion strength (kg) 0.99 0.94-1.03 0.559 0.98  0.94-1.03 0.491 0.99 0.94-1.03 0.604
5CST (sec) 1.06  0.93-1.21 0.350 1.03  0.90-1.18  0.608 1.04  0.91-1.19  0.524
OLST (sec) 0.99 0.98-1.00 0.065 0.99  0.97-1.00 0.073 0.99 0.97-1.00 0.063
TUG (sec) 0.82 0.60-1.13 0.227 0.74  0.53-1.03 0.072 0.79 0.57-1.11 0.179
30-s stair test (time) 1.03 0.98-1.08 0.202 1.03  0.99-1.08 0.173 1.03 0.99-1.08 0.166
Knee flexion ROM (°) 0.97 0.93-1.01 0.216 0.97  0.93-1.02 0.215 0.97 0.92-1.01 0.187
Knee extension ROM (°) 0.96 0.91-1.02 0.307 0.98  0.92-1.04 0.474 0.97 0.92-1.03 0.372




545
546
547
548
549

550

551

552

553

554

555
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558

559
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561
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Model 1: Logistic regression analyses with the groups as the dependent variable and age, sex, BMI, and physical function as the independent variables.

Model 2: Logistic regression analyses with the groups as dependent variable and age, sex, BMI, CES-D, GLFS-25 total score at baseline, and physical function as
the independent variables.

Model 3: Logistic regression analyses with the groups as dependent variable and age, sex, BMI, CES-D, domains of GLFS-25 at baseline, and physical function as
the independent variables.

Bold type represents a statistically significant result.



563 Table 4. Logistic regression analysis of the subcategories by age
<65 years > 65 years
Model 1 Model 2 Model 1 Model 2
Odds 95% CI P-value Odds 95% CI P-value Odds 95% CI P-value Odds 95% CI P-value
ratio ratio ratio ratio

Age (year) 0.81 0.67-1.01 0.061 0.87 0.70-1.07  0.191 1.00  0.92-1.10 0.923 1.01  0.95-1.06 0.788
Sex 0.58 0.12-2.66  0.481 0.75 0.15-3.84  0.730 0.97 0.35-2.68 0.954 0.94 0.33-2.72 0.913
BMI (kg/cm?) 0.96 0.81-1.14  0.665 091 0.75-1.09  0.318 0.99 0.89-1.09 0.776 0.98 0.84-1.14 0.768
CES-D (score) 0.96 0.90-1.02  0.167 1.04  0.98-1.08 0.137
GLFS-25 at baseline (score) 1.14 1.05-1.24 0.001 1.02  0.98-1.07 0.291
Handgrip strength (kg) 0.94 0.86-1.03 0.191 0.95 0.86-1.04 0.287 0.94 0.88-1.01 0.095 0.94  0.88-1.01 0.117
Hip flexion strength (Nm/kg) 13.3 1.62-108 0.017 17.0 1.43-202 0.025 3.26 0.56-18.8 0.186 2.47  0.39-15.5 0.335
Hip extension strength (Nm/kg) 0.84 0.56-1.26 0.399 0.87  0.56-1.35 0.548 1.31  0.82-2.08 0.256 1.26  0.79-2.02 0.331
Hip abduction strength (Nm/kg) 0.38  0.03-4.83 0.458 0.40  0.02-6.37 0.517 0.59  0.06-5.60 0.649 0.85 0.08-9.47 0.894
Knee extension strength(Nm/kg)  1.09  0.56-2.13 0.786 0.97 0.46-2.01 0.930 1.54  0.78-3.05 0.216 1.66  0.83-3.35 0.153
Toe flexion strength (kg) 1.00  0.93-1.08 0.968 1.01  0.93-1.10 0.742 0.98 0.92-1.04 0.529 0.98  0.92-1.04 0.526
SCST (sec) 1.07  0.89-1.30  0.454 111 0.90-1.37 0317 1.06  0.88-1.28  0.503 1.02  0.84-1.23  0.866
OLST (sec) 1.00  0.97-1.02 0.997 0.99 0.97-1.02 0.784 0.99 0.98-1.00 0.065 0.99  0.98-1.00 0.063
TUG (sec) 0.65 0.36-1.16  0.144 0.46  0.23-0.89  0.021 0.90 0.61-1.34 0.611 0.82 0.55-1.24 0.350
30-s stair test (time) 1.2 0.95-1.09  0.652 1.01  0.93-1.09  0.793 1.04  0.98-1.10 0.211 1.04  0.98-1.10 0.215
Knee flexion ROM (°) 0.98 0.91-1.06  0.622 093 0.85-1.04  0.202 0.98 0.93-1.03 0.403 0.97 0.92-1.03 0.362
Knee extension ROM (°) 1.00  0.92-1.09  0.977 1.02  0.93-1.14  0.581 0.94 0.87-1.02 0.128 0.94 0.87-1.02 0.144

564

565  Model 1: Logistic regression analyses with the groups as the dependent variable and age, sex, BMI, and physical function as the independent variables.

566  Model 2: Logistic regression analyses with the groups as dependent variable and age, sex, BMI, CES-D, GLFS-25 at baseline, and physical function as the

567  independent variables.

568  Bold type represents a statistically significant result.



