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Abstract: This cross-sectional study aimed to characterize the physical activity (PA) of older adults
with pre-frail status by examining sedentary behavior (SB) and PA using triaxial accelerometer data,
with non-frail older adults as the control group. In this study, we divided the study participants
into older adults who regularly participated in self-initiated citizen group exercise activities and
those who did not. Data were collected between September and December 2017. We analyzed
data from 256 older adults (women: 86.3%) aged ≥65 years. The interaction effect of participation
status (participation and non-participation group) and frailty status (pre-frail and non-frail group)
for moderate-to-vigorous PA (F = 9.178, p = 0.003) and daily mean number of steps (F = 9.351,
p = 0.002) was significant. For the participation group, there was no difference between pre-frail older
adults and non-frail older adults regarding length of SB and PA time, indicating that PA level was
maintained in the participating pre-frail older adults. In contrast, moderate-to-vigorous PA and daily
mean number of steps were low in pre-frail older adults who did not participate in the activities. The
opportunity to participate in self-initiated group exercise activities and other PAs in the community
may help pre-frail older adults maintain their PA.

Keywords: pre-frailty; physical activity; moderate-to-vigorous physical activity; self-initiated citizen
group exercise activities

1. Introduction

Recent studies on frailty in older adults have been conducted in a wide range of fields
and have examined the physical problems associated with frailty, such as sarcopenia [1,2]
and falls [3]. These studies have found that physical frailty in particular is a condition
resulting in lifestyle dysfunction caused by a decline in motor function due to aging, and is
related to subsequent prognosis, with a high proportion of older adults transitioning to
needing support and nursing care [4–6] and having increased mortality risk [7,8].

Frailty has been described as “a state of reduced ability to recover from stress resulting
from an age-related decline in reserves” [9]. The most widely used definition of frailty is
the frailty phenotype proposed by Fried et al. [10], using a set of five physical phenotypic
components: unintentional weight loss, exhaustion, weakness, slow walking speed, and
low physical activity with a biological basis. Among these criteria, an individual is classified
as non-frail when none of the components are applicable to them, pre-frail when one to
two items are applicable, and frail when three or more items are applicable. Although only
a few reports show the findings for older adults in pre-frail status separately from their
physical frailty status, Makizako et al. [6] report that physical frailty, even when pre-frail,
significantly impacts the risk of future disability.
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Various risk factors have been associated with older adults’ progression to frailty, such
as prolonged sedentary lifestyle and decline in the amount of physical activity (PA) [11,12].
Frailty is considered reversible and a state in which functioning can be maintained or
improved with appropriate intervention and support [13–15]; studies have shown the
beneficial effects of various intervention programs. Recent evidence on sedentary behavior
(SB) and PA is divided regarding approaches for reducing frailty risk, with some studies
considering reducing sedentary time and replacing it with low-intensity physical activity
(LPA) as the best approach [16,17] and some, others advocate moderate-to-vigorous physi-
cal activity (MVPA) [18,19]. However, intervention has a limited effect in older adults with
severe frailty [20,21]. Many previous studies have compared non-frail or pre-frail older
adults and frail older adults and shown reduced PA in frail older adults [22,23], with a
clear focus on frailty status, but very few studies have reported detailed characteristics of
older adults with pre-frail status [3,24].

Furthermore, the practice and effects of various intervention programs have been
reported as measures to prevent frailty. A systematic review by Apostolo et al. [25] reported
that group physical exercise programs improved frailty, but the evidence to make the same
claim for individual exercise was insufficient. In Japan, which is transitioning into a
super-aged society, proactive efforts are underway to prevent the need for long-term care,
including measures against frailty [6,26]. Among these types of intervention programs,
providing a place for exercise and interaction through self-initiated citizen group exercise
activities, conducted mainly by local residents, has been effective in preventing frailty [27].
However, previous studies have not clarified the differences in PA between pre-frail and
non-frail older adults based on whether they participate in self-initiated senior citizen
group exercise activities. Therefore, this study aimed to elucidate the PA of older adults
with pre-frail status by examining SB and PA, with non-frail older adults as the control
group and to examine the characteristics of PA in older adults showing varying early
frailty statuses (non-frail vs. pre-frail older adults) and to analyze the potential impact of
participation in self-initiated citizen group exercise activities.

2. Materials and Methods
2.1. Study Design and Participants

This study used a cross-sectional design. The target area of this study was the town
of Yamamoto, in Miyagi Prefecture, Japan. As of 2017, the total population of Yamamoto
was 12,469, and there were 4718 individuals aged ≥65 years (aging rate, 37.8%). The study
participants were older adults aged ≥65 years who also participated in self-initiated citizen
group exercise activities, run in 19 locations in the town, by invitation from the Yamamoto
Community General Support Center and in senior club networking events held in three
districts of the town.

In this study, the participants were divided into two groups: those participating in
the self-initiated group exercise activities formed the participation group, and those who
gathered at the senior club networking events formed the non-participation group. Older
adults who participated in both activities were included in the participation group. Because
the subjects who participated in both activities had more opportunities to exercise than
the subjects who participated in the senior club networking events, they were assigned to
the self-initiated group exercise participation group. The inclusion criterion was: ability to
independently walk and perform basic activities of daily living, while the exclusion criteria
were: participants certified as disabled (Long-term care level 1–5) by the Long-Term Care
Insurance [28], presence of severe underlying illnesses, and difficulty in communicating.
The inclusion and exclusion criteria were assessed through a questionnaire from which the
participants were asked questions, while ensuring participant safety, and compliance with
ethical standards.

The research objectives, body measurements, questionnaire survey, and accelerometer
requirement were verbally explained to all participants, and a written informed consent
was obtained from each. The survey was approved by the ethical review committee of
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Tohoku Fukushi University on 27 July 2017 (No. RS170708) and Fukushima Medical
University on 12 September 2017 (No. 29174).

2.2. Physical Frailty Criteria

This study used the Japanese version of the Cardiovascular Health Study (J-CHS) [6,29–31],
an improved version of the frailty phenotype (CHS criteria) proposed by Fried et al. [10]
as an indicator of frailty, modified to better suit the Japanese population. Frailty was
determined based on the following five items: (1) shrinking (unintentional weight loss
of up to 3 kg in the past six months); (2) weakness (hand grip strength: male <26 kg,
female <18 kg); (3) exhaustion (affirmative answer to the question “Did you feel exhausted
without any reason in the last two weeks?”); (4) slowness (walking speed <1.0 m/s); and
(5) low PA (answer “No” to both questions, “How many days per week do you engage in
light exercise or calisthenics?” and “How many days per week do you engage in regular
exercise or sport?”). The participants were classified as non-frail when none of the items
were applicable to them, pre-frail when one to two items were applicable, and frail when
three or more items were applicable [10,29]. Participants who were determined to be frail
were excluded from the analysis.

2.3. Questionnaire Survey

All surveys were conducted between September and December 2017. Information
on the participants’ basic characteristics, including age, sex, educational history, whether
they lived alone, current alcohol consumption, and smoking, was collected using a self-
administered questionnaire. Information on past and present history of lower back pain,
knee pain, stroke, hypertension, heart disease, diabetes mellitus, osteoporosis, and arthropa-
thy was also collected in the questionnaire (Supplementary File).

2.4. Physical Function and Performance

All surveys were held at open venues, such as meeting rooms and public halls, in each
district in the town, and the measurement sessions were performed by well-trained staff
who assisted participants in filling out the questionnaires, measured physical fitness, and
explained the accelerometer survey. The participants’ height and weight were measured,
and their body mass index was calculated. Walking speed was measured twice by recording
the participants’ normal walking speed over a distance of 5 m [32–34], and the walking
speed (m/s) was the mean of the two measurements. Grip strength was measured using a
digital grip strength dynamometer (TKK 5401 Grip-D; Takei Scientific Instruments, Tokyo,
Japan) [30,35]. The measurement was performed in standing position, and the mean was
calculated based on two measurements. Standing on one leg with eyes open and arms
on the hips was performed twice using the leg on which the participants found it easiest
to stand, and the maximum time of the two measurements was used. The maximum
time limit was 60 s, and if the subject reached 60 s in the first measurement, the second
measurement was not obtained [36,37].

2.5. SB and PA Assessment

SB and PA times were measured using a triaxial accelerometer (Active style Pro HJA-
750C; Omron Healthcare, Kyoto, Japan). The validity of the Active style Pro in estimating
activity intensity has been confirmed [38,39]. The participants were requested to wear
the accelerometer on their waist for seven consecutive days from when they woke up
in the morning until they went to bed at night and could remove it only when bathing
or swimming. During the survey, to minimize the possibility of PA being promoted by
wearing the accelerometer, it was programmed such that only the clock was displayed on
the device [40]. The accelerometer epoch length was set to 1 min [41]. The accelerometer
data usage criterion was defined as non-wearing time when the accelerometer had no
signal (estimated intensity of ≤0.9 metabolic equivalent units (METs)) for ≥60 min (with
allowance for up to 2 min of some limited movement (≤1.0 METs)) [17,41,42]. The partici-
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pants who wore the device for ≥10 h a day (600 min) and recorded valid data for ≥4 days
(including one day off) in seven consecutive days were included in the analysis [43,44].
Individual PA was based on the activity intensity evaluated from the data recorded on the
accelerometer, with activity of ≤1.5 METs defined as SB, 1.6–2.9 METs as light-intensity PA
(LPA), and ≥3.0 METs as moderate-to-vigorous PA (MVPA) [45].

2.6. Statistical Analyses

The mean value and standard deviation were calculated for accelerometer wearing
time, SB time, LPA time, and MVPA time. The ratio (%) of SB and PA time to wearing time
was also calculated.

The t-test and Mann–Whitney U-test for continuous scale were used to compare the
basic attributes of pre-frail and non-frail older adults, and the χ2 test or Fisher’s exact
test for nominal scale was used for intergroup comparison. To examine the interaction
effect of frailty status (pre-frail and non-frail) and participation status (participating and
non-participating groups), a two-way analysis of variance (ANOVA) was performed by
setting frailty status and participation as independent variables, and SB, LPA, MVPA,
and the number of steps as dependent variables. When an interaction was observed,
a simple main effect test was performed by the Bonferroni method. In addition, we
performed analysis of covariance (ANCOVA) adjusted for age, sex, accelerometer wearing
time, alcohol consumption, lower back pain, knee pain, and cardiovascular disease as
covariates. The distribution of time spent in MVPA and the number of steps per day were
positively skewed; therefore, we used a logarithmic transformation before the analysis.
The descriptive tables display non-transformed data for easy interpretation.

Furthermore, considering the possibility of “low physical activity” items among the
frailty criteria affecting the results, we confirmed this action using sensitivity analysis. First,
we excluded the “low physical activity” item from the five items and reclassified those
who did not correspond to any of the four items as non-frail, and those who corresponded
to one or two items as pre-frail. Then, we performed a two-way ANOVA and ANCOVA,
as mentioned earlier, to confirm the effect of this item on the outcome. In addition, due to
differences in the number of men and women in the pre-frail and non-frail groups, trends
were confirmed using a sensitivity analysis targeting women. All statistical analyses were
performed using SPSS Statistics for Windows (version 23.0; IBM Corp., Tokyo, Japan).
Statistical significance was set at p < 0.05.

3. Results

Consent was obtained from 332 individuals against requests sent to 377 individuals
for cooperation with survey. A total of 54 individuals were excluded 19 persons refused
to use accelerometer, one withdrew consent, 21 had missing valid accelerometer or other
data, four had difficulty communicating, and nine were in poor physical condition. In
addition, the nine persons who were in poor physical condition were those who reported
experiencing difficulty in wearing the accelerometer due to symptoms such as cold, lower
back pain, and so forth during the 7-day accelerometer-wearing period. The prevalence
of pre-frailty among the remaining 278 participants according to the J-CHS criteria was
41.0% (n = 114), that of non-frailty was 51.1% (n = 142), and that of frailty was 7.9% (n = 22).
Thus, an additional 22 individuals with frailty were excluded, and the final number of
participants in the analysis set was 256 (non-frail, n = 142 (55.5%); pre-frail, n = 114 (44.5%)).
Of them, 190 (74.2%) participated in self-initiated citizen group exercise activities, and 66
(25.8%) did not (Figure 1).
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Figure 1. Participant selection flow-chart.

In the participation group, 80 were pre-frail (42.1%) and 110 non-frail (57.9%). The
percentage of women was 91.3% in the pre-frail group and 90.9% in the non-frail group, and
the mean ages were 74.1 ± 5.7 years and 73.2 ± 4.7 years, respectively, with no significant
difference. In the non-participation group, 34 were pre-frail (51.5%) and 32 non-frail
(48.5%).The percentage of women was 79.4% in the pre-frail group and 65.6% in the non-
frail group, and the mean ages were 80.1 ± 7.1 years and 77.3 ± 5.7 years, respectively, with
no significant difference. The percentage of participants with heart disease (26.5%) was
significantly higher in the pre-frail group (p = 0.028). Table 1 presents the characteristics of
the participants in the analysis.
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Table 1. Participant characteristics.

Participation Group Non-Participation Group

Non-Frail Pre-Frail
p-Value

Non-Frail Pre-Frail
p-Value

n = 110 n = 80 n = 32 n = 34

Age (years) 73.2 ± 4.7 74.1 ± 5.7 0.302 77.3 ± 5.7 80.1 ± 7.1 0.092
Sex, women 100 (90.9) 73 (91.3) 0.935 21 (65.6) 27 (79.4) 0.209
BMI (kg/m2) 23.6 ± 3.2 23.6 ± 3.2 0.871 24.0 ± 3.5 24.5 ± 3.2 0.558
Education (junior or senior high
school/vocational college, university) 20 (18.2) 13 (16.3) 0.442 4 (12.5) 4 (11.8) 1.000

Living alone (yes) 13 (11.8) 16 (20.0) 0.729 2 (6.3) 8 (23.5) 0.084
Alcohol consumption (yes) 38 (34.5) 20 (25.0) 0.158 11 (34.4) 2 (5.9) 0.004
Smoking (yes) 2 (1.8) 4 (5.0) 0.241 1 (3.1) 0 (0.0) 0.485
Physical function

Hand grip strength (kg) 24.3 ± 4.8 22.5 ± 6.7 0.006 26.1 ± 5.7 22.1 ± 6.1 0.002
Usual walking speed (m/s) 1.34 ± 0.17 1.28 ± 0.20 0.019 1.27 ± 0.19 1.12 ± 0.21 0.003
One leg standing (s) 42.5 ± 20.2 38.7 ± 21.9 0.137 36.3 ± 21.6 22.6 ± 21.3 0.011

Pain and primary disease
Low back pain (yes) 40 (36.4) 39 (48.8) 0.087 16 (50.0) 18 (52.9) 0.811
Knee pain (yes) 30 (27.3) 29 (36.3) 0.187 9 (28.1) 17 (50.0) 0.069
Stroke (yes) 0 (0.0) 1 (1.3) 0.421 0 (0.0) 3 (8.8) 0.239
Hypertension (yes) 56 (50.9) 36 (45.0) 0.421 19 (59.4) 26 (76.5) 0.136
Heart disease (yes) 10 (9.1) 4 (5.0) 0.287 2 (6.3) 9 (26.5) 0.028
Diabetes mellitus (yes) 10 (9.1) 11 (13.8) 0.312 3 (9.4) 5 (14.7) 0.710
Osteoporosis (yes) 18 (16.4) 17 (21.3) 0.391 6 (18.8) 6 (17.6) 0.908
Arthropathy (yes) 27 (24.5) 23 (28.7) 0.516 5 (15.6) 11 (32.4) 0.113

Components of physical frailty criteria
Exhaustion, n (%) - 36 (45.0) - 15 (44.1)
Weight loss, n (%) - 29 (36.3) - 8 (23.5)
Weakness, n (%) - 21 (26.3) - 10 (29.4)
Slowness, n (%) - 6 (7.5) - 10 (29.4)
Low physical activity, n (%) - 4 (5.0) - 8 (23.5)

Acc wearing time (min/day) 904.5 ± 89.6 870.2 ± 83.9 0.008 875.4 ± 95.2 835.3 ± 84.4 0.075

Note: Data are shown as mean ± standard deviation or % (n). Student’s t-test and Mann–Whitney U-test were used for continuous scale,
and χ2 test or Fisher’s exact test for nominal scale. BMI: body mass index. Acc: accelerometer.

Table 2 shows the results of the two-way ANOVA and ANCOVA. The interaction
effect of frailty status and participation status for both MVPA and number of steps (MVPA,
F = 12.760, p < 0.001; steps, F = 11.954, p < 0.001) was significant. Further, the main effect of
participation status (participation vs. non-participation) was significant (MVPA, F = 10.854,
p = 0.001; steps, F = 8.626, p = 0.004) and the main effect of frailty status (non-frail vs.
pre-frail older adults) was significant (MVPA, F = 12.323, p < 0.001; steps, F = 15.232,
p < 0.001).

The results of the simple main effect test showed significantly lower MVPA and step
scores in the pre-frail older adults from the non-participation group than in the non-frail
older adults (MVPA, F = 17.004, p < 0.001; steps, F = 18.364, p < 0.001). No significant
difference was observed in pre-frail older adults from the participation group compared to
the non-frail older adults (MVPA, F = 0.004, p < 0.952; steps, F = 0.189, p < 0.664). Further,
comparing the pre-frail older adults in the participation group with the non-participation
group, significant decrease in MVPA and step scores was found in the pre-frail older adults
in the non-participation group (MVPA, F = 23.134, p < 0.001; steps, F = 20.061, p < 0.001).

Even after adjusting for covariates by ANCOVA, the interaction effect of frailty status
and participation status for both MVPA and number of steps (MVPA, F = 9.178, p = 0.003;
steps, F = 9.351, p = 0.002) was significant.
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Table 2. A comparison of the times spent in sedentary behavior (SB) and physical activity (PA) between factors.

2-Way ANOVA ANCOVA

Main Effect Main Effect Interaction Interaction

Participation
Group

Non-participation
Group

Participation/
Non-Participation

Non-Frail/
Pre-Frail

Mean ± SD Mean ± SD F (p-Value) F (p-Value) F (p-Value) F (p-Value)

SB (min/day)
Non-frail 460.1 ± 103.8 443.4 ± 89.6 0.365 (0.546) 0.506 (0.477) 3.166 (0.076) 2.539 (0.112)
Pre-frail 424.7 ± 97.8 458.6 ± 94.5

LPA (min/day)
Non-frail 389.9 ± 90.4 375.6 ± 98.7 4.407 (0.037) 1.017 (0.314) 1.011 (0.316) 0.656 (0.419)
Pre-frail 389.8 ± 88.6 349.3 ± 91.3

MVPA (min/day)
Non-frail 54.5 ± 36.2 56.4 ± 37.5 10.854 (0.001) 12.323 (<0.001) 12.760 (<0.001) 9.178 (0.003)
Pre-frail 55.7 ± 36.9 27.4 ± 21.3

Steps (steps/day)
Non-frail 5552.5 ± 3325.8 5625.4 ± 3063.1 8.626 (0.004) 15.232 (<0.001) 11.954 (<0.001) 9.351 (0.002)
Pre-frail 5090.0 ± 2266.9 3202.8 ± 1842.7

Note: Analyses were performed using 2-way ANOVA and ANCOVA adjusted for age, sex, accelerometer wearing time, alcohol con-
sumption, lower back pain, knee pain and cardiovascular disease. SB: sedentary behavior; LPA: light-intensity physical activity; MVPA:
moderate-to-vigorous physical activity; Steps: daily mean number of steps. 2-way ANOVA: 2-way analysis of variance; ANCOVA: analysis
of covariance.

Furthermore, considering the possibility of low PA items among the frailty crite-
ria and the difference in the number of men and women in the pre-frail and non-frail
groups affecting the results, trends were confirmed using a sensitivity analysis (data not
included here).

4. Discussion

This study aimed to characterize the PA of older adults with pre-frail status by ex-
amining SB with non-frail older adults as the control group, and to analyze the potential
impact of participation in self-initiated citizen group exercise activities.

The results showed that in the non-participation group, the pre-frail older adults
were a little older than the non-frail older adults, and a larger proportion had physical
ailments, such as heart disease and knee pain. The presence of such related ailments has
been found to raise the risk of future onset of frailty [6,7,30,46–50]. In addition, the results
concerning PA in pre-frail older adults in this study revealed that MVPA and steps were
still significantly lower in this group than in non-frail older adults, even after adjusting
for these physical ailments. This is a very important finding, in that it indicates the minor
changes in PA occurring between non-frail and pre-frail statuses; there has been almost
no such discussion on this point in previous studies. Nagai et al. [19] also reported that,
compared to the non-frail and pre-frail groups, SB time was significantly higher and LPA
time and MVPA time significantly lower in the frail group. Based on these results, it is
assumed that not only will MVPA and steps decline further for pre-frail older adults in
the non-participation group, but that LPA time will decrease, and SB time will increase,
leading to frail status. Many studies [11,12] have examined PA decrease with SB increase
and occurrence of frailty; thus, it is important to detect changes in MVPA and steps in the
pre-frail status at an early stage.

In contrast, in the participation group, there was no significant difference in SB or PA
between the pre-frail and non-frail groups, and there were no characteristic differences in
MVPA or steps as was observed in pre-frail older adults in the non-participation group.
Previous studies have shown that PA in older adults with pre-frail status is almost the
same as that in non-frail older adults [19,51]. Although the results of the current study
are consistent with these findings, our results indicate that PA in pre-frail older adults
is maintained at about the same level as PA in non-frail older adults, specifically in the
participation group. Based on data regarding SB and PA in non-frail older adults from
previous studies, SB is estimated at 48–56%, LPA at 41–47%, and MVPA at 3–5% of daily
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awake time [19,44,51]. In the current study, pre-frail older adults had low SB (48.9%),
high LPA (44.7%), and an MVPA of 6.4%; therefore, we considered them active. The self-
initiated group exercise was held once a week, with the residents gathering for a 90 min
multicomponent exercise program incorporating balance, step, and stretching exercises
and various games. Participants usually perform moderate-intensity dumbbell exercises
using a light dumbbell load of 300–700 g. For people with pre-frail status in this study,
participating in regular self-initiated citizen group exercise activities may have led to
opportunities to maintain PA levels.

There are various reasons that may contribute to pre-frail older adults maintaining
their PA in the self-initiated exercise group. The first is related to activity intensity. It is
not practical for frail older adults to take on more than a moderate-to-vigorous intensity
load, and opinions are divided on recommending exercise at the LPA level [16,17] versus
the MVPA level [52]. Yamada et al. [27] suggested that the usefulness of participation in
community-based self-management groups requires appropriate selection of exercise load
intensity depending on frailty status. Further, studies have reported that the length of time
spent on activities at, or above, moderate intensity increases as a quadratic function of
the number of steps, indicating a strong relationship [13,14]. Considering these previous
findings, it is important for pre-frail older adults to set PA at or above moderate intensity
and to have the opportunity to walk and engage in other activities. Although it is possible
that pre-frail older adults have secured sufficient activity intensity through self-initiated
exercise group activities, further research is needed to clarify the detailed PA needs of
pre-frail older adults.

The second reason for PA remaining steady is that, participating in such organized
activities may be leading to opportunities for the participants to go out regularly and estab-
lish a connection with society through interaction with group members. Fujita et al. [53]
showed that leaving the house less than once a week increased the risk of developing a gait
disorder at an odds ratio of 4.02 in a two-year follow-up study, compared to leaving the
house one or more times a day. Nemoto et al. [54] reported that social group engagement
affects total PA, moderate-intensity PA, and brisk walking in older adults. These studies
support the idea that in addition to maintaining and improving physical function through
exercise, the group exercise activities helped participants in the current study connect with
the community by providing them the chance to go out once a week and by facilitating
social interaction [26], which may also have been useful in maintaining PA. Therefore,
programs such as the self-initiated citizen group exercise activities and other community
PAs may be useful initiatives for maintaining and preventing the decline of PA in pre-frail
older adults.

The present study has several limitations. First, most of the participants were women,
and the participation group was larger than the non-participation group. In addition, we
assumed that those in the participation group were highly motivated and had high physical
functioning from the start. Therefore, although bias adjustment and stratified analysis were
performed, the results’ representativeness and generalizability to community-dwelling
older adults as a whole is extremely limited. Second, because this was a cross-sectional
observational study, it is not possible to determine the causal relationship between par-
ticipation in self-initiated group exercise activities and maintenance of PA or between
pre-frailty status and reduced PA. Third, this study focused on understanding the charac-
teristics of physical frailty and PA. For this reason, consideration of the evaluation of social,
mental, and psychological factors, which may have affected frailty and PA, was insufficient.
In future, a wide range of perspectives should be incorporated to understand and interpret
the contributing factors in detail. Fourth, although the accelerometer can objectively evalu-
ate activities, it does not clearly distinguish between sitting and standing postures, nor does
it sufficiently reflect underwater activities, such as bathing and swimming, or activities
involving stepping up and down, such as ascending or descending stairs. Therefore, it
cannot be ruled out that the overall SB and PA levels may have been underestimated.
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Despite these limitations, this study has several strengths. We compared the PA of
pre-frail and non-frail older adults by stratifying them into older adults who participate
in self-initiated citizen group exercise activities and those who do not. By doing so, we
were able to clarify the PA characteristics of pre-frail older adults. Understanding these
characteristics of pre-frailty PA, detecting minor changes related to pre-frailty, and linking
these observations to action would be beneficial for frailty prevention.

5. Conclusions

The MVPA and number of steps were significantly lower in pre-frail older adults who
did not participate in group exercise activities than in pre-frail older adults who partici-
pated in these activities, and there was no difference in length of SB or PA time between
participating pre-frail older adults and non-frail older adults, indicating maintenance of
PA level. Therefore, participating in self-initiated citizen group exercise activities and other
PAs in the community may help maintain pre-frail older adults’ PA levels. Further studies
are needed to reveal various PA characteristics among pre-frail older adults to facilitate the
development of preventive countermeasures at a community level.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph182312328/s1, Supplementary file: Physical Activity Survey.

Author Contributions: Conceptualization, M.T., T.S., N.M. and S.Y.; methodology, M.T., T.K. and
R.S.; formal analysis, M.T. and T.S.; investigation, M.T., T.K., R.S., N.M. and S.Y.; resources, M.T.; data
curation, M.T.; writing—original draft preparation, M.T.; writing—review and editing, M.T., T.S.,
T.K., R.S., N.M. and S.Y.; visualization, M.T.; supervision, S.Y.; funding acquisition, M.T. and R.S. All
authors contributed to revisions of the manuscript and critical discussion. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was funded by the Ministry of Education, Culture, Sports, Science and Tech-
nology Special Assistance Research Facility Support (Kansei Fukushi Research Institute Research
Project 3.11).

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and was approved by the ethical review committee of Tohoku Fukushi
University (No. RS170708) and Fukushima Medical University (No. 29174).

Informed Consent Statement: Informed consent was obtained from all participants involved in the
study. Written informed consent was obtained from the participants for publication of this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical restrictions.

Acknowledgments: The authors would like to express their sincere gratitude to the residents of
Yamamoto, exercise leaders, and staff of the Yamamoto Community General Support Center for their
cooperation in conducting this study.

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

References
1. Mijnarends, D.M.; Koster, A.; Schols, J.M.; Meijers, J.M.; Halfens, R.J.; Gudnason, V.; Eiriksdottir, G.; Siggeirsdottir, K.; Sigurdsson,

S.; Jonsson, P.V.; et al. Physical activity and incidence of sarcopenia: The population-based AGES-Reykjavik Study. Age Ageing
2016, 45, 614–620. [CrossRef]

2. Mijnarends, D.M.; Schols, J.M.; Meijers, J.M.; Tan, F.E.; Verlaan, S.; Luiking, Y.C.; Morley, J.E.; Halfens, R.J. Instruments to assess
sarcopenia and physical frailty in older people living in a community (care) setting: Similarities and discrepancies. J. Am. Med.
Dir. Assoc. 2015, 16, 301–308. [CrossRef] [PubMed]

3. Freire Junior, R.C.; Porto, J.M.; Rodrigues, N.C.; Brunelli, R.M.; Braga, L.F.; de Abreu, D.C. Spatial and temporal gait characteristics
in pre-frail community-dwelling older adults. Geriatr. Gerontol. Int. 2016, 16, 1102–1108. [CrossRef] [PubMed]

4. Yamada, M.; Arai, H. Predictive Value of Frailty Scores for Healthy Life Expectancy in Community-Dwelling Older Japanese
Adults. J. Am. Med. Dir. Assoc. 2015, 16, e1007–e1011. [CrossRef]

5. Doi, T.; Makizako, H.; Tsutsumimoto, K.; Nakakubo, S.; Kim, M.J.; Kurita, S.; Hotta, R.; Shimada, H. Transitional status and
modifiable risk of frailty in Japanese older adults: A prospective cohort study. Geriatr. Gerontol. Int. 2018, 18, 1562–1566.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph182312328/s1
https://www.mdpi.com/article/10.3390/ijerph182312328/s1
http://doi.org/10.1093/ageing/afw090
http://doi.org/10.1016/j.jamda.2014.11.011
http://www.ncbi.nlm.nih.gov/pubmed/25530211
http://doi.org/10.1111/ggi.12594
http://www.ncbi.nlm.nih.gov/pubmed/26338502
http://doi.org/10.1016/j.jamda.2015.08.001
http://doi.org/10.1111/ggi.13525
http://www.ncbi.nlm.nih.gov/pubmed/30225955


Int. J. Environ. Res. Public Health 2021, 18, 12328 10 of 11

6. Makizako, H.; Shimada, H.; Doi, T.; Tsutsumimoto, K.; Suzuki, T. Impact of physical frailty on disability in community-dwelling
older adults: A prospective cohort study. BMJ Open 2015, 5, e008462. [CrossRef]

7. Lorenzo-Lopez, L.; Lopez-Lopez, R.; Maseda, A.; Bujan, A.; Rodriguez-Villamil, J.L.; Millan-Calenti, J.C. Changes in frailty status
in a community-dwelling cohort of older adults: The VERISAUDE study. Maturitas 2019, 119, 54–60. [CrossRef]

8. Yuki, A.; Otsuka, R.; Tange, C.; Nishita, Y.; Tomida, M.; Ando, F.; Shimokata, H. Physical frailty and mortality risk in Japanese
older adults. Geriatr. Gerontol. Int. 2018, 18, 1085–1092. [CrossRef]

9. Satake, S.; Arai, H. Chapter 1 Frailty: Definition, diagnosis, epidemiology. Geriatr. Gerontol. Int. 2020, 20, 7–13. [CrossRef]
10. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.

Frailty in older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]
11. Da Silva Coqueiro, R.; de Queiroz, B.M.; Oliveira, D.S.; das Merces, M.C.; Oliveira Carneiro, J.A.; Pereira, R.; Fernandes, M.H.

Cross-sectional relationships between sedentary behavior and frailty in older adults. J. Sports Med. Phys. Fit. 2017, 57, 825–830.
[CrossRef]

12. Da Silva, V.D.; Tribess, S.; Meneguci, J.; Sasaki, J.E.; Santos, D.A.T.; Carneiro, J.A.O.; Virtuoso Junior, J.S. Time Spent in Sedentary
Behaviour as Discriminant Criterion for Frailty in Older Adults. Int. J. Environ. Res. Public Health 2018, 15, 1336. [CrossRef]

13. Aoyagi, Y.; Park, H.; Watanabe, E.; Park, S.; Shephard, R.J. Habitual physical activity and physical fitness in older Japanese adults:
The Nakanojo Study. Gerontology 2009, 55, 523–531. [CrossRef]

14. Aoyagi, Y.; Shephard, R.J. Habitual physical activity and health in the elderly: The Nakanojo Study. Geriatr. Gerontol. Int. 2010, 10,
S236–S243. [CrossRef]

15. Nascimento, C.M.; Ingles, M.; Salvador-Pascual, A.; Cominetti, M.R.; Gomez-Cabrera, M.C.; Viña, J. Sarcopenia, frailty and their
prevention by exercise. Free Radic. Biol. Med. 2019, 132, 42–49. [CrossRef]

16. Mekary, R.A.; Willett, W.C.; Hu, F.B.; Ding, E.L. Isotemporal substitution paradigm for physical activity epidemiology and weight
change. Am. J. Epidemiol. 2009, 170, 519–527. [CrossRef] [PubMed]

17. Yasunaga, A.; Shibata, A.; Ishii, K.; Koohsari, M.J.; Inoue, S.; Sugiyama, T.; Owen, N.; Oka, K. Associations of sedentary behavior
and physical activity with older adults’ physical function: An isotemporal substitution approach. BMC Geriatr. 2017, 17, 280.
[CrossRef]

18. Buman, M.P.; Hekler, E.B.; Haskell, W.L.; Pruitt, L.; Conway, T.L.; Cain, K.L.; Sallis, J.F.; Saelens, B.E.; Frank, L.D.; King, A.C.
Objective light-intensity physical activity associations with rated health in older adults. Am. J. Epidemiol. 2010, 172, 1155–1165.
[CrossRef]

19. Nagai, K.; Tamaki, K.; Kusunoki, H.; Wada, Y.; Tsuji, S.; Ito, M.; Sano, K.; Amano, M.; Shimomura, S.; Shinmura, K. Isotemporal
substitution of sedentary time with physical activity and its associations with frailty status. Clin. Interv. Aging 2018, 13, 1831–1836.
[CrossRef] [PubMed]

20. Gill, T.M.; Baker, D.I.; Gottschalk, M.; Peduzzi, P.N.; Allore, H.; Byers, A. A Program to Prevent Functional Decline in Physically
Frail, Elderly Persons Who Live at Home. N. Engl. J. Med. 2002, 347, 1068–1074. [CrossRef] [PubMed]

21. Clegg, A.P.; Barber, S.E.; Young, J.B.; Forster, A.; Iliffe, S.J. Do home-based exercise interventions improve outcomes for frail older
people? Findings from a systematic review. Rev. Clin. Gerontol. 2012, 22, 68–78. [CrossRef] [PubMed]

22. Yamada, M.; Arai, H.; Sonoda, T.; Aoyama, T. Community-based exercise program is cost-effective by preventing care and
disability in Japanese frail older adults. J. Am. Med. Dir. Assoc. 2012, 13, 507–511. [CrossRef]

23. Cameron, I.D.; Fairhall, N.; Langron, C.; Lockwood, K.; Monaghan, N.; Aggar, C.; Sherrington, C.; Lord, S.R.; Kurrle, S.E. A
multifactorial interdisciplinary intervention reduces frailty in older people: Randomized trial. BMC Med. 2013, 11, 65. [CrossRef]

24. Matsushita, E.; Okada, K.; Ito, Y.; Satake, S.; Shiraishi, N.; Hirose, T.; Kuzuya, M. Characteristics of physical prefrailty among
Japanese healthy older adults. Geriatr. Gerontol. Int. 2017, 17, 1568–1574. [CrossRef] [PubMed]

25. Apostolo, J.; Cooke, R.; Bobrowicz-Campos, E.; Santana, S.; Marcucci, M.; Cano, A.; Vollenbroek-Hutten, M.; Germini, F.;
D’Avanzo, B.; Gwyther, H.; et al. Effectiveness of interventions to prevent pre-frailty and frailty progression in older adults: A
systematic review. JBI Database Syst. Rev. Implement. Rep. 2018, 16, 140–232. [CrossRef]

26. Kanamori, S.; Kai, Y.; Aida, J.; Kondo, K.; Kawachi, I.; Hirai, H.; Shirai, K.; Ishikawa, Y.; Suzuki, K.; JAGES Group. Social
participation and the prevention of functional disability in older Japanese: The JAGES cohort study. PLoS ONE 2014, 9, e99638.
[CrossRef] [PubMed]

27. Yamada, M.; Arai, H. Self-Management Group Exercise Extends Healthy Life Expectancy in Frail Community-Dwelling Older
Adults. Int. J. Environ. Res. Public Health 2017, 14, 531. [CrossRef]

28. Yamada, M.; Arai, H. Long-Term Care System in Japan. Ann. Geriatr. Med. Res. 2020, 24, 174–180. [CrossRef]
29. Satake, S.; Shimada, H.; Yamada, M.; Kim, H.; Yoshida, H.; Gondo, Y.; Matsubayashi, K.; Matsushita, E.; Kuzuya, M.; Kozaki,

K.; et al. Prevalence of frailty among community-dwellers and outpatients in Japan as defined by the Japanese version of the
Cardiovascular Health Study criteria. Geriatr. Gerontol. Int. 2017, 17, 2629–2634. [CrossRef]

30. Shimada, H.; Makizako, H.; Doi, T.; Tsutsumimoto, K.; Suzuki, T. Incidence of Disability in Frail Older Persons with or without
Slow Walking Speed. J. Am. Med. Dir. Assoc. 2015, 16, 690–696. [CrossRef]

31. Nakai, Y.; Makizako, H.; Kiyama, R.; Tomioka, K.; Taniguchi, Y.; Kubozono, T.; Takenaka, T.; Ohishi, M. Association between
Chronic Pain and Physical Frailty in Community-Dwelling Older Adults. Int. J. Environ. Res. Public Health 2019, 16, 1330.
[CrossRef] [PubMed]

http://doi.org/10.1136/bmjopen-2015-008462
http://doi.org/10.1016/j.maturitas.2018.11.006
http://doi.org/10.1111/ggi.13316
http://doi.org/10.1111/ggi.13830
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.23736/S0022-4707.16.06289-7
http://doi.org/10.3390/ijerph15071336
http://doi.org/10.1159/000236326
http://doi.org/10.1111/j.1447-0594.2010.00589.x
http://doi.org/10.1016/j.freeradbiomed.2018.08.035
http://doi.org/10.1093/aje/kwp163
http://www.ncbi.nlm.nih.gov/pubmed/19584129
http://doi.org/10.1186/s12877-017-0675-1
http://doi.org/10.1093/aje/kwq249
http://doi.org/10.2147/CIA.S175666
http://www.ncbi.nlm.nih.gov/pubmed/30288035
http://doi.org/10.1056/NEJMoa020423
http://www.ncbi.nlm.nih.gov/pubmed/12362007
http://doi.org/10.1017/S0959259811000165
http://www.ncbi.nlm.nih.gov/pubmed/27226701
http://doi.org/10.1016/j.jamda.2012.04.001
http://doi.org/10.1186/1741-7015-11-65
http://doi.org/10.1111/ggi.12935
http://www.ncbi.nlm.nih.gov/pubmed/27935188
http://doi.org/10.11124/JBISRIR-2017-003382
http://doi.org/10.1371/journal.pone.0099638
http://www.ncbi.nlm.nih.gov/pubmed/24923270
http://doi.org/10.3390/ijerph14050531
http://doi.org/10.4235/agmr.20.0037
http://doi.org/10.1111/ggi.13129
http://doi.org/10.1016/j.jamda.2015.03.019
http://doi.org/10.3390/ijerph16081330
http://www.ncbi.nlm.nih.gov/pubmed/31013877


Int. J. Environ. Res. Public Health 2021, 18, 12328 11 of 11

32. Shinkai, S.; Watanabe, S.; Kumagai, S.; Fujiwara, Y.; Amano, H.; Yoshida, H.; Ishizaki, T.; Yukawa, H.; Suzuki, T.; Shibata, H.
Walking speed as a good predictor for the onset of functional dependence in a Japanese rural community population. Age Ageing
2000, 29, 441–446. [CrossRef] [PubMed]

33. Cadore, E.L.; Casas-Herrero, A.; Zambom-Ferraresi, F.; Idoate, F.; Millor, N.; Gómez, M.; Rodriguez-Mañas, L.; Izquierdo, M.
Multicomponent exercises including muscle power training enhance muscle mass, power output, and functional outcomes in
institutionalized frail nonagenarians. Age 2014, 36, 773–785. [CrossRef] [PubMed]

34. Hobbs, R.D.; Norton, E.L.; Wu, X.; Willer, C.J.; Hummell, S.L.; Prager, R.L.; Afilalo, J.; Hornsby, W.E.; Yang, B. Gait speed is a
preoperative indicator of postoperative events after elective proximal aortic surgery. J. Thorac. Cardiovasc. Surg. 2020. [CrossRef]

35. Shimada, H.; Suzuki, T.; Suzukawa, M.; Makizako, H.; Doi, T.; Yoshida, D.; Tsutsumimoto, K.; Anan, Y.; Uemura, K.; Ito, T.; et al.
Performance-based assessments and demand for personal care in older Japanese people: A cross-sectional study. BMJ Open 2013,
3, e002424. [CrossRef]

36. Chomiak, T.; Pereira, F.V.; Hu, B. The single-leg-stance test in Parkinson’s disease. J. Clin. Med. Res. 2015, 7, 182–185. [CrossRef]
37. Michikawa, T.; Nishiwaki, Y.; Takebayashi, T.; Toyama, Y. One-leg standing test for elderly populations. J. Orthop. Sci. 2009, 14,

675–685. [CrossRef]
38. Ohkawara, K.; Oshima, Y.; Hikihara, Y.; Ishikawa-Takata, K.; Tabata, I.; Tanaka, S. Real-time estimation of daily physical activity

intensity by a triaxial accelerometer and a gravity-removal classification algorithm. Br. J. Nutr. 2011, 105, 1681–1691. [CrossRef]
39. Park, J.; Ishikawa-Takata, K.; Tanaka, S.; Bessyo, K.; Tanaka, S.; Kimura, T. Accuracy of Estimating Step Counts and Intensity

Using Accelerometers in Older People with or without Assistive Devices. J. Aging Phys. Act. 2017, 25, 41–50. [CrossRef]
40. Bravata, D.M.; Smith-Spangler, C.; Sundaram, V.; Gienger, A.L.; Lin, N.; Lewis, R.; Stave, C.D.; Olkin, I.; Sirard, J.R. Using

pedometers to increase physical activity and improve health: A systematic review. JAMA 2007, 298, 2296–2304. [CrossRef]
41. Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Masse, L.C.; Tilert, T.; McDowell, M. Physical activity in the United States measured by

accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. [CrossRef]
42. Healy, G.N.; Matthews, C.E.; Dunstan, D.W.; Winkler, E.A.; Owen, N. Sedentary time and cardio-metabolic biomarkers in US

adults: NHANES 2003–06. Eur. Heart J. 2011, 32, 590–597. [CrossRef]
43. Honda, T.; Chen, S.; Kishimoto, H.; Narazaki, K.; Kumagai, S. Identifying associations between sedentary time and cardio-

metabolic risk factors in working adults using objective and subjective measures: A cross-sectional analysis. BMC Public Health
2014, 14, 1307. [CrossRef]

44. Chen, T.; Kishimoto, H.; Honda, T.; Hata, J.; Yoshida, D.; Mukai, N.; Shibata, M.; Ninomiya, T.; Kumagai, S. Patterns and Levels of
Sedentary Behavior and Physical Activity in a General Japanese Population: The Hisayama Study. J. Epidemiol. 2018, 28, 260–265.
[CrossRef] [PubMed]

45. Pate, R.R.; O’Neill, J.R.; Lobelo, F. The evolving definition of “sedentary”. Exerc. Sport Sci. Rev. 2008, 36, 173–178. [CrossRef]
46. Kojima, G.; Taniguchi, Y.; Iliffe, S.; Jivraj, S.; Walters, K. Transitions between frailty states among community-dwelling older

people: A systematic review and meta-analysis. Ageing Res. Rev. 2019, 50, 81–88. [CrossRef]
47. Makizako, H.; Shimada, H.; Doi, T.; Tsutsumimoto, K.; Hotta, R.; Nakakubo, S.; Makino, K.; Lee, S. Social Frailty Leads to the

Development of Physical Frailty among Physically Non-Frail Adults: A Four-Year Follow-Up Longitudinal Cohort Study. Int. J.
Environ. Res. Public Health 2018, 15, 490. [CrossRef] [PubMed]

48. Garre-Olmo, J.; Calvó-Perxas, L.; López-Pousa, S.; de Gracia Blanco, M.; Vilalta-Franch, J. Prevalence of frailty phenotypes and
risk of mortality in a community-dwelling elderly cohort. Age Ageing 2013, 42, 46–51. [CrossRef] [PubMed]

49. Tsutsumimoto, K.; Doi, T.; Makizako, H.; Hotta, R.; Nakakubo, S.; Makino, K.; Suzuki, T.; Shimada, H. Association of Social
Frailty with Both Cognitive and Physical Deficits among Older People. J. Am. Med. Dir. Assoc. 2017, 18, 603–607. [CrossRef]

50. Shimada, H.; Makizako, H.; Lee, S.; Doi, T.; Lee, S. Lifestyle activities and the risk of dementia in older Japanese adults. Geriatr.
Gerontol. Int. 2018, 18, 1491–1496. [CrossRef]

51. Blodgett, J.; Theou, O.; Kirkland, S.; Andreou, P.; Rockwood, K. The association between sedentary behaviour, moderate-vigorous
physical activity and frailty in NHANES cohorts. Maturitas 2015, 80, 187–191. [CrossRef] [PubMed]

52. Yuki, A.; Otsuka, R.; Tange, C.; Nishita, Y.; Tomida, M.; Ando, F.; Shimokata, H.; Arai, H. Daily Physical Activity Predicts Frailty
Development among Community-Dwelling Older Japanese Adults. J. Am. Med. Dir. Assoc. 2019, 20, 1032–1036. [CrossRef]
[PubMed]

53. Fujita, K.; Fujiwara, Y.; Chaves, P.H.M.; Motohashi, Y.; Shinkai, S. Frequency of Going Outdoors as a Good Predictors for Incident
Disability of Physical Function as well as Disability Recovery in Community-Dwelling Older Adults in Rural Japan. J. Epidemiol.
2006, 16, 261–270. [CrossRef] [PubMed]

54. Nemoto, Y.; Sato, S.; Kitabatake, Y.; Nakamura, M.; Takeda, N.; Maruo, K.; Arao, T. Longitudinal associations of social group
engagement with physical activity among Japanese older adults. Arch. Gerontol. Geriatr. 2021, 92, 104259. [CrossRef] [PubMed]

http://doi.org/10.1093/ageing/29.5.441
http://www.ncbi.nlm.nih.gov/pubmed/11108417
http://doi.org/10.1007/s11357-013-9586-z
http://www.ncbi.nlm.nih.gov/pubmed/24030238
http://doi.org/10.1016/j.jtcvs.2020.03.165
http://doi.org/10.1136/bmjopen-2012-002424
http://doi.org/10.14740/jocmr1878w
http://doi.org/10.1007/s00776-009-1371-6
http://doi.org/10.1017/S0007114510005441
http://doi.org/10.1123/japa.2015-0201
http://doi.org/10.1001/jama.298.19.2296
http://doi.org/10.1249/mss.0b013e31815a51b3
http://doi.org/10.1093/eurheartj/ehq451
http://doi.org/10.1186/1471-2458-14-1307
http://doi.org/10.2188/jea.JE20170012
http://www.ncbi.nlm.nih.gov/pubmed/29176275
http://doi.org/10.1097/JES.0b013e3181877d1a
http://doi.org/10.1016/j.arr.2019.01.010
http://doi.org/10.3390/ijerph15030490
http://www.ncbi.nlm.nih.gov/pubmed/29534470
http://doi.org/10.1093/ageing/afs047
http://www.ncbi.nlm.nih.gov/pubmed/22454134
http://doi.org/10.1016/j.jamda.2017.02.004
http://doi.org/10.1111/ggi.13504
http://doi.org/10.1016/j.maturitas.2014.11.010
http://www.ncbi.nlm.nih.gov/pubmed/25542406
http://doi.org/10.1016/j.jamda.2019.01.001
http://www.ncbi.nlm.nih.gov/pubmed/30792108
http://doi.org/10.2188/jea.16.261
http://www.ncbi.nlm.nih.gov/pubmed/17085876
http://doi.org/10.1016/j.archger.2020.104259
http://www.ncbi.nlm.nih.gov/pubmed/33011428

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Physical Frailty Criteria 
	Questionnaire Survey 
	Physical Function and Performance 
	SB and PA Assessment 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

