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Abstract

The objective of this study was to investigate the association be-
tween objectively measured patterns of sedentary behavior (SB)
and physical activity (PA) and frailty status in Japanese commu-
nity-dwelling older adults. Data was from 65-75 years older
adults from the baseline of Itoshima Frail Study were used. Frailty
was assessed using a Japanese version of the FRAIL scale. SB
and PA were measured using an accelerometer. Multinomial lo-
gistic regression and receiver operating characteristic curve anal-
yses were used to investigate the associations of SB and PA pat-
terns with frailty status. Of the total 819 older adults, half were
female (51.8%). The prevalence of robust, pre-frailty and frailty
was 60.2%, 27.8%, and 12.0%, respectively. SB variables includ-
ing total sedentary time, sedentary time in bouts of > 10 min and
> 30 min, and mean sedentary bout duration were not associated
with frailty status. Except LPA and moderate-to-vigorous physi-
cal activity (MVPA) in bouts of < 10 min, PA variables including
total MVPA time, MVPA in bouts of > 10 min (bouted MVPA),
and steps were significantly associated with lower prevalence of
frailty. Area under the curves (AUCs) of total MVPA time,
bouted MVPA, and steps were 0.64 (P <0.001), 0.67 (P <0.001),
and 0.66 (P < 0.001), respectively. The optimal cut-off value of
total MVPA time, bouted MVPA, and steps to discriminate be-
tween frailty and non-frailty were 43.25 min/day, 9.13 min/day,
and 3841 steps/day, respectively. Higher levels of total MVPA
time, bouted MVPA, and daily steps were negatively associated
with frailty. Lower amounts of bouted MVPA (70 min/week) or
steps (4000 steps/day) may be achievable initial targets in older
adults for frailty management.

Key words Frailty, FRAIL scale, older adults, sedentary behav-
ior, physical activity, step.

Introduction

Frailty is defined as a medical syndrome that can increase
the risk of adverse outcomes including all-cause mortality
(Chang and Lin, 2015), hospitalization (Kojima, 2016),
and disability (Vermeiren et al., 2016). Meanwhile, previ-
ous studies have demonstrated that frailty is a dynamic
condition and frailty status can transition between better
and worse over time (Lee et al., 2014). This aspect of frailty
presents an opening for potential preventative and restora-
tive interventions. Lifestyle is considered one of the main
keystones in the development of frailty, and a healthy life-
style can help older adults to manage frailty (Feng et al.,
2017). As a common component of lifestyle, daily seden-
tary behavior (SB) and physical activity (PA) may play an
important role in the development of frailty (Kehler et al.,

2018a; 2018b).

One recent review summarized the epidemiological
evidence concerning the impact of SB on frailty (Kehler et
al., 2018b). In this review, almost all studies used subjec-
tive assessment of SB such as TV watching time or self-
reported sedentary or inactive lifestyle found a significant
negative association between SB and frailty indicted that
promoting physical activity may be a feasible way to pre-
vent frailty. However, evidence of the association between
objective assessment of SB and frailty was inconsistent. Of
all studies that examined the association between objec-
tively measured total sedentary time and frailty among
community-dwelling older adults (Bastone Ade etal., 2015;
Blodgett et al., 2015; Castaneda-Gameros et al., 2018; Del
Pozo-Cruz et al., 2017; Jansen et al., 2015; Kehler et al.,
2018a; Manas et al., 2018; Nagai et al., 2018; Song et al.,
2015), only three studies found significant associations
(Blodgett et al., 2015; Del Pozo-Cruz et al., 2017; Song et
al., 2015). One reason causing this inconsistency might be
most studies conventionally operationalize sedentary time
as total sedentary time without considering SB accumula-
tion patterns. Indeed, increasing evidence showed that the
SB accumulated in different length bouts (prolonged unin-
terrupted bouts vs. short bouts) might result in distinct
health outcomes (Bellettiere et al., 2019; Diaz et al., 2017).
In a recent study of Toledo Healthy Study on Aging
(THSA), no significant association was found between the
duration of SB bouts lasting > 10 min and the score of the
Frailty Trait Scale (Del Pozo-Cruz et al., 2017). However,
a significant association was found between the duration of
SB bouts lasting > 30 min and the levels of frailty in fe-
males from the National Health and Nutrition Examination
Survey (NHANES) (Kehler et al., 2018a, Kehler et al.,
2019). Therefore, further studies are needed to examine
whether the association between SB and frailty depends on
the bout length definition.

As for the association between objective assessment
of PA and frailty, a recent review found that a higher
amount of total moderate-to-vigorous physical activity
(MVPA) time was consistently associated with frailty
(Kehler and Theou, 2019). Although WHO recommended
that older adults aged 65 years and older should accumulate
at least 150 minutes of MVPA per week in bouts > 10 min
(WHO, 2010), meeting such recommendation may be chal-
lenging, especially in the older adult with frailty (Blodgett
et al., 2015). A recent systematic review found that both
MVPA in bouts of > 10 min (bouted MVPA) and <10 min
(sporadic MVPA) is associated with favorable health
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outcomes such as BMI, body fatness, and all-cause mortal-
ity, which suggest bouts of any duration may have health-
enhancing effects (Jakicic et al., 2019). Accordingly, the
recent U.S. guidelines that bouted or sporadic MVPA can
provide important benefits and highlight the potential
health benefits of light physical activity (LPA) in older
adults (Piercy et al., 2018). However, it is still less clear
how bouted or sporadic MVPA and LPA are related to
frailty.

Japan has the largest proportion of the elderly pop-
ulation and has the most rapid aging rate than that of any
other country, while the life expectancy is the highest in the
world (Arai et al., 2015). Moreover, according to a recent
systematic review and meta-analysis, the prevalence of
frailty in Japan was lower than in other countries (7.5% vs
9.9%) (Kojima et al., 2017). Comprehensively examine the
associations of objectively assessed different patterns of
SB and PA with frailty in Japan may provide a unique in-
sight into the management of frailty. Thus, the purposes of
the present study were to investigate if different SB, PA
patterns and the number of steps are associated with frailty
status and tried to determine the optimal cut-off value of
PA and SB variables, and steps to discriminate between
frailty and non-frailty in Japanese community-dwelling
older adults.

Methods

Participants

Cross-sectional data were derived from the baseline survey
of the Itoshima Frail Study (IFS), which was carried out
from September to December in 2017. The design of IFS
has been described in detail elsewhere (Chen et al., 2020).
Briefly, the IFS is an ongoing community-based prospec-
tive study in Itoshima City, located in northwest Japan. Its
aiming is to explore modifiable lifestyle factors caus-
ing/protecting against frailty. The inclusion criteria of IFS
were primary residents of Itoshima city, aged 65-75 years,
who were not certified as requiring nursing care by the Na-
tional Long-term Care Insurance System. Of approxi-
mately 10,000 older adults, 5,000 were randomly selected
according to the residential area, sex, and age. A set of
study information sheets and questionnaires were mailed to
subjects, inviting them to community centers for further as-
sessments. Of the 5,000 individuals contacted, 1,631 sub-
mitted questionnaires and 949 completed further assess-
ments, for a response rate of 32.6% and 19.0%, respec-
tively. Of the 949 subjects, we excluded 19 individuals
who did not have accelerometer data, 69 individuals with
less than 4 days of valid accelerometer data, and 42 indi-
viduals with missing data of covariates. This study was

Table 1. Japanese version of FRAIL scale.

approved by the Institutional Review Board of the K. Uni-
versity, Japan. All participants provided written informed
consent.

Frailty measure

Frailty status was assessed by a Japanese version of the
FRAIL scale (FRAIL-J, Table 1), which has shown good
reliability and construct validity in our previous study
(Chen et al., 2020). The FRAIL-J includes two biological
components (fatigue and loss of weight), two functional
components (resistance and ambulation) and one deficit ac-
cumulation component (illness). The total score ranges
from 0-5 points, with one point assigned to each compo-
nent. Although the original FRAIL scale set a 3-point score
as the cut-off point to identify frailty, our previous study
showed that, compared to a 3-point cut-off, a 2-point cut-
off had better criterion validity and could be the optimal
one in Japanese older adults (Chen et al., 2020). Indeed, a
2-point cutoff for the FRAIL scale was also recommended
in the Brazilian and Chinese versions (Aprahamian et al.,
2017, Dong et al., 2018). Therefore, in the present study, a
score of 0 would indicate robust participants, 1 as pre-
frailty, and 2-5 as frailty.

SB and PA variables

SB and PA were measured objectively using a waist-
mounted, tri-axial, accelerometer (Active style Pro HJA-
350IT, Omron Healthcare, Kyoto, Japan) for seven consec-
utive days after the health assessment. The previous study
reported that METs determined by the Active Style Pro
HIJA-350IT were closely correlated with METs calculated
by the indirect calorimetry, with an average percentage of
differences less than 10%. Accordingly, the Active Style
Pro directly estimates the intensity of activities as METs
(Ohkawara et al., 2011). Participants were instructed by
trained personnel to wear the accelerometer on either side
of their waist during their waking hours, and to remove the
device only before going to bed or when engaging in water
activities. Simple instruction and a log diary were also pro-
vided to encourage compliance with accelerometer proto-
cols. Data were recorded in 60-s periods for the data anal-
ysis. The SAS macro program provided by the National
Cancer Institute (National Cancer Institute, 2015) was
modified for our accelerometer to compute daily non-wear
time, as described elsewhere (Chen et al., 2017, Honda et
al., 2016). Non-wearing time was defined as at least 60
consecutive min of no activity, with an allowable 2 min to
reach up to 1.0 METs. Data for participants with at least 4
valid wear days (at least 10 h of wear time per day) were
included in the analysis.

FRAIL-J
Fatigue In the last 2 weeks have you felt tired without a reason? 1 = Yes, 0 = No.
Resistance Do you normally climb stairs without using handrail or wall for support? 0 = Yes, 1 = No.
Ambulation By yourself and not using aids, do you have any difficulty walking 1 km without resting? 1 = Yes, 0 = No.
The illnesses include hypertension, diabetes, cancer (other than a minor skin cancer), chronic lung disease, heart
Illness

recoded as 0-4 =0 and 5-11 = 1.

attack, congestive heart failure, angina, asthma, arthritis, stroke, and kidney disease. The total illnesses (0—11) are

Loss of weight Unintentional weight loss > 2-3 kg in the past 6 months. 1 = Yes, 0 = No.

Frail-J, Japanese FRAIL scale
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Sedentary time was defined as a minute in which
activity intensity was < 1.5 METs, for example, resting in
the sitting and lying or using computer (Ohkawara et al.,
2011). A sedentary bout was defined as a period of seden-
tary time accumulated without interruption. Previous stud-
ies used 10 or 30 min/day as the cut-off value to define
prolonged sedentary duration (Del Pozo-Cruz et al., 2017;
Kehler et al., 2018a), however, a consensus is still lacking
on the best measure of sedentary accumulation patterns.
Therefore, apart from 10-min and 30-min bout of sedentary
time, mean sedentary bout duration was also calculated by
dividing total sedentary time by the total number of seden-
tary bouts in the present study, with higher values indicat-
ing more prolonged accumulation patterns, whereas lower
values indicated more interrupted patterns.

LPA was defined as activities of 1.5-3 METs such
as laundry, dishwashing, or vacuuming (Ohkawara et al.,
2011). MVPA was defined as activities of > 3 METs in-
cluding walking, jogging, and ascending or descending
stairs (Ohkawara et al., 2011). Bouted MVPA was defined
as > 10 consecutive min, with an allowance for up to 2 min
out of 10 to drop below the MVPA intensity threshold. This
was consistent with the values recommended by the WHO
physical activity guideline (WHO, 2010). Sporadic MVPA
was defined as any MVPA accumulated in < 10 min. In
addition, steps per day were also calculated.

Other variables

Socio-demographic characteristics including age, gender,
education, living alone (yes/no), smoking (current smoker
or not), and drinking (current drinker or not) were collected
using questionnaires. Polypharmacy was defined as taking
5 or more prescription medications (yes/no). Cognitive
function was measured using the Japanese version of the
Montreal Cognitive Assessment (MoCA) (Fujiwara et al.,
2010), conducted by the public nurses and trained staff. In-
strumental activities of daily living (IADL) were measured
using the 5-item subscale of the Tokyo Metropolitan Insti-
tute of Gerontology Index of Competence (Koyano et al.,
1991). The Japanese version of the Pittsburgh Sleep Qual-
ity Index (PSQI) was used to assess sleep (Doi et al., 2000)

Statistical analysis

Descriptive data were summarized means =+ standard devi-
ation (SD) for continuous variables and as frequency (per-
centages) for categorical variables. Differences across
frailty status were tested with the Jonckheere-Terpstra
trend test for continuous variables, and the Cochran-
Armitage trend test for categorical variables. In prelimi-
nary analyses, the effects of interaction between SB, PA
variables and sex were examined by entering the interac-
tion terms (exposure variables * sex) in age and sex ad-
justed logistic regression model and all interaction terms
were not statistically significant (all P > 0.05). Therefore,
all analyses were conducted with men and women together.
Multivariable-adjusted multinomial logistic regression
analysis analyses were used to investigate the associations
between SB, PA patterns and frailty status. The following
two models were used to adjust for confounding factors:
model 1 included age, sex, education, living alone, drink-

ing and smoking status, polypharmacy, MoCA score, PSQI
score, IADL, and accelerometer wear time; model 2 in-
cluded factors in model 1 plus total MVPA time to SB var-
iables (model 2a), or total sedentary time to PA variables
(model 2b). In addition, in order to determine if bouted and
sporadic MVPA were independently associated with frailty
status, sporadic MVPA and bouted MVPA were added to
model 2¢. The variance inflation factor (VIF) for all varia-
bles was calculated to detect the presence of collinearity.
Each covariate had a VIF below 3 in the fully adjusted
model 2, which is considered acceptable. Receiver operat-
ing characteristic curve (ROC) analysis was used to define
the cut-off value of time spent in specific levels of PA and
SB variables to differentiate between being frailty and non-
frailty when a significant association was observed in the
logistic regression analysis. Area under the curve (AUC)
represents the ability of a variable in differentiating be-
tween frailty and non-frailty. AUC values of > 0.80 are
considered good, 0.70-0.79 fair, and < 0.70 poor (Metz,
1978). Optimal cut-off value was determined by the maxi-
mum value of the Youden index. ROC analyses were con-
ducted using MedCalc version 19.1 (MedCalc Software,
Ostend, Belgium) and other analyses were conducted using
SAS version 9.4 (SAS Institute Inc., Cary, N.C., USA).
The statistical significance was set at o = 0.05 in two-sided
tests.

Results

The characteristics of the study population are presented in
Table 2. Of the total 819 older adults, the mean age was
70.9 £ 3.1 years and a half were female (51.8%). In all par-
ticipants, the prevalence of robust, pre-frailty and frailty
was 60.2%, 27.8%, and 12.0%, respectively. On average,
participants with frailty were more likely to be women,
have a higher ratio of polypharmacy, lower MoCA score,
higher PSQI score, shorter total MVPA time and bouted
MVPA, and lower daily steps.

Table 3 shows the association between SB, PA var-
iables and frailty status. In models 1 and 2, total sedentary
time, 10-min and 30-min bout of sedentary time, and mean
sedentary bout duration was not associated with pre-frailty
and frailty. On the other hand, except LPA and sporadic
MVPA, PA variables including total MVPA time, bouted
MVPA, and steps were significantly associated with frailty,
but the associations were not observed for pre-frailty.
While sporadic MVPA was significantly associated with
frailty in model 1, the association between sporadic MVPA
and frailty disappeared after additional adjusted for total
sedentary time. The multivariable-adjusted odds ratios (95
% confidence intervals) for frailty were 0.83 (0.75-0.92),
0.81 (0.70-0.92), and 0.80 (0.71-0.89) per 10 min increase
in total MVPA time and bouted MVPA, and per additional
1000 steps/day, respectively. AUCs of total MVPA time,
bouted MVPA, and steps were significant (P < 0.001) but
only weak discriminations (all AUC < 0.7) were observed.
The optimal cut-off value of total MVPA time, bouted
MVPA, and steps to discriminate between frailty and non-
frailty were 43.25 min/day, 9.13 min/day, and 3841
steps/day, respectively (Figure 1).
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Table 2. Characteristics of the total sample according to frailty status by the FRAIL-J scale.
Total Frailty Status

Variables (n=819) Robust Pre-frailty Frailty P for

(n=493) (n=228) (n=98) trend
Age, year 70.9+3.1 70.943.1 70.943.1 71.1£3.1 0.76
Gender, women 424 (51.8) 239 (48.5) 123 (53.9) 62 (63.7) 0.006
Living alone 80 (9.8) 44 (8.9) 26 (11.4) 10 (10.2) 0.44
Current drinker 410 (50.1) 258 (52.3) 108 (47.4) 44 (44.9) 0.10
Current smoker 59(7.2) 44 (8.9) 9 (4.0) 6(6.12) 0.07
Polypharmacy, >5 126 (15.4) 53 (10.8) 43 (18.9) 30 (30.6) <0.001
IADL, >1 41 (5.0) 22 (4.5) 11 (4.8) 8(8.16) 0.19
Education, year 12.9+2.4 12.9+2.4 12.9£2.3 12.7£2.3 0.39
MoCA score, point 24.3£2.9 24.5+2.9 24.1£2.9 23.6+3.3 0.001
PSQI score, point 4.1+2.8 3.8£2.6 4.243.0 5.3£3.2 <0.001
Total sedentary time, min/day 456.9+111.3 460.1+£113.0 450.7+104.4 455.3+118.7 0.49
10-min bout of sedentary time, min/day ~ 328.1+113.8 331.2+115.6 321.5+105.1 327.7+124.1 0.65
30-min bout of sedentary time, min/day 179.7£94.9 181.6+96.8 175.7487.3 179.1£102.7 0.68
Mean sedentary bout duration, min/day 4.1+0.7 4.1+0.7 4.1+0.7 4.2+0.8 0.87
Total LPA time, min/day 341.0+£94 .4 339.6+93.5 342.9+91.3 343.2+102.1 0.60
Total MVPA time, min/day 52.3433.2 54.5+33.3 52.8432.5 40.5+32.7 <0.001
Sporadic MVPA, min/day 31.4£17.9 32.0+18.1 31.6+16.9 27.9+18.9 0.14
Bouted MVPA, min/day 20.9+24.1 22.5+24.1 21.2425.1 12.6+20.5 <0.001
Steps per day 5652.9+2803.3  5872.2+2699.7 5695.1£2792.8 4451.7+3057.0 <0.001

Data shows mean + SD or n (%). IADL, Instrumental Activity of Daily Living; MoCA, Montreal Cognitive Assessment; PSQL Pittsburgh Sleep Quality
Index; LPA, Light Physical Activity; MVPA, Moderate to Vigorous Physical Activity. Bouted MVPA was defined as > 10 consecutive min, with an
allowance for up to 2 min out of 10 to drop below the MVPA intensity threshold. Sporadic MVPA was defined as any MVPA accumulated in < 10 min.

Table 3. Associations between patterns of sedentary behavior, physical activity and frailty status assessed by FRAIL-J
Model 1 Model 2
Prefrailty Frailty
Sedentary behavior
0.99 (0.94-1.05) 1.05 (0.97-1.13)
0.99 (0.94-1.04) 1.04 (0.97-1.11)
1.00 (0.94-1.05) 1.04 (0.96-1.13)
0.97 (0.77-1.23) 1.14 (0.83-1.58)
Physical activity
1.01 (0.99-1.03) 1.00 (0.97-1.03)
0.98 (0.94-1.03) 0.86 (0.79-0.93)
0.99 (0.90-1.09) 0.86 (0.74-0.99)"

Variables

Prefrailty Frailty

Total sedentary time, increment per 30 min/day

10-min bout of sedentary time, increment per 30 min/day
30-min bout of sedentary time, increment per 30 min/day
Mean sedentary bout duration, increment per 1 min/day

0.97 (0.91-1.04)°
0.98 (0.93-1.03)
0.99 (0.93-1.0)*
0.95 (0.75-1.21)

0.95 (0.86-1.04)°
0.98 (0.90-1.05)
0.98 (0.90-1.07)
1.00 (0.72-1.40)*

1.01 (0.99-1.03)"
0.97 (0.91-1.03)
0.96 (0.85-1.09)"
0.97 (0.85-1.09)¢
0.97 (0.90-1.04)>

1.02 (0.99-1.05)*
0.83 (0.75-0.92)"
0.84 (0.71-1.01)°
0.88 (0.73-1.05)¢
0.80 (0.69-0.91)"®

0.97 (0.90-1.04)°  0.81 (0.70-0.92)"*
Step, increment per 1000 step/day 0.98 (0.92-1.04) 0.82 (0.74-0.90)"" 0.97 (0.90-1.03)> 0.80 (0.71-0.89)"*

Total LPA time, increment per 10 min/day
Total MVPA time, increment per 10 min/day
Sporadic MVPA, increment per 10 min/day

Bouted MVPA, increment per 10 min/day 0.97 (0.91-1.04) 0.80 (0.70-0.91)™

Data are shown as odds ratios (95%Cls) that Pre-frailty and Frailty compared to the Robust in each model using multinomial logistic regression. LPA, Light
Physical Activity; MVPA, Moderate-to-Vigorous Physical Activity. Model 1, adjusted for age, sex, education, living alone, drink and smoke status, polyphar-
macy, MoCA score, PSQI score, IADL, and wear time. Model 2, ?, additional adjusted total MVPA time; ®, additional adjusted total sedentary time; ¢, additional
adjusted bouted MVPA and sporadic MVPA. *, P<0.05; **, P<0.01. n=819.

Discussion

To our knowledge, this is the first study to investigate the
associations between objectively measured patterns of SB,
PA and frailty status screened by the FRAIL-J in Japanese
community-dwelling older adults. We found that neither
the total sedentary time nor SB patterns were associated
with pre-frailty or frailty. Higher levels of total MVPA
time, bouted MVPA, and steps were not associated with
pre-frailty but associated with frailty. However, the inde-
pendent association of LPA and sporadic MVPA with
frailty was not observed. In addition, our results suggest
that 43.25 min/day of total MVPA, 9.13 min/day of bouted
MVPA, and 3841 steps/day of daily step represent the op-
timal cut-off value to discriminate between frailty and non-
frailty. The main findings in this study provide evidence

concerning how objective PA patterns are associated with
frailty which might inform future feasible approaches to
managing frailty in older Japanese adults.

The associations between total sedentary time, 10-
min bout of sedentary time and frailty found in the present
study are consistent with some previous studies (Bastone
Ade et al., 2015; Castaneda-Gameros et al., 2018; Jansen
et al., 2015; Manas et al., 2018; Nagai et al., 2018) while
several inconsistencies are still observed. In contrast to the
previous studies (Blodgett et al., 2015; Del Pozo-Cruz et
al., 2017; Song et al., 2015), the present study showed that
total sedentary time was not associated with frailty. More-
over, although a previous study has reported an inverse as-
sociation between 30-min bout of sedentary time and 46-
item frailty index (FI) in females, no such negative associ-
ation was observed in the present study (Kehler etal.,
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Figure 1. Receiver operating characteristic curves showing the optimal cut-off value of PA variables to discriminate frailty and
non-frailty in Japanese community-dwelling older adults. AUC, Area under the curve.

2019). The reasons for the discrepancies between these
findings and our results are multifaceted. First, participant
characteristics may contribute to the discrepancies. For ex-
ample, the present study only recruited older adults aged
65-75 years, while previous studies also include older
adults aged more than 75 years. Second, the different ob-
jective measures of SB might be another reason. The pre-
sent study used a tri-axial accelerometer to assess SB,
which may more accurate than a uni-axial accelerometer
used in previous studies (Blodgett et al., 2015; Kehler et al.,
2018a; Song et al., 2015). Third, the heterogeneity of
frailty assessments between the present study and previous
studies might be an important reason contributes to the in-
consistencies (Aguayo et al., 2017). For example, despite
the 46-item FI used in the NHANES study is more com-
prehensive (Kehler et al., 2018a), it is not easily imple-
mented in settings such as a busy clinic or large-scale epi-
demiological study, as it requires objectively measured or

information such as blood pressure and other parameters.
However, the FRAIL scale was simple, self-reported, and
has been validated in diverse settings worldwide. Moreo-
ver, it is notable that it is comparable to more complex
measurements such as FI in predicting mortality and disa-
bility. The fourth possible reason is regarding adjustment
variables. Different factors inputted in the regression
model might affect the final results. For example, total
MVPA time was added to the final model to determine the
independency of total sedentary time, while some previous
studies did not add it (Del Pozo-Cruz et al., 2017; Song et
al.,2015). Last, the inconsistencies also might be explained
by lifestyle differences between Western counties and Ja-
pan. For example, according to a large population study
that using tri-axial accelerometer to describe levels of SB
and PA in Japanese community-dwelling older adults aged
more than 65 years (Chen et al., 2015), the older adults
spent 451.6 min/day in SB, 332.5 min/day in LPA, and
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37.8 min/day in MVPA, which were somewhat more active
than that have been reported in Western countries (Arnar-
dottir et al., 2013, Lohne-Seiler et al., 2014, Kehler et al.,
2018a). Thus, further studies should be conducted using the
same method to assess SB and frailty to clarify the associ-
ation between objective SB and frailty in different settings.

Our results found that higher total MVPA time had
an association with a reduction in frailty and the optimal
cut-off value to discriminate between frailty and non-
frailty was 43.25 min/day. However, this value is much
higher than the previous study which found total MVPA
time of at least 7.5 minutes per day can prevent frailty de-
velopment among 401 older adults aged 65-82 years (Yuki
et al., 2019). One reason why the discrepancy appears
might be caused by the different methods of how to define
the cut-off value (25™ percentile vs ROC analysis). An-
other main reason might be because the sporadic MVPA
which is an essential part of total MVPA time was not as-
sociated with frailty in the present study. LPA could be
relatively easier to perform for older adults than MVPA
and recent guidelines also highlight the potential ability of
LPA to benefit the health of older adults (Piercy et al.,
2018). However, no significant association between LPA
and frailty was observed in the present study. Actually, due
to the lack of evidence, the recommendations of LPA such
as time and frequency are still unclear, more studies are
needed to determine the role and contribution of LPA alone
or in combination with MVPA to health outcomes. A re-
cent harmonized meta-analysis study observed non-linear,
dose-response associations between PA variables and mor-
tality, the maximal risk reductions for LPA (0.48, 0.38 to
0.63) was observed at 375 min/day, while at 24 min/day for
MVPA (0.39, 0.26 to 0.59) (Ekelund et al., 2019). There-
fore, according to the above evidence and our results, we
considered that MVPA might be a much better choice than
LPA for frailty management in Japanese community-
dwelling older adults.

In the present study, our results showed that bouted
MVPA was associated with frailty after additional adjusted
for total sedentary time and sporadic MVPA, while the as-
sociation between sporadic MVPA and frailty was not sig-
nificant after additional adjusted for total sedentary time.
The same results were also found from the ROC analyses
that only the AUC of bouted MVPA was significant and
the optimal cut-off value to discriminate between frailty
and non-frailty was 9.13 min/day, which was lower than
the recommendation of the WHO. These findings showed
that bouted MVPA might be more effective on frailty com-
pared to sporadic MVPA. However, it was opposed to a
previous cross-sectional study from NHANES that demon-
strated sporadic MVPA was associated with a 46-item FI
(Kehler et al., 2018a). A recent systematic review found
that although there has been an increasing number of stud-
ies demonstrated the positive associations between spo-
radic MVPA and adverse outcomes such as all-cause mor-
tality and multimorbidity, while there are still some studies
found only bouted MVPA but not sporadic MVPA was
positively associated with adverse outcomes such as inci-
dence of obesity and high-density lipoprotein cholesterol

(Jakicic et al. 2019). The benefits of sporadic MVPA posi-
tively impact health might be because of its contribution to
adding total energy expenditure (Tremblay et al., 2007).
Therefore, further study should be conducted to examine
the effects of sporadic and bouted MVPA on adverse out-
comes under the same total energy expenditure.

As the basic component of PA, daily step is an easy-
to-understand metric. A recent systematic primary litera-
ture review found that an inverse dose-response relation-
ship of daily steps with important health outcomes, includ-
ing all-cause mortality, cardiovascular events, and type 2
diabetes (Kraus et al., 2019). In the present study, our find-
ings showed that higher daily steps were negatively asso-
ciated with frailty. The optimal cut-off value of step to dis-
criminate between frailty and non-frailty was 3841 steps
per day, which was lower than the suggestion (5000
steps/day) of recently prospective study among Japanese
older adults (Yuki et al., 2019). The discrepancy might be
caused by the difference in study populations and statistical
analyses such as the difference between the 25" percentile
and ROC analysis.

Taken together, our findings indicated that lower
amounts of bouted MVPA and steps can also benefit the
health of older adults. It is more achievable and feasible
compared to the official recommendations that make it be
an initial target for older adults. These interesting findings
point out a potential intervention method that combines
bouted MVPA and steps together. For example, do a 10
min walking of any speed inside or outside every day may
be a simple but effective way to manage frailty. However,
this value should be further confirmed among older adults
in future intervention studies before these observations can
be translated into public health guidelines.

There are some limitations to this study. One main
limitation was the response bias which relates to the gener-
alizability of the present findings. Participants in this study
population were individuals 65 - 75 years old from just one
southwest city in Japan and therefore it was not representa-
tive of the older Japanese population. In addition, the re-
sponse rate was relatively low which could cause bias in
interpreting the results since the participants that self-se-
lected to participate in the study may be different from
those who did not. For example, a healthier group might
have been included in the present study because partici-
pants had to attend the community center for assessing
physical and cognitive function. Moreover, the cross-sec-
tional design of this study precludes the ability to examine
the predictive ability to make causal inferences.

Conclusion

In conclusion, our findings demonstrate a strong relation-
ship between higher levels of total MVPA time, bouted
MVPA, steps and frailty screened by FRAIL-J. Lower
amounts of bouted MVPA (70 min/week) or steps (4000
steps/day) may be achievable initial targets in older adults
for frailty management. This evidence might inform future
feasible approaches to managing frailty in Japanese com-
munity-dwelling older adults.
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Key points

e This is the first study to investigate the associations
between objective patterns of SB, PA and frailty status
screened by the FRAIL-J in Japanese community-
dwelling older adults.

e Higher levels of total MVPA time, bouted MVPA,
and steps were negatively associated with frailty.

e Bouted MVPA might be more effective on frailty
management compared to sporadic MVPA.

¢ 9.13 min/day of bouted MVPA, 3841 steps/day of
daily step, and 43.25 min/day of total MVPA, repre-
sent the optimal cut-off value to discriminate between
frailty and non-frailty.
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