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OBJECTIVES: Although previous studies have reported
lower mortality and morbidity in people with higher
daily step counts, the association between frailty and
objectively measured step counts has not been evaluated
well. We investigated the association between step counts
and prevalence of frailty in community-dwelling older
adults.

DESIGN: A cross-sectional study.

SETTING: The Kyoto-Kameoka study in Japan.

PARTICIPANTS: We used data of 3,616 Japanese older
adults, aged 65 years or older, with valid daily step count
data, obtained by an accelerometer-based pedometer.
MEASUREMENTS: The step count during 4 or more days
was objectively obtained by a validated triaxial accelerome-
ter. Participants were classified by quartiles (Qs) based on
their step counts. Frailty was defined using the Fried pheno-
type (FP) model and the Kihon Checklist (KCL). We evalu-
ated the association between prevalence of frailty and step
counts using multivariate logistic regression and the
restricted cubic spline model.

RESULTS: Mean step counts across low-to-high Qs of dis-
tribution were 1,759, 2,988, 4,377, and 7,200 steps/day,
respectively. The prevalence of frailty, as defined by the FP
model and KCL, was 11.3% and 26.8%, respectively. After
adjusting for confounders, there was a negative association
between the odds ratio (OR) and prevalence of frailty, as
defined by the FP model among people with higher step
counts (Q1: reference; Q2: OR = 0.73; 95% confidence
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interval (CI) = 0.56-0.96; Q3: OR = 0.56; 95% CI = 0.42-
0.76; and Q4: OR = 0.41; 95% CI = 0.30-0.57; P for trend
<.001). The mean step count of the population was 4,081.
The OR of frailty for a 1,000-steps/day increment was 0.74
(95% CI = 0.58-0.91) and 0.85 (95% CI = 0.72-0.97)
below 4,000 steps and above 4,000 steps, respectively. In
the spline model, this relationship was similar between the
FP model and KCL.

CONCLUSION: These findings suggest that slightly
increasing the current step count, as by 1,000 steps/day

(about 10 minutes of activity), may potentially prevent
frailty. ] Am Geriatr Soc 68:2310-2318, 2020.

Keywords: older adults; frailty; step; accelerometer;
restricted cubic spline model

INTRODUCTION

tems decline in function due to a loss of homeostasis
following the stress response.'™ Frailty is a geriatric syn-
drome, the prevalence of which increases with age’; it is
considered a public health problem among older adults
worldwide.* It has been reported that frailty is associated
with harmful events, such as the risks of mortality’” and
disability.>”® Therefore, to prolong healthy life expectancy
in older adults and to reduce the burden of medical and
older person care costs, it is necessary to reduce the preva-
lence of frailty® and establish sustainable, comprehensive,
and effective public health programs with the objective of
preventing frailty.

Several prospective cohort studies have reported that
all-cause mortality is lower in middle-aged® and older'%'?
adults with high daily step counts. Furthermore, an increase
in step counts is associated with a decreased risk of diabetes
mellitus, type II,'* and cardiovascular disease.'®!” Increas-
ing step counts in daily life is considered as one of the most
reasonable and cost-effective approaches for reducing the

F railty is a condition in which multiple physiological sys-
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risk of several diseases. However, the association between
daily step count and prevalence of frailty had been
unknown until recently.'®!” Yuki et al.'® examined 401
older adults and found that the subjects walking less than
5,000 steps per day had a higher risk of developing frailty,
assessed using the Fried phenotype (FP) model, than those
walking 5,000 steps or more. In addition, Chen et al.'”
examined 819 older adults and reported that increased
numbers of steps were significantly associated with a lower
prevalence of frailty, as defined by the S-item FRAIL scale
(Fatigue, Resistance, Ambulation, Illness, and Loss of
weight). Therefore, increasing step count may be one
endeavor effective in preventing frailty.

Although the term of “frailty” looks simple, the defi-
nition of frailty varies between studies. There are many
such tools in existence, with much heterogeneity in their
classification and predictive abilities.'® In particular, as
one criterion of the FP model is low physical activ-
ity,'®1? sensitivity analyses that examine the relationship
between daily steps and each domain of frailty are also
needed. Hence, we aimed to evaluate the association
between step counts and the prevalence of frailty in a
community-based cohort of older adults using two vali-
dated frailty assessment tools (namely, the FP model and
Kihon Checklist (KCL)). We also examined the associa-
tion between steps and the subdomains of each assess-
ment tool. Second, the dose-response relations of daily
steps and frailty are unknown. Here, we described the
underlying dose-response associations with daily steps
and frailty using a restricted cubic spline model to allow
for potential nonlinearity.

METHODS

Study Population and Baseline Characteristic Assessment

The Kyoto-Kameoka study is a cohort study of older adults,
aged 65 years or older, residing in the city of Kameoka,
Kyoto Prefecture, Japan. In this study, the Needs in the
Sphere of Daily Life survey (baseline survey), which
included the KCL- and FP model-based Frailty Screening
Index (FSI), was conducted among 18,231 people on July
29, 2011. Details of this study are provided elsewhere.”***
In brief, these participants were assessed via the Health and
Nutrition Status Survey (additional survey) on February 14,
2012, and responses were obtained from 8,370 partici-
pants. Among them, we excluded residents of areas
assigned to a comprehensive geriatric intervention program
by a cluster randomized controlled trial (RCT) of the
Kyoto-Kameoka study (n = 524)%* and persons whose iden-
tity could not be ascertained (n = 30).>* From April to
November 2013, accelerometers were distributed to 7,534
of these participants who received resident information
from the local government of Kameoka City, excluding resi-
dents who were dead or living outside (n = 282). Valid step
count measurement was performed in 4,363 of these partic-
ipants (response rate = 57.9%). These questionnaires and
accelerometer surveys were collected by mail, and informed
consent was obtained from participants who responded to
them. Health-related information, including medical his-
tory, socioeconomic status, smoking, and alcohol consump-
tion, was extracted from the baseline and additional
surveys. This study was approved by the ethical review

board.

Table 1 Participant Characteristics by Quartile of Daily Step Count Distribution

Daily step counts

Characteristic Total (n = 3,616) Q1 (n = 904) Q02 (n = 904) Q3 (n =904) Q4 (n = 904) P value
Age, y? 723 +54 74.8 + 6.1 72.7 +5.3 714 +47 70.3+4.2 <.001
Women, No. (%)° 1,756 (48.6) 476 (52.7) 493 (54.5) 448 (49.6) 339 (37.5) <.001
BMI, kg/m?2 22.6 + 3.1 22.7 + 3.6 228+ 3.2 226+29 224 +26 .015
Alcohol drinker, No. (%)° 2,509 (69.4) 583 (64.5) 596 (65.9) 637 (70.5) 693 (76.7) <.001
Current smoker, No. (%)° 368 (10.2) 103 (11.4) 85 (9.4) 96 (10.6) 84 (9.3) .390
Living alone, No. (%)° 422 (11.7) 107 (11.8) 121 (13.4) 114 (12.6) 80 (8.9) .013
HSES, No. (%)° 1,260 (34.8) 289 (32.0) 331 (36.6) 318 (35.2) 322 (35.6) .183
Education =13y, No. (%)° 880 (24.3) 185 (20.5) 207 (22.9) 222 (24.6) 266 (29.4) <.001
Denture use, No. (%) 2084 (57.6) 555 (61.4) 529 (58.5) 522 (57.7) 478 (52.9) <.001
No medication, No. (%)® 883 (24.4) 181 .0) 190 (21.0) 230 (25.4) 282 (31.2) <.001
Hypertension, No. (%) 1,300 (36.0) 369 .8) 330 (36.5) 303 (33.5) 298 (33.0) .002
Stroke, No. (%) 113 (3.1) 3.2) 31 (3.4) 21 (2.3) 32 (3.5) 410
Heart disease, No. (%)° 427 (11.8) 135 14 9) 120 (13.3) 79 (8.7) 93 (10.3) <.001
Diabetes mellitus, type Il, No. (%)° 353 (9.8) 101 (11.2) 84 (9.3) 81 (9.0) 87 (9.6) 410
Hyperlipidemia, No. (%)° 400 (11.1) 96 (10.6) 118 (13.1) 105 (11.6) 81 (9.0) .041

Note: The BMI was calculated by dividing the weight (kg) by the square of the height (m). For participants with missing values, the missing values were com-
pleted by multiple imputation: BMI (n = 7), alcohol status (n = 128), smoking status (n = 137), family structure (n = 266), socioeconomic status (n = 153),
education attainment (n = 276), denture use (n = 93), and medications (n = 256). Q1 through Q4 include daily step count of fewer than 2,406, 2,406 to

3,619, 3,620 to 5,304, and 5,310 or more steps/day, respectively.

Abbreviations: BMI, body mass index; HSES, high socioeconomic status; Q, quartile.

The P-values indicated in bold are statistically significant (P < .05).

*Continuous variables are shown as mean and standard deviation and were analyzed using variance analysis.

bCategorical variables are shown as number of cases (percentage) and were analyzed using the chi-squared test.
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Among these participants included at baseline
(n = 4,363), we excluded those with incomplete responses
to the FP model and the KCL for assessment of frailty
(n = 528), those from whom valid accelerometer step count
data for at least 4 days were not obtained (n = 209),%° and
those whose sex did not match between the baseline and
additional surveys (n = 10).** Ultimately, we included
3,616 participants in the present study.

Assessment of Daily Steps

We used a triaxial accelerometer (EW-NKS52; Panasonic
Co, Ltd) to measure daily step counts as an objective index
of physical activity. This accelerometer was manufactured
based on the Actimarker (EW4800; Panasonic Co, Ltd), an
accelerometer for research use,”®2” as a low-cost version
for general public use. The accelerometers and papers
describing instructions for accelerometer use were sent by
mail to the residents, who were requested to wear the accel-
erometers for 10 days. Participants were instructed to con-
tinue with their lives as wusual while wearing the
accelerometers on the waist from waking up to bedtime,

except while sleeping, bathing, and swimming. The daily
step count was obtained using the memory function of the
accelerometer. Data were considered as outliers if the daily
step count was the first percentile or less (males: 499 steps;
females: 653 steps) or the 99th percentile or more (males:
18,623 steps; females: 16,746 steps) of the distribution of
the daily step count in older adults from the previously
reported National Health and Nutrition Surveys Japan®®;
these data were excluded. To calculate daily step counts,
their sum surveyed over at least 4 days (including 1 non-
working day) was divided by the number of survey days to
obtain the mean daily step count.

Definition of Frailty

Frailty was evaluated using the self-reporting FP model-
based self-reporting five-item  FSI® and  25-item
KCL,71%-2022:2429 both of which have been validated. The
FP model is evaluated primarily in terms of physical aspects
(physical frailty),®'?** whereas defined on the basis of the
KCL is evaluated in multifaceted terms (comprehensive
frailty), taking account of social and cognitive aspects as

Table 2 Accuracy and Precision of Accelerometer Daily Step Counts Estimated by Age and Sex

Daily step counts

Age, y

Sex

>75 (n = 1,100) Men (n = 1,860) Women (n = 1,756)

Variable Total (n = 3,616) <75 (n = 2,516)
Steps/d, mean + SD 4,081 + 2,218 4,449 + 2 270
CVw, %2 547 52.6
CVb, %? 54.3 51.0
VRP 1.01 1.03
Required group size®
Specified % deviation
25 3,658 3,303
5 914 826
10 229 206
20 57 52
Required survey periods®
Specified CC
0.80 2 2
0.85 3 3
0.90 4 4
0.95 9 10
Required survey periods®
Specified % deviation
5 461 426
10 115 106
20 29 27
30 13 12

3,240 + 1,837 4,335 + 2,377 3,812 + 2,003
55.3 56.7 52.6
56.7 54.8 52.5

0.97 1.03 1.00
3,852 3,824 3,400
963 956 850
241 239 212
60 60 53
2 2 2
3 3 3
4 4 4
9 10 9
469 494 426
117 124 106
29 31 27
13 14 12

Abbreviations: CC, correlation coefficient; CV), coefficient of between-person variation; CV,,, coefficient of within-person variation; VR, variance ratio.

*The CV,, and CVj, for daily step counts were calculated using analysis of variance.

PIndicates within-person/between-person VR.

L

“The group size = 1.962 X [(CVy2 + CV,,2)/D¢?] required to estimate a group’s

true” mean accelerometer daily step count within a 95% confidence interval

with a specified percentage deviation (Dy), where Dy, is the specified percentage deviation. All values are group sizes.

9The number of accelerometer survey days = [r*/(1 — #*)] X VR required to obtain a specified correlation coefficient (r) between an individual’s measured

value and unmeasured usual “true” mean daily step count, where 7 is the specified correlation coefficient and an index of confidence related to an individ-
ual’s classification or ranking within a population. All values are numbers of days.

®The number of days = (1.96 x CV,,/D;)? required to estimate an individual’s

true” mean accelerometer daily step count within a 95% confidence interval

with a specified percentage deviation (D), where D is a specified percentage deviation. All values are numbers of days.
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well as physical factors.”!?2022%2% Erailty based on the
FP model-based FSI was defined as meeting at least three of
five points.® The KCL has a score range from 0 (no frailty)
to 25 (high frailty) points, and frailty was defined as 7 or
more of 25 points.”>!??%222* A prospective cohort study
reported that FSI and KCL can predict the risk of Long-
Term Care Insurance Certification.”® Additionally, we
investigated the association between the subdomains evalu-
ated using the FP model and KCL*’ and daily step count.

Statistical Analysis

Daily step counts were divided into four groups by quartiles
(Qs). Descriptive statistics for continuous and categorical
variables are expressed as means and standard deviations
and frequencies and percentages and were compared
between groups using analysis of variance and the chi-
squared test. Missing values for covariates were completed
with values from five data sets produced by multiple impu-
tation, using the multivariate imputation by chained equa-
tion package in the R environment.’® All missing values
were assumed missing at random.

We evaluated the accuracy and precision of accelerom-
eter daily step counts by using previously reported
equations to assess the accuracy and precision of exposure
variable estimation from between-person  variance,
within-person variance, and ratio of within-person to
between-person variance.”! These analyses were performed
after stratification by age (275 or <75 years) and sex.”!

The prevalence of frailty in each quartile for daily step
counts is presented as the number of cases and as a percent-
age. We used multivariate logistic regression including base-
line covariates to adjust for confounders in the association
between daily step counts and prevalence of frailty. Multi-
variate analysis was verified in the following two models: in
model 1, we adjusted for age (continuous), sex (female or
male), population density (21,000 or <1,000 people/km?),
and season of step count assessment (spring, summer, or
autumn); in model 2, in addition to the factors adjusted for
in model 1, we adjusted for body mass index (continuous),
smoking status (never smoker, past smoker, and current
smoker), alcohol consumption status (drinkers or non-
drinkers), duration of education (<9, 10-12, or 213 years),
medication use (yes or no), living alone (yes or no), socio-
economic status (high or low), denture use (yes or no), and
history of hypertension, stroke, heart disease, diabetes
mellitus, type II, and hyperlipidemia (yes or no). These vari-
ables were selected with reference to covariates used in a
previous study.??*? The step count assessment season was
classified as spring (April-May), summer (June-August), or
autumn (September—November) as the daily step count is
affected by seasonal variations in temperature and
humidity.*!

The results of these analyses are presented as odds
ratios (ORs) and 95% confidence intervals (Cls), and ORs
were calculated with the first quartile (the group with the
lowest daily step counts) as the reference group. ORs and
the corresponding 95% Cls were estimated for a 1,000-
steps/day increase in daily step count stratified by approxi-
mately 4,000 steps (< 4,000 or >4,000), which was the
average step count in this cohort. This cutoff is validated as
an achievable initial target in older adults for frailty

Table 3 Odds Ratios for Daily Step Counts and the Prevalence of Frailty Calculated by Multivariate Logistic Regression

1,000-Step/d increment

Quartile of daily step counts

>4,000 Steps/d

Q4 (n = 904) P for trend? <4,000 Steps/d

= 004)

Q3 (n

= 904)

02 (n

= 004)

Q1 (n

Variable

4,377 (476) 7,200 (1662)

2,088 (345)

1,759 (441)

Steps/d

FP model

65 (7.2)
0.41 (0.30-0.57)

0.41 (0.30-0.57)

86 (9.5)
0.55 (0.41-0.74)

0.56 (0.42-0.76)

110 (12.2)

148 (16.4)
1.00 (Ref)
1.00 (Ref)

Case, No. (%)

Model 1°

0.85 (0.73-0.97)
0.85 (0.72-0.97)

0.73 (0.57-0.90)

0.74 (0.58-0.91)

<.001

0.73 (0.56-0.95)
0.73 (0.56-0.96)

<.001

Model 2¢
KCL

164 (18.1)
0.49 (0.39-0.61)

214 (23.7)
0.52 (0.41-0.66)

249 (27.5)

341 (37.7)
1.00 (Ref)
1.00 (Ref)

Case, No. (%)

Model 1°

0.89 (0.81-0.97)
0.89 (0.81-0.97)

<.001 0.79 (0.67-0.91)
0.83 (0.71-0.96)

0.64 (0.51-0.79)
0.67 (0.54-0.84)

0.72 (0.58-0.88)
0.75 (0.61-0.93)

<.001

Model 2¢

Note: Daily step counts are shown as means and standard deviations. Q1 through Q4 include daily step count of fewer than 2,406, 2,406 to 3,619, 3,620 to 5,304, and 5,310 or more steps/day, respectively, in total partici-

pants. The number of frailty people is shown as number of cases (percentage). Statistical values for the association of daily step count and prevalence of frailty are shown as the odds ratio and 95% confidence interval.

Abbreviations: FP, Fried phenotype; KCL, Kihon Checklist; Q, quartile; Ref, reference.

The P-values in bold are statistically significant (P < .05).

P values of linear trends were calculated by the likelihood ratio test using the exposure variable of daily step count as a continuous variable.

"Model 1: adjusted for age, sex, region, and season in which step count was assessed.

“Model 2: in addition to the factors adjusted in model 1, we adjusted for body mass index, smoking status, alcohol consumption status, educational attainment, medication use, family structure, economic status, den-

ture use, and history of hypertension, stroke, heart disease, diabetes mellitus, type II, and hyperlipidemia.
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Figure 1 Association of frailty, as defined by the Fried phenotype (FP) model (A) and the Kihon Checklist (KCL) (B), and daily step
counts based on the restricted cubic spline logistic regression model. FP model-based judgment of frailty was defined among per-
sons who meet at least 3 of 5 points. KCL-based judgment of frailty was defined among persons with at least 7 of 25 points. Solid
lines represent odds ratios (ORs); dashed lines represent 95% confidence intervals (CIs). ORs were calculated with the first quartile
value of 1,759 steps/day as the reference. If the 95% CI for the OR did not span 1.00, the P value was estimated to be <.05, and if
the 95% CI did span 1.00, the P value was estimated to be >.05. The adjusted factors were age, sex, region, step count assessment
season, body mass index, smoking status, alcohol consumption status, education attainment, medication use, family structure,
socioeconomic status, denture use, and history of hypertension, stroke, heart disease, diabetes mellitus, type I, and hyperlipidemia.

management.'” In addition, these analyses were stratified
by age (>75 or <75 years) and sex. The linear trend was cal-
culated by the likelihood ratio test, using the exposure vari-
able of daily step count as a continuous variable. In
addition, to evaluate the curve of the association of daily
step count and prevalence of frailty, we used the restricted
cubic spline model from three data points (5th, 50th, and
95th percentiles) based on the distribution for rec-
ommended daily step count.'” The results of these are pres-
ented as ORs and 95% ClIs, and ORs were calculated with
the first quartile value of 1,759 steps/day as the reference.'!

All statistical analyses were performed using STATA
MP Version 15.0 (StataCorp LP) and/or R software 3.4.3
(R Core Development Team). A 5% significance level was
used for the statistical analysis.

RESULTS

Table 1 shows participant characteristics by quartile for
daily step count in the cohorts assessed. Those with higher
daily step counts were more likely to be male, use no medi-
cations, and have higher educational attainment. They were
also younger and had lower rates of hypertension history,
hyperlipidemia history, and denture use.

Table 2 shows the mean, accuracy, and precision of
accelerometer-estimated daily step counts by age and sex.
Mean daily step counts were higher among men than
among women and higher among participants younger than
75 years than among those aged 75 years or older. The
larger values of between-person variance, within-person
variance, and within-person variance/between-person vari-
ance ratio imply that a larger population and number of
survey days are required for daily step count assessment.
However, no great difference by age or sex was observed in
these variances. Group sizes required to estimate a group’s
“true” mean daily step count by an accelerometer within a
95% CI with 5% deviation ranged from 826 people

(<75 years old) to 963 people (275 years old); 4 days of
accelerometer survey data were required to obtain a corre-
lation coefficient () of 0.90 between an individual’s mea-
sured value and his/her “true” unmeasured usual mean
daily step count.

We assessed the association between the prevalence of
frailty and daily step count using multivariate analysis
(Table 3). The mean daily step counts for each quartile were
1,759, 2,988, 4,377, and 7,200 steps, respectively. The
prevalence of frailty, as defined by the FP model and KCL
in the study cohort, was 11.3% and 26.8%, respectively.
We demonstrated that daily step count is negatively associ-
ated with OR for prevalence of frailty, as defined by the FP
model, even after adjusting for baseline confounding factors
(Q1: reference; Q2: OR = 0.73; 95% CI = 0.56-0.96; Q3:
OR = 0.56; 95% CI = 0.42-0.76; Q4: OR = 0.41; 95%
CI = 0.30-0.57); P for trend <.001). This relationship was
similar even after stratification by sex and age. Moreover,
the multivariable-adjusted OR (95% CI) of frailty for a
1,000-steps/day increment was 0.74 (0.58-0.91) in partici-
pants with fewer than 4,000 steps and 0.85 (0.72-0.97) in
those with 4,000 steps or more. Similar findings were
observed when frailty was defined by the KCL. In addition,
when stratifying the sample by age and sex groups, results
for women and individuals aged 75 years or older were
more marked (Supplementary Tables S1 and S2). We dem-
onstrated that the daily step count is negatively associated
with OR for prevalence of slow gait speed, exhaustion, and
low physical activity, evaluated using the FP model sub-
domains (Table 4), which showed a negative relationship
with OR for prevalence of instrumental activity of daily liv-
ing disability, physical frailty, oral frailty, social frailty, and
depression, evaluated using the KCL subdomains (Supple-
mentary Table S3).

To evaluate the curve of the association between the
prevalence of frailty and daily step counts, we used the
restricted cubic spline model (Figure 1). When the first
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quartile (1,759 steps) for daily step count was used as the
reference, the shape of the curve showed a strong and nega-
tive association between daily step count and prevalence of
both frailty defined by the FP model or KCL up to approxi-
mately 4,500 steps/day, which was the average step count
of the current population. After this, daily step counts of up
to approximately 14,000 steps showed a moderate dose-
dependent negative association with the prevalence of
frailty.

DISCUSSION

In this study, we used a population-based cohort study of
older adults to investigate the association between daily step
counts and prevalence of frailty, as defined by two validated
assessment tools. We found that even after adjusting for
confounders, the prevalence OR of frailty defined by the FP
model was 27% lower in the second quartile (approxi-
mately 3,000 steps/day) of the daily step count distribution
than in the lowest quartile (approximately 1,800 steps/day).
To the best of our knowledge, this is the first study to reveal
the dose-response relationship between step counts and
prevalence of frailty. This shows that activity, even if not
much, may potentially be effective in reducing the preva-
lence of frailty.

Two reasons can be considered for the negative associ-
ation between daily step counts and prevalence of frailty
that our data have demonstrated. The first is that the daily
step count is associated with retention of skeletal muscle
mass. It has been reported that frail older adults can
increase skeletal muscle mass maintenance and the level of
serum insulin-like growth factor 1, an anabolic hormone,
by increasing the daily step count.*? Park et al. reported
that in their cohort, the daily step count showed a positive
relationship with appendicular muscle mass in older adults,
especially in those with lower daily step counts.>® These
findings support our data, which show that the prevalence
of frailty is lower among people with high step counts.'®
The second is that people with high step counts maintain
meaningful social relationships and have a higher quality of
life (QoL). The prevalence of social frailty, which is assessed
from components such as living alone, frequency of going
out, and relationships with friends, has been reported to
increase with age,®* and decrease in meaningful social rela-
tionships in older adults is thought to be associated with a
decrease in daily step count due to decreasing frequency of
going out. Daily step count is strongly correlated with daily
moderate to vigorous physical activity (MVPA) of at least
three metabolic equivalents (METs), and it has been
reported that the MVPA is positively associated with com-
ponents of health-related QoL, such as physical functioning,
vitality, and mental health.?> Therefore, although no causal
relationship has yet been established between social rela-
tionships and the prevalence of frailty, it has been suggested
that the prevalence of frailty may be potentially lower
among people with high step counts due to increased
opportunities to participate in society and a higher QoL.
Our data may provide useful knowledge for prolonging
healthy life expectancy in older adults and reducing the bur-
den of medical and older person care costs.

To increase physical activity among older adults, it is
important to set goals that are attainable for the individual.

Lower self-efficacy, lack of environmental supports in the
area around their homes, and more functional limitations
have been reported among participants who could not
attain 10,000 steps a day.*>® However, in an RCT of older
adults, it was reported that even without environmental
improvements, step counts increase as a result of consulta-
tion and distribution of a handbook with the objective of
setting individualized MVPA goals and increasing physical
activity, rather than a universal goal (e.g., 10,000 steps/
day).>” In Japan, the “+10” initiative encourages individ-
uals to add 10 minutes per day of MVPA, as it exceeds
three METs and can be executed in daily life,**? and it is
also endorsed by the Japanese official physical activity
guidelines for health promotion.*® A total of 10,000 steps
per day is often used as the typical daily step count goal in
wearable and smart phone software programs. However,
the scientific evidence for the goal of 10,000 steps per day
is not clear.*! Therefore, our results indicate the possibility
that the effect of increasing daily step count may be greater
in people with lower daily step counts, suggesting that the
“+10” (approximately 1,000 more steps than now), with
the objective of a small increase in step count, may be effec-
tive for shut-in or sedentary older adults with low step
counts. Our previous study demonstrated that adding
approximately 1,000 steps per day is a viable strategy for
large-scale population-based intervention.??

The strengths of this study are that we verified the asso-
ciation between daily step counts assessed by accelerometers
in a large-scale cohort study of older adults living in a
region and the prevalence of frailty as defined by two vali-
dated evaluation tools. The results for their association are
robust, and our results may have potential for further gen-
eralization. However, our study has some methodological
limitations. First, our study used a cross-sectional design.
Therefore, it is not possible to postulate that the association
observed between daily step count and prevalence of frailty
is one of direct or temporal causation. Second, we were
unable to obtain step count data from all individuals to
whom accelerometers were distributed. Therefore, it is pos-
sible that participants were more health conscious than the
general population of older adults and that our study
includes selection bias. In addition, our study included per-
sons with a history of hypertension, diabetes mellitus, type
I, hyperlipidemia, heart disease, and stroke. It is possible
that generalization of results may be hindered due to these
limitations. However, our results were similar after exclud-
ing participants with these diseases. Finally, there was a
time lag between some of the questionnaire assessments and
accelerometer step count assessments. In addition, as accel-
erometer surveys were performed between April and
November, it is possible that the step count was affected by
outside temperature or bias due to unmeasured con-
founding factors. However, because we used multivariate
analysis to adjust for factors known to be associated with
the results, such as step count assessment season and socio-
economic condition, we believe that we were able to mini-
mize the influence of confounding factors. Moreover, the
accuracy and precision of our daily step count estimations
were adequate with the sample sizes and number of survey
days (4 days) used in our study. Therefore, our research
data may offer useful clues for effective preventive interven-
tions for frailty. Increasing daily step counts may continue
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to be implemented with high priority as an initiative to pre-
vent the onset of frailty.

Daily step counts showed strong negative association
with the prevalence of frailty, even in older adults with low
step counts of approximately 3,000 steps compared with
those with low average daily step counts of approximately
1,800 steps. These findings may be encouraging to the
numerous sedentary older adults, for whom the daily step
count goal in recent years of 10,000 steps per day is
unattainable; and slightly increasing current daily step
count may contribute to the prevention of frailty.
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