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ARTICLE INFO ABSTRACT

Keywords: Background: Increasing physical activity may prevent cognitive decline. Previous studies primarily focused on
Cng,niti\‘/e function older adults and used self-reported questionnaires to assess physical activity. We examined the relationship
ij‘dem“ﬂ"gy between step count, an objective measure of physical activity, and cognitive function in community-based
apanese

middle-aged and older Japanese men.

Methods: The Shiga Epidemiological Study of Subclinical Atherosclerosis randomly recruited community-
dwelling healthy men aged 40-79 years from Shiga, Japan, and measured their step counts over 7 consecu-
tive days using a pedometer at baseline (2006-2008). Among men who returned for follow-up (2009-2014), we
assessed their cognitive function using the Cognitive Abilities Screening Instrument (CASI) score. We restricted
our analyses to those with valid 7-day average step counts at baseline and those who remained free of stroke at
follow-up (n = 676). Using analysis of covariance, we calculated the adjusted means of the CASI score according
to the quartiles of the average step counts.

Results: The mean (standard deviation) of age and unadjusted CASI score were 63.8 (9.1) years and 90.8 (5.8),
respectively. The CASI score was elevated in higher quartiles of step counts (90.2, 90.4, 90.6, and 91.8 from the
lowest to the highest quartile, respectively, [p for trend = 0.004]) in a model adjusted for age and education.
Further adjustment for smoking, drinking, and other cardiovascular risk factors resulted in a similar pattern of
association (p for trend = 0.005).

Conclusion: In apparently healthy middle-aged and older Japanese men, a greater 7-day average step count at
baseline was associated with significantly higher cognitive function score.

Middle-aged men
Physical activity
Step counts

1. Introduction

Dementia is a rapidly growing global public health problem, with the
number of patients increasing yearly (GBD, 2019 Dementia collabora-
tors, 2019). A 2017 report by the Organization for Economic Coopera-
tion and Development (OECD) revealed that Japan has the highest
prevalence of dementia per 1,000 population at 23.3, compared to an
average of 14.8 in 35 OECD member countries (OECD, 2017). Japan’s

Ministry of Health, Labor, and Welfare reports that by 2025, the number
of people with dementia will reach 7 million, accounting for approxi-
mately one in five individuals > 65 years (Cabinet Office, 2017).

The 2019 World Health Organization (WHO) guidelines on risk
reduction in cognitive decline and dementia recommended lifestyle
behaviors, including increase in physical activity, to delay or prevent
cognitive decline and dementia (WHO, 2019). Previous observational
epidemiological studies using self-reported physical activity assessments
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reported that physical activity contributes to the prevention of cognitive
decline and dementia (Abbott et al., 2004; Kishimoto et al., 2016; Sofi
et al., 2011). However, self-reported physical activity often suffers from
recall and response bias, and thus measurement error. Therefore, in
previous studies using subjective questionnaires, the associations with
cognitive function were inconsistent (Chang et al., 2010; Gross et al.,
2017; Sablina et al., 2017). Step counts are a direct and objective
measure of physical activity; therefore, a reliable measure of physical
activity in daily life (Bassett et al., 2017). Previous observational studies
from Western countries that investigated step counts and cognitive
function in older adults found a preventive effect (Calamia et al., 2018;
Rabin et al., 2019). One study showed that step count may protect
against cognitive function in old Asians (Chen et al., 2020), while there
is also a report from Japan that found no association (Yoshiuchi et al.,
2006). However, these studies focused on older adults, while habitual
effects of physical activity on healthy middle-aged adults’ cognitive
function are poorly investigated. In addition, public health guidelines
recommend regular physical activity throughout the lifespan, including
for healthy adults of all ages (Garber et al., 2011; WHO, 2020). Few
studies from Asia, including Japan, have investigated the relationship
between physical activity and cognitive function by using step counts,
objectively measured physical activity indices, including not only the
older adults but also middle-aged and older adults.

Given this background, we examined the relationship between the
average 7-day step counts and cognitive function in a community-based
sample of middle-aged and older Japanese men aged 40-79 years.

2. Methods
2.1. Participants

The Shiga Epidemiological Study of Subclinical Atherosclerosis
(SESSA) is a study on subclinical atherosclerosis and its determinants in
a sample of Japanese residents. Details of the enrollment methods have
been reported previously (Fujiyoshi et al., 2020; Kadota et al., 2013;
Moniruzzaman et al., 2020; Ueshima et al., 2016). In brief, between
2006 and 2008, we randomly selected and invited 2,379 Japanese men
aged 40-79 years, who were residents of Kusatsu City, Shiga, based on
the Basic Residents’ Register of the city, to participate in our study.
Kusatsu city is located in central Japan and has an industrial structure
similar to the average of Japan. Individuals with clinical cardiovascular
disease, or other severe physical or mental diseases, potentially hin-
dering their participation in physical activities, were excluded from the
study. A total of 1,094 men agreed to participate in the baseline exam-
ination (participation rate: 46%). Step counts was measured during the
baseline examination period (May 2006 to May 2008). Between 2009
and 2014, all participants were invited to participate in a follow-up
examination, which included an assessment of cognitive function; 853
(78.0%) agreed. Cognitive function assessment was measured from June
2010 to August 2014 during the follow-up period (2009-2014). The
mean follow-up period was 4.8 years. In this present study, using a priori
criteria, we excluded participants whose consecutive 7-day step counts
were unavailable, those who had unreliable daily step counts (<500 or
> 20,000) (n = 119), Cognitive Abilities Screening Instrument (CASI)
was not administered (n = 34), history of stroke (n = 24), or missing
other pertinent variables (n = 58), leaving 676 men for the final ana-
lyses. Written informed consent was obtained from all the participants.
The study was approved by the Institutional Review Board of Shiga
University of Medical Science (G2008-061).

2.2. Measurements

2.2.1. Measurement of step counts

Step counts were used to objectively measure SESSA participants at
baseline (2006-2008) using a pedometer (DIGI-Walker, DW-200;
Yamasa Tokei Keiki, Tokyo, Japan) for 7 consecutive days, including

Preventive Medicine Reports 38 (2024) 102615

Saturday and Sunday. Before the measurements, participants were
briefed on pedometer handling and is accurate measurement practices.
Then, participants were asked to wear the pedometer constantly on the
right anterior lumbar region of their waist belt except while sleeping,
bathing, and performing other water activities for 7 consecutive days.
Step count records were completed by the participants on a prescribed
recording form for each day, along with the date of measurement, and
mailed to the survey office after 7 consecutive days. We included only
those participants who had complete step count data for 7 consecutive
days without any outliers (< 500 or > 20,000 steps/day). We then
calculated the 7-day average step counts used for all analyses in the
current study.

2.2.2. Cognitive function

Cognitive function was assessed during follow-up examinations
(2009-2014) using participants’ performance on the CASI score
(Version J-1.0). CASI is a validated and reliable instrument that is a
comprehensive measure of intellectual and global cognitive function
developed for use in cross-cultural and cross-national studies (Teng
et al., 1994). Three raters (AF, NM, and YS) independently determined
the CASI score based on recorded responses from participants. The CASI
comprised of 25 questions in 9 domains (tasks measuring attention,
concentration, orientation, short- and long-term memory, language,
visual construction, list-generating fluency, and abstraction/judgment).
The total CASI score ranges from 0 to 100, with higher scores indicating
better cognitive function. For example, a CASI score of 82 corresponds to
a score of 25-26 on the Folstein Mini-Mental State Examination
(MMSE), and a score of 74 corresponds to a score of 22-23 on the MMSE,
a level often used to indicate cognitive impairment (Abbott et al., 2004;
Miyagawa et al., 2021). The intraclass correlation coefficient across the
raters was 0.977 based on recorded samples of 20 participants.

2.2.3. Other factors

Data regarding medical history and other lifestyle factors were
collected using a self-administered questionnaire. Lifestyle factors,
including education (years), smoking and drinking status (current/past/
never), use of medications for hypertension, diabetes, and dyslipidemia,
and physical activity level during leisure time, were obtained from each
participant using a self-administered questionnaire at baseline. Trained
research staff members confirmed their responses to the completed
questionnaire. Hypertension was defined as having an average systolic
blood pressure > 140 mmHg, or diastolic blood pressure > 90 mmHg, or
the use of medication for hypertension. Diabetes mellitus was defined as
having a fasting blood glucose level > 126 mg/dL or a concentration of
glycated hemoglobin (HbAlc) value as converted by the National Gly-
cohemoglobin Standardization Program > 6.5% and/or the use of anti-
diabetic medication. The frequency of physical activity in leisure time
was asked and categorized as “often,” “occasional,” or “rare or never.”.

2.3. Statistical analysis

We calculated the participants’ 7-day average step counts and
divided them into quartiles. In the primary analysis, we used multivar-
iable linear regression analyses to assess the association between the
exposure “7-day average step counts” and the outcome of interest
“cognitive function by CASI score,” mainly into 4 models. We first
computed the unadjusted and adjusted means of the CASI score, in
accordance, with the quartiles of step counts using the analysis of
covariance. P-values for trends were obtained with continuous CASI
scores by treating the quartiles of step counts as ordinal. Second, we
calculated the adjusted slope of the CASI score per 1,000 steps/day using
linear regression. We also adjusted for the following covariates
throughout the models: Model 1 included minimum adjustments for age
(years) and education (years); Model 2 was additionally adjusted for
smoking (current/past/never) and drinking (current/past/never);
Model 3 was further adjusted for hypertension (yes/no), diabetes
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mellitus (yes/no), lipid medication (yes/no), and the body mass index
(BMI) (kg/mz). Statistical significance was set at p < 0.05, and all an-
alyses were two-tailed. SAS version 9.4 software (SAS Institute, Cary,
North Carolina, USA) was used for all statistical analyses.

3. Results

Of the 676 participants, the mean values for age, 7-day average step
counts, and CASI score were 63.8 (standard deviation [SD], 9.1) years,
7,817 (2,984) steps, and 90.8 (5.8), respectively. There were 12 par-
ticipants (1.8%) with CASI score of 74 or less, and 52 participants (7.5%)
with CASI score of 82 or less. The participant characteristics for the
overall and step count quartiles are presented in Table 1. The most
common occupation of the participants at baseline was “employee, civil
servant” (43.8%), followed by “none” (32.5%). The most common
leisure-time physical activity was “occasional (46.6%).” The mean age,
mean BMI and some other variables were statistically different among
the step count quartiles.

Table 2 shows unadjusted and adjusted mean CASI scores according
to the quartiles of step counts. Higher quartiles of average step counts
were associated with higher CASI scores in a dose-response manner in
all of the models. This trend was similar after adjusting for age, educa-
tion, and other confounding factors, with a significant linear relation-
ship between average step counts and CASI score (e.g., 89.8 - 91.3 from
Q1 - Q4 in Model 2, p for trend = 0.008).

When average step counts were included in the models as a contin-
uous variable, greater step counts were significantly associated with
higher CASI scores independent of potential confounders (Table 3). An
increment of 1,000 steps was significantly associated with a 0.21 higher
CASI score, and this coefficient was approximately equivalent to a CASI
slope of —0.23 for each additional year of age.

4. Discussion
We found a positive independent association between physical

Table 1
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Table 2
Unadjusted and multivariable-adjusted mean CASI score according to the
quartiles of step counts, 676 men, Shiga, Japan*.

Quartiles of average Unadjusted Model 1 Model 2 Model 3
step counts per day
Q1 89.5 90.2 89.8 89.7
(88.6-90.4)  (89.4-91.0)  (88.9-90.7)  (88.7-90.6)
Q2 90.1 90.4 89.8 89.8
(89.3-91.0)  (89.6-91.2)  (88.9-90.8)  (88.8-90.8)
Q3 91.2 90.6 90.1 90.1
(90.3-92.1)  (89.8-91.4)  (89.1-91.1)  (89.1-91.0)
Q4 92.2 91.8 91.3 91.3
(91.3-93.1)  (91.1-92.6)  (90.3-92.3)  (90.3-92.2)
P for trend <0.001 0.004 0.008 0.005

Abbreviations: CASI, Cognitive Abilities Screening Instrument.
Values are means (95% confidence interval).
P for trend was obtained by treating the quartiles as ordinal.
Model 1 was adjusted for age (years) and education (years).
Model 2 was further adjusted for smoking (current/past/never) and drinking
(current/past/never).
Model 3 was further adjusted for hypertension (yes/no), diabetes mellitus (yes/
no), lipid medication (yes/no), and body mass index (kg/m?).

“ Step counts and other factors were surveyed in 2006-2008, and CASI scores
were surveyed in 2009-2014. The mean follow-up period was 4.8 years and the
loss to follow up was 22%.

activity assessed by 7-day average step counts at baseline and the CASI
score at follow-up in a community-based sample of middle-aged and
older Japanese men. In this study, participants with higher 7-day
average step counts were associated with higher CASI scores on an
average 5 years later (at follow-up). This relationship was similar after
adjusting for age and educational level. The relationships were also
consistent in other models adjusted for smoking and drinking status and
potential cardiovascular risk factors. Our results were in line with those
of similar studies using average steps conducted in the older participants
(Calamia et al., 2018; Chang, 2020; Rabin et al., 2019; Yoshiuchi et al.,

Baseline characteristics according to the quartiles of step counts, 676 men aged 40-79 years, Shiga, Japan, 2006—-2008.

Average step counts over 7 consecutive days (step/day)

Total (N = 676) <5552 5553-7582 7583-9774 >9775
4134 (1032) 6685 (576) 8635 (581) 11812 (1540)
Q1 (n = 169) Q2 (n = 169) Q3 (n = 169) Q4 (n = 169) p*

Age, years 63.8 9.1) 66.0 (10.0) 64.9 (8.4) 62.0 9.3) 62.4 (8.1) <0.001
Education, years 12.6 2.9 12.2 3.3) 12.6 2.7 12.8 (2.8) 12.6 (3.0) 0.324
Body mass index, kg/m? 23.6 (3.0) 24.5 (3.4) 23.6 2.7) 23.4 (3.0) 23.1 (2.6) <0.001
Systolic blood pressure, mmHg 135.5 (18.2) 136.3 (17.5) 137.2 (20.1) 134.4 (17.6) 133.9 (17.3) 0.279
Glucose, mg/dL 103.0 (20.7) 105.0 (22.1) 101.5 (19.2) 102.9 (19.7) 102.4 (21.6) 0.449
Hypertension, % 54.6 59.8 57.4 50.3 50.9 0.208
Diabetes mellitus, % 23.5 26.0 24.9 23.7 19.5 0.520
Lipid medication, % 14.4 21.3 14.8 10.7 10.7 0.015
Smoking, % 0.067

Current 32.3 35.5 38.5 32.5 22.5

Past 50.2 48.5 43.8 50.9 57.4

Never 17.6 16.0 17.8 16.6 20.1
Drinking, % 0.006

Current 78.3 67.5 81.7 81.7 82.3

Past 5.2 8.3 3.0 3.6 5.9

Never 16.6 24.3 15.4 14.8 11.8
Occupation, % <0.001

Agriculture, forestry, and fishery 3.1 3.0 1.8 3.0 4.7

Self-employed 11.2 11.8 14.8 9.5 8.9

Employee, civil servant 43.8 30.2 37.3 52.1 55.6

None 325 47.3 36.1 28.4 18.3

Others 9.3 7.7 10.1 7.1 12.4
Frequency of physical activity in leisure time, % <0.001

Often 26.5 13.0 20.7 33.1 39.1

Occasional 46.6 47.9 50.3 42.0 46.2

Rare or never 26.9 39.1 29.0 24.9 14.8

Values are means (standard deviations) unless otherwise specified.
*P-values were calculated using one-way analysis of variance or chi-square tests.



T. Shibukawa et al.

Table 3
Multivariable adjusted slope of CASI score using linear regression analyses, 676
men, Shiga, Japan*.

Slope of CASIscore  95% CI P

Step counts (per 1000 counts) 0.21 0.07 to 0.34 0.003
Age (per 1 year) -0.23 —0.28 to —0.18 <0.001
Education (per 1 year) 0.48 0.34 to 0.61 <0.001
Body mass index (per 1 kg/m?) 0.05 —0.09 to 0.19 0.465
Hypertension (yes) —0.53 —1.35t0 0.30 0.211
Diabetes mellitus (yes) —0.80 -1.72t0 0.13 0.091
Lipid medication (yes) 0.76 —0.36 to 1.89 0.184
Smoking (versus never)

Current —0.28 —1.43 to 0.87 0.634

Past -0.13 —1.19 to 0.93 0.814
Drinking (versus never)

Current 0.38 —0.66 to 1.42 0.469

Past -1.35 —3.28 to 0.58 0.171

All variables are included simultaneously in the model.
" Step counts and other factors were surveyed in 2006-2008, and CASI scores
were surveyed in 2009-2014.

2006), with only one study (Spartano et al., 2019) involving American
adults including middle-aged participants. To the best of our knowledge,
this study is among the first to examine the association between step
count and cognitive function in Asians, including middle-aged com-
munity-dwelling men.

Most of the evidence on the association between physical activity,
age-related neurodegeneration, and cognitive decline has relied on self-
reported physical activity in older adults (Kishimoto et al., 2016; Willey
et al., 2016). A few previous studies in middle-aged adults suggest that
promoting an active lifestyle may reduce the risk of dementia later in life
(Chang et al., 2010; Engeroff et al., 2018). However, their protective
effects were inconsistent and inconclusive (Gross et al., 2017; Sabia
et al., 2017). This may be due to the reliance on self-reported physical
activity assessment. When given subjective analyses, participants typi-
cally find it difficult and complex to complete the questionnaire with a
detailed response/recall of physical activity within a certain period.
These results lead to discrepancies in physical activity measurement.
Therefore, it is difficult to establish the reliability and validity of ques-
tionnaires (Washbum & Montoye, 1986). In addition, self-reported
physical activity may be subject to reporting bias and recall bias (e.g.,
social desirability and inaccurate memory) and, thereby, measurement
error. Step counts can potentially eliminate these limitations. Impor-
tantly, step counts are a fundamental unit of human locomotion and are
thus a preferred metric for quantifying physical activity (Bassett et al.,
2017). Pedometers are widely used to capture daily step counts at the
population level and are easy to use in daily life with little discomfort to
the user. A few previous studies on physical activity during the adult life
span and cognitive function during old age have analyzed objectively
measured physical activity using pedometers and accelerometry.
Because step counts measure basic human behavior, there is biological
variability, and to obtain valid and reliable estimates, steps should be
measured within 7-days, including Sunday (Baumgart et al., 2015;
Clemes et al., 2008). This study considered this issue and evaluated step
counts on 7 consecutive days, including Saturday and Sunday.

The optimal duration of the activity, the type and intensity of the
exercise, and the period during a person’s lifespan are still not clear to
maximize potential protective effects (Baumgart et al., 2015). The
amount of physical activity recommended by guidelines in Western and
Asian countries was estimated to be approximately 7,000 to 10,000
steps/day (Garber et al., 2011; Tudor-Locke et al., 2011). Still, it is
unclear and debatable how much of an increase from the current level
would be effective. The present study suggests that an increase of 1,000
average daily step counts may offset cognitive decline by approximately
one year. The average step counts of the Japanese population measured
at the same time as the baseline of the present study were reported to
have decreased by nearly 1,000 steps per day compared to 10 years
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earlier and continued to decrease after that (Takamiya & Inoue, 2019).
This finding may reflect the clinical importance of walking for preser-
ving cognitive results in apparently healthy adults since daily steps
decreased with age in men (Takamiya & Inoue, 2019). These may
involve a lower cardiovascular risk profile (Inoue et al., 2012; Rabin
et al., 2019), maintenance of hippocampal volume (Machida et al.,
2022) and reduced loss of brain tissue (Chang et al., 2010; Rabin et al.,
2019) due to increased daily steps. Recent studies by our colleagues on
the same sample as the present study suggest that an increased number
of daily steps plays an essential role in showing substantial clinical
significance for brain atrophy (Moniruzzaman et al., 2021) and white
matter lesions (Moniruzzaman et al., 2020).

For maximum impact, the social implementation of our research
findings should be considered. Lifestyle-related preventive intervention
strategies targeting societal increases in physical activity in midlife may
help to delay or prevent dementia because there are no drugs to stop or
reverse the dementia process (Iso-Markku et al., 2022). Simple and
inexpensive pedometers can easily be adopted for clinical and real-
world applications, including direct use by the general public as a tool
for motivating physical activity (Tudor-Locke et al., 2011). Many
wearable devices, such as smartphone applications and smart watches,
have been developed recently to measure physical activity easily. It
would be important for people to improve their physical activity by
using these devices on a daily basis. Although not many adults meet the
WHO guideline (WHO, 2020) recommendations for moderate-to-
vigorous physical activity promotion (Macniven et al., 2012; Tucker
et al., 2011), it is reasonable and feasible to capture physical activity in
terms of step counts because the higher the daily step counts, the more
significant the relative contribution of time spent in moderate-to-
vigorous physical activity (Amagasa et al., 2021). In addition, pedom-
eter usage per se may induce a Hawthorne effect of 20% or more
(Bravata et al., 2007; Snyder et al., 2011), in which participants
consciously increase their step counts. Therefore, it is important to have
a step goal (Bravata et al., 2007) as per our results, in which steps in-
crease by 1,000 step counts per day. We believe that the results of the
present study will provide new insights into the health impacts of daily
steps.

This study had some limitations. The first limitation was that
cognitive function was not assessed at the baseline. Step counts were
measured 5 years prior to the cognitive assessment. Thus, the likelihood
of reverse causality for lower step counts resulting from potential
cognitive decline is low. Second, data for the present study were only
available for men; therefore, the findings cannot be adapted to women.
Further research for the broader middle-aged and older adult popula-
tion, including women, are needed to assess the generalizability of these
results. Third, pedometers cannot capture some types of physical ac-
tivity, such as swimming, cycling, and weightlifting. In addition, 7-day
step count assessed by the pedometer in this study may not accurately
evaluate the participants’ overall physical activity level. It would be
underestimated. Finally, other unmeasured factors affecting both
physical activity and cognitive function may have led to residual
confounding.

5. Conclusions

Our results showed that a greater 7-day average step count at base-
line was associated with significantly higher cognitive function 5 years
later at follow-up in apparently healthy middle-aged and older Japanese
men. These findings suggest that a higher number of steps is associated
with better cognitive function.

Funding source
The SESSA has been supported by JSPS KAKENHI Grant Number

JP21249043, JP23249036, JP25253046, JP23590790 from the Minis-
try of Education, Culture, Sports, Science and Technology Japan, from



T. Shibukawa et al.

Glaxo-Smith Kline GB (number N/A). The present study was initiated
and analyzed by the authors. The funding sources listed above had no
role in the study design, collection, analyses, interpretation of results, or
manuscript writing.

CRediT authorship contribution statement

Takeshi Shibukawa: Conceptualization, Formal analysis, Writing —
original draft, Writing — review & editing. Akira Fujiyoshi: Conceptu-
alization, Data curation, Formal analysis, Funding acquisition, Meth-
odology, Project administration, Writing - review & editing.
Mohammad Moniruzzaman: Writing — review & editing. Naoko
Miyagawa: Data curation. Aya Kadota: Data curation. Keiko Kondo:
Data curation. Yoshino Saito: Data curation. Sayaka Kadowaki: Data
curation. Takashi Hisamatsu: Data curation, Writing — review & edit-
ing. Yuichiro Yano: Supervision. Hisatomi Arima: Supervision,
Writing — review & editing. Ikuo Tooyama: Supervision. Hirotsugu
Ueshima: Funding acquisition, Project administration, Writing — review
& editing. Katsuyuki Miura: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Methodology, Project administration,
Writing — review & editing.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Akira Fujiyoshi reports financial support was provided by Japan Society
for the Promotion of Science. Hirotsugu Ueshima reports financial
support was provided by Japan Society for the Promotion of Science.
Katsuyuki Miura reports financial support was provided by Japan So-
ciety for the Promotion of Science. Hirotsugu Ueshima reports financial
support was provided by Glaxo-Smith Kline GB.

Data availability

Data will be made available on request.
Acknowledgments

The authors would like to thank staff members of the SESSA.
Appendices

The SESSA Research Group:

Co-principal investigators: Katsuyuki Miura, Hirotsugu Ueshima
(Shiga University of Medical Science, Otsu, Shiga).

E-mail: miura@belle.shiga-med.ac.jp (KM), hueshima@belle.shiga-
med.ac.jp (HU)

Research members: Yoshihisa Nakagawa, Yasutaka Nakano, Emiko
Ogawa, Shinji Kume, Katsutaro Morino, Itsuko Miyazawa, Yoshiyuki
Watanabe, Kazuhiko Nozaki, Ikuo Tooyama, Akihiko Shiino, Akira
Andoh, Teruhiko Tsuru, Hisakazu Ogita, Naomi Miyamatsu, Yasuyuki
Nakamura, Yuichiro Yano, Aya Kadota, Keiko Kondo, Sayuki Torii,
Takashi Kadowaki, Sayaka Kadowaki, Takahiro Ito, Ayako Kunimura,
Hiroyoshi Segawa, Yukiko Okami, Takeshi Shibukawa, Yuuichi
Sawayama, Yousuke Higo, Maya Oki, Kaori Kitaoka (Shiga University of
Medical Science, Otsu, Shiga), Akira Fujiyoshi, Aya Higashiyama
(Wakayama Medical University, Wakayama), Tomonori Okamura,
Naoko Miyagawa (Keio University, Tokyo), Tatsuya Sawamura (Shinshu
University, Matsumoto, Nagano), Michiya Igase (Ehime University, To
on, Ehime), Yasuharu Tabara (Shizuoka Graduate University of Public
Health, Shizuoka), Akira Sekikawa, Emma JM Barinas Mitchell (Uni-
versity of Pittsburgh, Pittsburgh, PA, USA), Daniel Edmundowicz
(Temple University, Philadelphia, PA, USA), Takayoshi Ohkubo (Teikyo
University, Tokyo), Atsushi Hozawa (Tohoku University, Sendai,
Miyagi), Yoshitaka Murakami (Toho University, Tokyo), Nagako Okuda

Preventive Medicine Reports 38 (2024) 102615

(Kyoto Prefectural University), Hisatomi Arima, Atsushi Satoh (Fukuoka
University, Fukuoka), Yoshikuni Kita (Tsuruga Nursing University,
Tsuruga, Fukui), Takashi Hisamatsu (Okayama University, Okayama),
Masahiko Yanagita (Doshisha University, Kyotanabe, Kyoto), Seiko
Ohno (National Cerebral and Cardiovascular Center, Suita, Osaka),
Naoyuki Takashima (Kyoto Prefectural U niversity of Medicine), Takashi
Yamamoto (Kohka Public Hospital, Shiga), Koichiro Azuma (Nerima
General Hospital, Tokyo), Maryam Zaid (Fudan University Shanghai,
China), Yoshino Saito (Aino University, Ibaraki, Osaka).

References

Abbott, R.D., White, L.R., Ross, G.W., Masaki, K.H., Curb, J.D., Petrovitch, H., 2004.
Walking and dementia in physically capable elderly men. J. Am. Med. Assoc. 292,
1447-1453.

Amagasa, S., Fukushima, N., Kikuchi, H., et al., 2021. Older adults’ daily step counts and
time in sedentary behavior and different intensities of physical activity. J. Epidemiol.
31, 350-355.

Bassett Jr, D.R., Toth, L.P., LaMunion, S.R., Crouter, S.E., 2017. Step counting: a review
of measurement considerations and health-related applications. Sports Med. 47,
1303-1315.

Baumgart, M., Snyder, H.M., Carrillo, M.C., Fazio, S., Kim, H., Johns, H., 2015. Summary
of the evidence on modifiable risk factors for cognitive decline and dementia: a
population-based perspective. Alzheimers Dement. 11, 718-726.

Bravata, D.M., Smith-Spangler, C., Sundaram, V., et al., 2007. Using pedometers to
increase physical activity and improve health: a systematic review. J. Am. Med.
Assoc. 298, 2296-2304.

Cabinet Office, Japan: Annual report on the aging society: 2017(Summary). Japan:
Cabinet Office; 2017 [Cited 7 Sep 2023]. Available from: https://www8.cao.go.jp/
kourei/english/annualreport/2017/2017pdf_e.html.

Calamia, M., De Vito, A., Bernstein, J.P.K., Weitzner, D.S., Carmichael, O.T., Keller, J.N.,
2018. Pedometer-assessed steps per day as a predictor of cognitive performance in
older adults. Neuropsychology 32, 941-949.

Chang, M., Jonsson, P.V., Snaedal, J., et al., 2010. The effect of midlife physical activity
on cognitive function among older adults: AGES-Reykjavik Study. J. Gerontol. A
Biol. Sci. Med. Sci. 65, 1369-1374.

Chang, Y.T. Physical activity and cognitive function in mild cognitive impairment. ASN
Neuro 2020;12: 1759091419901182. doi: 10.1177/1759091419901182.

Clemes, S.A., Griffiths, P.L., 2008. How many days of pedometer monitoring predict
monthly ambulatory activity in adults? Med. Sci. Sports Exerc. 40, 1589-1595.
Engeroff, T., Ingmann, T., Banzer, W., 2018. Physical activity throughout the adult life
span and domain-specific cognitive function in old age: a systematic review of cross-

sectional and longitudinal data. Sports Med. 48, 1405-1436.

Fujiyoshi, A., Miura, K., Ohkubo, T., et al., 2020. Proteinuria and reduced estimated
glomerular filtration rate are independently associated with lower cognitive abilities
in apparently healthy community-dwelling elderly men in Japan: A cross-sectional
study. J. Epidemiol. 30, 244-252.

Garber, C.E., Blissmer, B., Deschenes, M.R., et al., 2011. American College of Sports
Medicine position stand. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in
apparently healthy adults: guidance for prescribing exercise. Med. Sci. Sports Exerc.
43, 1334-1359.

Gbd, 2019. 2016 Dementia collaborators. Global, regional, and national burden of
Alzheimer’s disease and other dementias, 1990-2016: a systematic analysis for the
Global burden of disease study 2016. Lancet Neurol. 18, 88-106.

Gross, A.L., Lu, H., Meoni, L., Gallo, J.J., Schrack, J.A., Sharrett, A.R., 2017. Physical
activity in midlife is not associated with cognitive health in later life among
cognitively normal older adults. J. Alzheimers Dis. 59, 1349-1358.

Inoue, S., Ohya, Y., Tudor-Locke, C., Yoshiike, N., Shimomitsu, T., 2012. Step-defined
physical activity and cardiovascular risk among middle-aged Japanese: the National
Health and Nutrition Survey of Japan 2006. J. Phys. Act. Health 9, 1117-1124.

Iso-Markku, P., Kujala, U.M., Knittle, K., Polet, J., Vuoksimaa, E., Waller, K., 2022.
Physical activity as a protective factor for dementia and Alzheimer’s disease:
systematic review, meta-analysis and quality assessment of cohort and case-control
studies. Br. J. Sports Med. 56, 701-709.

Kadota, A., Miura, K., Okamura, T., et al., 2013. Carotid intima-media thickness and
plaque in apparently healthy Japanese individuals with an estimated 10-year
absolute risk of CAD death according to the Japan Atherosclerosis Society (JAS)
guidelines 2012: The Shiga Epidemiological Study of Subclinical Atherosclerosis
(SESSA). J. Atheroscler. Thromb. 20, 755-766.

Kishimoto, H., Ohara, T., Hata, J., et al., 2016. The long-term association between
physical activity and risk of dementia in the community : the Hisayama Study. Eur.
J. Epidemiol. 31, 267-274.

Machida, M., Takamiya, T., Amagasa, S., et al., 2022. Objectively measured intensity-
specific physical activity and hippocampal volume among community-dwelling
older adults. J. Epidemiol. 32, 489-495. https://doi.org/10.2188/jea.JE20200534.

Macniven, R., Bauman, A., Abouzeid, M., 2012. A review of population-based prevalence
studies of physical activity in adults in the Asia-Pacific region. BMC Public Health
12, 41.

Miyagawa, N., Ohkubo, T., Fujiyoshi, A., et al., 2021. Factors associated with lower
cognitive performance scores among older Japanese men in Hawaii and Japan.

J. Alzheimers Dis. 81, 403-412.


http://shiga-med.ac.jp
http://shiga-med.ac.jp
http://shiga-med.ac.jp
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0005
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0005
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0005
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0010
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0010
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0010
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0015
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0015
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0015
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0020
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0020
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0020
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0025
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0025
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0025
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0035
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0035
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0035
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0040
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0040
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0040
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0050
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0050
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0055
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0055
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0055
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0060
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0060
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0060
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0060
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0065
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0065
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0065
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0065
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0065
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0070
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0070
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0070
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0075
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0075
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0075
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0080
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0080
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0080
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0085
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0085
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0085
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0085
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0090
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0090
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0090
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0090
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0090
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0095
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0095
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0095
https://doi.org/10.2188/jea.JE20200534
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0105
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0105
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0105
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0110
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0110
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0110

T. Shibukawa et al.

Moniruzzaman, M., Kadota, A., Segawa, H., et al., 2020. Relationship between step
counts and cerebral small vessel disease in Japanese men. Stroke 51, 3584-3591.

Moniruzzaman, M., Kadota, A., Shiino, A., et al., 2021. Seven-day pedometer-assessed
step counts and brain volume: a population-based observational study. J. Phys. Act.
Health 18, 157-164.

OECD. Health at a Glance 2017: OECD Indicators. Paris: OECD Publishing; 2017 [Cited 7
Sep 2023]. Available from: https://www.oecd.org/social/health-at-a-glance-
19991312.htm.

Rabin, J.S., Klein, H., Kirn, D.R., et al., 2019. Associations of physical activity and
p-amyloid with longitudinal cognition and neurodegeneration in clinically normal
older adults. JAMA Neurol. 76, 1203-1210.

Sabia, S., Dugravot, A., Dartigues, J.F., et al., 2017. Physical activity, cognitive decline,
and risk of dementia: 28 year follow-up of Whitehall II cohort study. BMJ 357,
j2709. https://doi.org/10.1136,/bmj.j2709.

Snyder, A., Colvin, B., Gammack, J.K., 2011. Pedometer use increases daily steps and
functional status in older adults. J. Am. Med. Dir. Assoc. 12, 590-594.

Sofi, F., Valecchi, D., Bacci, D., et al., 2011. Physical activity and risk of cognitive
decline: a meta-analysis of prospective studies. J. Intern. Med. 269, 107-117.

Spartano, N.L., Demissie, S., Himali, J.J., et al., 2019. Accelerometer-determined
physical activity and cognitive function in middle-aged and older adults from two
generations of the Framingham Heart Study. Alzheimers Dement. (n y) 5, 618-626.

Takamiya, T., Inoue, S., 2019. Trends in step-determined physical activity among
Japanese adults from 1995 to 2016. Med. Sci. Sports Exerc. 51, 1852-1859.

Preventive Medicine Reports 38 (2024) 102615

Teng, E.L., Hasegawa, K., Homma, A., et al., 1994. The Cognitive Abilities Screening
Instrument (CASI): A practical test for cross-cultural epidemiological studies of
dementia. Int. Psychogeriatr. 6, 45-58.

Tucker, J.M., Welk, G.J., Beyler, N.K., 2011. Physical activity in U.S.: adults compliance
with the Physical Activity Guidelines for Americans. Am. J. Prev. Med. 40, 454-461.

Tudor-Locke, C., Craig, C.L., Aoyagi, Y., et al., 2011. How many steps/day are enough?
For older adults and special populations. Int. J. Behav. Nutr. Phys. Act. 8, 80.

Ueshima, H., Kadowaki, T., Hisamatsu, T., et al., 2016. ACCESS and SESSA Research
Groups. Lipoprotein-associated phospholipase A2 is related to risk of subclinical
atherosclerosis but is not supported by Mendelian randomization analysis in a
general Japanese population. Atherosclerosis 246, 141-147.

Washbum, R.A., Montoye, H.J., 1986. The assessment of physical activity by
questionnaire. Am. J. Epidemiol. 123, 563-576.

WHO. Risk reduction of cognitive decline and dementia: WHO guidelines. Geneva: World
Health Organization; 2019 [Cited 7 Sep 2023]. Available from: https://www.who.
int/publications/i/item/9789241550543.

WHO. WHO guidelines on physical activity and sedentary behaviour. Geneva: World
Health Organization; 2020 [Cited 7 Sep 2023]. Available from: https://www.who.
int/publications/i/item/9789240015128.

Willey, J.Z., Gardener, H., Caunca, M.R., et al., 2016. Leisure-time physical activity
associates with cognitive decline: The Northern Manhattan Study. Neurology 86,
1897-1903.

Yoshiuchi, K., Nakahara, R., Kumano, H., et al., 2006. Yearlong physical activity and
depressive symptoms in older Japanese adults: cross-sectional data from the
Nakanojo study. Am. J. Geriatr. Psychiatry 14, 621-624.


http://refhub.elsevier.com/S2211-3355(24)00030-5/h0115
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0115
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0120
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0120
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0120
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0130
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0130
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0130
https://doi.org/10.1136/bmj.j2709
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0140
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0140
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0145
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0145
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0150
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0150
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0150
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0155
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0155
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0160
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0160
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0160
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0165
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0165
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0170
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0170
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0175
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0175
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0175
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0175
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0180
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0180
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0195
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0195
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0195
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0200
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0200
http://refhub.elsevier.com/S2211-3355(24)00030-5/h0200

	Association of step counts with cognitive function in apparently healthy middle-aged and older Japanese men
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Measurements
	2.2.1 Measurement of step counts
	2.2.2 Cognitive function
	2.2.3 Other factors

	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendices
	References


