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Association of self-efficacy for breaking up prolonged
sitting with objectively measured sedentary
behavior among office workers

Takashi Jindo", Yuko Kai", Naruki Kitano", Hirokazu Arai?,
Mitsuru Makishima® , and Takashi Arao"

SUMMARY

Although self-efficacy is an important psychological factor for reducing sedentary behavior (SB), it is not clear
whether current scales of self-efficacy in changing SB sufficiently reflect actual changes in SB. Here, we examined the
stability of a newly developed self-efficacy scale, and the relationship between self-efficacy and objectively-measured
SB among office workers.

We conducted two different surveys with office workers from companies located in Tokyo (n =147).The newly-
developed scale used an 11-point Likert scale and asked participants whether they felt it was possible to stand
regularly to break up prolonged sitting during working time. Five levels of duration were provided (30 to 120
minutes) . The overall and prolonged SB (30 consecutive minutes or longer) during working time were obtained by a
tri-axial accelerometer.

The self-efficacy score showed moderate (0.53, 95% CI: 0.34-0.68) levels of stability at the duration level of 30
minutes, and other levels’ stability tended to decrease with the increase of the level of duration measured (0.28 to
0.44) . The self-efficacy scores for standing up at least once every 30 or 45 minutes were significantly correlated with
the total time (7= -0.28 and -0.29, respectively) , and with the number of bouts (7 = -0.25 and -0.25, respectively)
of objective prolonged SB. There were no significant correlations observed at longer levels of duration. The self-
efficacy scores at every level of duration did not show any significant correlation with overall SB.

These findings suggest that the self-efficacy for regularly standing up every 30 or 45 minutes might be an
important psychological factor for reducing prolonged SB among office workers. Based on the findings of the study,
it is recommended to use the single item of the self-efficacy scale (i.e., level of 30 min) to assess one’s perception for

prolonged SB.

Key words: sitting behavior, standing behavior, behavioral change, self-efficacy, office work.

. equivalents (METs) or lower?. Sitting consecutively
Introduction , .
for 30 minutes or longer constitutes prolonged SB,

Previous studies report that office workers spend more
than half of their working time in a sitting position?,
which is a type of sedentary behavior (SB). SB is

defined as having an activity intensity of 1.5 metabolic

which is significantly related with various physical and
mental health deteriorations*> . These findings suggest
that monitoring the SB of office workers is an important

and imminent health issue in modern society.
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Indeed, many office workers are forced to sit while
working at a desk. To reduce overall sitting time,
office workers can adopt height-adjustable or standing
desks or limit their time spent at a desk. However, in a
typical workplace, it is difficult to implement such
environmental (i.e., installation of ergonomic desks)
and policy changes (i.e., limit time spent at a desk).
Thus, any intervention program targeted towards
reducing SB in an office should be both practical and
effective.

There are certainly expert recommendations for
attenuating the effects of prolonged SB, including
standing up every 30 minutes to break up prolonged
SB*?. To assess the feasibility of this recommendation,
it is important to identify modifiable related factors
with prolonged SB. In terms of individual psychological
factors associated with SB, previous studies have
suggested that “self-efficacy” might be a related
factor” and proposed its inclusion in an intervention
for SB changeg). Self-efficacy is the belief that a person
can successfully perform a certain behavior” and it is
considered to be a determinant for initiating and main-

)1012) Researchers have

taining physical activity (PA
adequately examined the role of self-efficacy in PA
and they have adopted such factors in intervention
programs for behavioral change; however, it is not as
clear whether self-efficacy could also be a related factor
for SB change.

A few studies have examined the association of self-
efficacy with SB among workers'>™'”. Of these, three

13—15)and

studies used self-regulatory efficacy scales
two studies used task efficacy scales'®!” . Wilkerson et
al. (2018) reported that self-regulatory efficacy (i.e., the
confidence to stand up in a situation despite barriers
such as being busy at work or feeling tired) was a
related factor for overall SB at the workplace. On the
other hand, Busschaert et al. (2016) examined the rela-
tionship between individual psychosocial factors and

self-reported SB. They found that task efficacy for

reducing SB (i.e., willingness to stand up for a while

after a period of uninterrupted sitting) was not associ-

13’14)conﬁrm

ated with sitting time at work. Other studies
that self-efficacy was not associated with prolonged
SB. For example, De Cocker et al.(2014) found no
significant relationship between self-regulatory efficacy
and self-reported sitting time. To date, regardless of
efficacy type, previous studies report inconsistent
results regarding the association between self-efficacy
for improving SB and actual SB.

One potential reason for this inconsistency is that
each study had different definitions of the duration of
prolonged SB. Indeed, the studies mentioned above
did not set a specific duration for defining prolonged
SB in their self-regulatory’*™'¥and task'®'”efficacy
scales. Thus, the concept of prolonged SB may vary
among participants: for example, some participants
might imagine prolonged SB as uninterrupted sitting
for 30 minutes, while others might imagine it as last-
ing for a few hours. This individual variation might
affect results of correlation analyses. In addition, as
the exact duration most strongly associated with actual
prolonged SB is not known, it is necessary to set several
durations. Therefore, the self-efficacy for SB change
by standing up should be examined at several, specific
durations of prolonged sitting. Most previous studies
did not develop scales specifically for SB, but simply
adapted from PA scales. This study will clarify whether
task efficacy is associated with actual SB and further
developed a self-regulatory efficacy scale specifically
for workplace SB. Self-efficacy is known as a core
concept in social cognitive theoryw)and it has been
incorporated into many behavioral change interven-
tions. Thus, understanding the association between
self-efficacy and actual behavior will be helpful for
determining whether self-efficacy should be taken into
account in behavioral interventions. The primary
objectives of this study were to examine the stability
of the self-efficacy scale developed for this study and
to investigate the association between self-efficacy for

SB change at specific durations with the objectively-
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measured overall and prolonged SB among office

workers.
Methods

A. Participants and procedures

Office workers (n = 71) were recruited as a conve-
nience sampling from a single company in Tokyo that
helps with insurance paperwork. The first survey was
conducted in February 2018, which assessed partici-
pants’ health status, work-related stress, and self-efficacy.
The same participants completed the same question-
naire five months from the first survey as part of a
retest. The company manager reported that there was
no change in the participants’ working conditions
between the test and retest sessions.

Another 76 office workers were also convenience
sampled from eight offices in a single manufacturing
and sales company in Tokyo in November 2017. These
participants were involved in our investigation in the
association between one’s self-efficacy for SB change
and an objective measure of their SB. The survey was
conducted as part of a baseline observational evalua-
tion of office environment changew).

The protocols of the surveys involved in this study
were approved by the Ethical Committee of Meiji Yasuda
Life Foundation of Health and Welfare (approval number:
29001, 29002) . Informed consent was obtained from
all individual participants included in the study.

B. Measures

1. Self-efficacy scale for breaking up prolonged sit-

ting

A task efficacy scale was developed in this study to
assess Japanese worker’s self-efficacy for breaking up
prolonged sitting. The scale assessed one’s perception
of prolonged SB at work by asking whether they felt it
was possible to stand up regularly to break up
prolonged sitting during working time. Participants
were asked to report their expectations of the behavior
without considering whether they actually perform the

behavior. To avoid individual differences in conceptu-

alizing prolonged SB, we indicated five specific levels
of duration for standing up (i.e., 30, 45, 60, 90, and
120 minutes) . Studies reported that the mean longest
sitting duration was 98 + 34 min (range from 43 to
201 min)>”and uninterrupted sitting for 30 min or
more accounted for approximately 30 % of workplace
sitting”in office workers. Another study targeting
office workers showed that approximately half of the
participants sat uninterrupted more than 60 min for
over 70 % of total sitting time'". Based on these
previous studies, the five levels of the scale appeared
suitable for office workers.

Responses were provided on an 11-point Likert
scale, which is widely used®": completely impossible
= 0, neither agree nor disagree = 5, completely possible
= 10. This scale was developed by experts from the
fields of exercise epidemiology, occupational health,
and exercise psychology. Specifically, it was inspired
by a previously developed self-efficacy scale for

performing physical tasks®?

. The developed scale is in
Appendix 1.

2. Objective measurement of SB

In line with previous work?’, we measured SB us-
ing a tri-accelerometer. The tri-axial accelerometer
used in this study was the Active style Pro HJA-750C
(Omron Healthcare Co. Ltd., Kyoto, Japan) with an
epoch length of 60 seconds. The device was an up-
dated model of a previous one (Active style Pro
HJA-350IT) that has comparable accuracy for detect-
ing SB as ActiGraph™ GT3X+ (ActiGraph LLC,
Pensacola, Florida, USA)?*, which is commonly used
for SB research.

Participants were instructed to wear the tri-acceler-
ometer for two weeks on their waist during waking
hours, except while swimming or bathing. In data pro-
cessing, non-wear time was defined as an interval of at
least 20 consecutive minutes of no detectable intensity
in the accelerometer. A “valid day” was defined as a
day when records of activity were obtained for 10

25)

hours or more™’. Data from participants who had four
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or more valid days during the assessment period of
two weeks were treated as valid data®® . Of the valid
data, activities recorded during the standard working
hours (8:40-17:20) in the company on weekdays were
used.

The total times for both overall and prolonged SB
were calculated. Overall SB included all activities
with 1.5 METs or lower, while prolonged SB included
SB that took place over 30 consecutive minutes or
longer. The number of prolonged SB bouts was also
calculated. Based on the company’s standard working
hours (8:40-17:20; 8.67 hours), all SB variables were
converted into units of “minutes or time/working-
hours” in weekdays using the following formula:
minutes or time/working-hours = observed duration or
time/wear-time X working-hours.

3. Demographic variables

Age, gender, body mass index (BMI), and job type

(manager, office clerk, or professional) were the
demographic variables. BMI was calculated using self-
reported height and body weight for each participant.

C. Statistical analysis

Demographic variables and SB characteristics are
reported using mean = SD for the proportional
variables, and numbers and percentages for categorical
variables. Self-efficacy scores are shown using median
and interquartile scores(Q1: first quartile, and Q3:
third quartile) .

The stability of the self-efficacy scale developed in
this study was examined by the test-retest analysis.
Intraclass correlation coefficients (ICC) for each level
of duration were calculated using self-efficacy scores
that were repeatedly measured during the five-month
interval.

To examine the relationship between self-efficacy

for SB change and actual SB, Spearman’s correlation

Table 1. Characteristics of all participants.

Participants of test re-retest stability ~ Participants of correlation analysis

Variables (n=71) (n=76)

Age, mean+=SD 46.1 £11.3 40.8 = 12.2
Gender, n (%)

Male 33(46.5) 40(52.6)

Female 38(53.5) 36(47.4)
Body mass index, kg/m* 23245 24+36
Job type, n(%)

Manager 9(12.7) 15(19.7)

Office clerk 50(70.4) 40(52.6)

Professional 12(16.9) 21(27.6)
Objectively measured SB variables
Wear-time of accelerometer during working hours,
min/working-hours 507.8 £17.0
Overall SB

Total SB time, min/working-hours 394.5 £ 50.6

. ) ) ) Not applicable

Mean continuous time of SB, min/working-hours 10.9 £5.0
Prolonged SB

Total prolonged SB time, min/working-hours 139.2 £90.3

Mean continuous time of prolonged SB, min/working-hours 414+ 144

Number of bouts, time/working-hours 28*1.6

T One participant had missing data. SB; sedentary behavior.

Prolonged SB was defined as sitting time lasting for 30 minutes or longer. Working-hours indicate the standard working hours of the

company (i.e., 8.67 hours; 520 min).
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Table 2.

Intraclass correlation coefficients for test-retest stability.

Variables

Test

Retest

Median (Q1 - Q3)

Test re-test ICC (95 % CI)
Median (Q1 - Q3)

Self-efficacy for breaking up prolonged sitting

30 minutes 7 (5-10)
45 minutes 8 (5-10)
60 minutes 10 (7-10)
90 minutes 10 (8-10)
120 minutes 10(10 - 10)

5(3-8) 0.53(0.34 - 0.68)
7 (5-9) 0.44(0.23 - 0.61)
9 (7-10) 0.33(0.11 - 0.52)
10 (9-10) 0.28(0.05 - 0.48)
10(10 - 10) 0.34(0.12-0.53)

ICC; intraclass correlation coefficients.

Table 3. Correlation between self-efficacy scores and objectively measured SB variables.
Self-efficacy for breaking up prolonged sitting
Variables
30 min 45 min 60 min 90 min 120 min
Overall SB
Total SB time, min/working-hours
-0.05 -0.06 -0.04 -0.03 -0.14
Prolonged SB
Total prolonged SB time, min/working-hours -0.28 " -0.29 " -0.23 7 -0.15 0.02
Number of bouts, time/working-hours -0.257 -0.25" -0.22 -0.15 0.05

SB; sedentary behavior.

T Indicates significant association (P < 0.05).

Prolonged SB was defined as sitting time lasting for 30 minutes or longer. Working-hours indicate the standard working hours of the

company (i.e., 8.67 hours; 520 min).

coefficients (r) were calculated in each domain of SB
and for each level of duration.

IBM SPSS Statistics version 25 for Windows was
used for the analyses, and the statistical significance

was set at P < 0.05.
Results

Table 1 presents the demographic information of all
participants. The mean wear-time of the accelerometer
was 507.8%=17.0 min/working-hours, and all partici-
pants wore the accelerometer at least 80% of the wear-
time during working hours.

Table 2 shows the stability of the test at each level
of duration. ICC of self-efficacy scores between the
two tests show moderate (0.53, 95% CI: 0.34 - 0.68)
levels of stability at the duration of 30 minutes. ICC at
other durations (45, 60, 90, and 120 minutes) revealed
low stability (0.28 - 0.44) .

Table 3 reveals the correlation between self-efficacy
scores and the objectively-measured SB at each level
of duration. The median and quartile scores of self-
efficacy in each level are as follows: 30 minutes: 6
(Q1: 4, Q3: 10); 45 minutes: 7(Q1: 5, Q3: 10); 60 min-
utes, 9(Q1: 6, Q3: 10); 90 minutes, 10(Q1: 8, Q3: 10)
and 120 minutes, 10(Q1: 9, Q3: 10). None of the self-
efficacy scores at each duration showed significant as-
sociation with overall SB time. Regarding prolonged
SB, the self-efficacy scores showed significant but
weak associations with the total time at the duration of
30 minutes (r = =0.28), 45 minutes (» = =0.29), and 60
minutes (r = =0.23), and with the number of bouts at
the duration of 30 minutes (» = -0.25) and 45 minutes
(r =-0.25). The self-efficacy scores at 90 and 120
minutes showed no significant correlation with any

prolonged SB.
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Discussion

This is the first study examining the relationship
between self-efficacy for breaking up SB at specific
durations and actual SB at the workplace. The results
of this study showed that the self-efficacy for standing
up at least once every 30 or 45 minutes was associated
with the objective prolonged SB, but not with overall
SB. These findings suggest that the self-efficacy for
regularly standing up at least once every 30 to 45
minutes might be an important psychological factor
for reducing prolonged SB among office workers.

The stability of the self-efficacy scale tended to
decrease with the increase of the level of duration
measured (i.e., the correlation between the duration
and ICC was —0.76, not shown in the results). One
potential reason for the weaker stability in longer levels
of durations might be due to the difficulty of correctly
judging one’s belief in breaking up prolonged SB in
longer durations. Based on these results, we recom-
mend defining the break-up of SB as having shorter
durations (i.e., less than 45 minutes) when assessing
individuals’ self-efficacy for SB change. Indeed, the
significant relationship between self-efficacy and
prolonged SB was not observed at levels of duration
longer than 60 minutes, suggesting that the self-efficacy
scores at these durations may not be useful.

We also found significant correlations between one’s
self-efficacy scores and their prolonged SB within
shorter levels of duration (30 to 60 minutes). This
result was different from that of previous studies,
which reported no significant relationship between
self-efficacy and SB'*!141617 The results of these
previous studies might be due to the fact that they did
not specify the duration of breaking up prolonged SB.
Indeed, the concept of prolonged SB may vary among
participants and such individual variation may affect
the detection of such relationship. By resolving this
issue, we found a significant relationship between self-

efficacy and actual SB. Therefore, we speculate that

enhancing self-efficacy within the range of shorter
durations (30 to 60 minutes) could contribute to reduc-
ing prolonged SB at the workplace.

Although the correlational coefficient in this study
was higher than that found in a previous study (r =
-0.16)"%, it was still quite low (» = -0.23 to =0.29).
Therefore, focusing on a task efficacy or adopting a
single strategy of enhancing self-efficacy may not be
enough to reduce prolonged SB in the workplace. In
addition to task efficacy, self-regulatory efficacy
improves understanding of self-efficacy for SB
change. Self-regulatory efficacy assesses one’s self-
efficacy for certain behaviors in situations with barriers
such as time constraints or bad weather. Previous
review suggested that barriers to self-regulatory efficacy
should fit target behaviors, participants, and situ-
ations®"; thus, such barriers should be carefully and
specifically investigated. However, current self-regula-

tory efficacy scales'*™"* )

were not developed specifically
for SB, but simply adapted from PA scales. Future
study needs to clarify specific barriers to prolonged SB
change at work and include them in a self-regulatory
efficacy scale. Such a scale should specify the duration
(i.e., 30 min) of breaking up prolonged SB.

In addition to self-efficacy for SB change, other
psychosocial factors such as having intention to reduce
SB, receiving social support, and experiencing the
norm of PA”should be considered. To reduce SB in
the workplace, it is necessary to promote other strate-
gies, such as providing information and counselling,
making changes to the office environment (e.g., modi-
fication of office layout, or adoption of height-adjust-
able desks), and modifying office policies regarding
PA and SB. These strategies have been used for
improving PA and reducing SB in many intervention
studies.

In contrast to prolonged SB, the self-efficacy for SB
change did not show any significant correlations with
overall SB at any duration. Although the reasons for

these results are not clear, it may be due to the fact that
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the duration of standing during work is short and it
may not affect total sitting time (which covers most of
the working time in the office). These results suggest
that it is necessary to distinguish between overall and
prolonged SB when investigating the relationship
between self-efficacy and actual SB.

This study has some limitations. First, the stability
of the self-efficacy scale developed in this study was
examined by a test-retest period of five months. Since
some psychological changes during this period might
have occurred, it is unclear whether the results of our
analysis reflect the exact consistency of this scale.
Thus, it is necessary to reexamine the stability of the
scale using a shorter test-retest period. Second, we
examined the relationship between the self-efficacy
score and actual SB using Spearman’s correlation coef-
ficient, but there might be some confounding factors
between these variables. Future studies are needed to
identify these confounding factors, and to adjust for
such confounding factors, in order to clarify the exact
relationship between these variables. Finally, the number
of participants in this study was relatively small, and
all participants were recruited from the same company
in Tokyo. The current findings should therefore be
replicated in a future study using a larger number of
participants with various job types and workplace

characteristics.
Conclusions

Worker’s self-efficacy for prolonged SB change
might contribute to their practice of regularly standing
up to break up sitting during work. Therefore, enhanc-
ing worker’s self-efficacy for SB change could be an
important psychological target for reducing prolonged
SB during work. Based on the stability of the test and
the association with objectively measured SB, it is
recommended to use the single item of the self-efficacy
scale (i.e., standing up at least once every 30 min) for
the assessment of worker’s perception for prolonged

SB.
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Appendix 1.
Self-efficacy scale for breaking up prolonged sitting
FEREAL TV T T 4 h Y — RE

COHEMZ, BAEODH OB L EBSLZ LICHTAEZ ZRDLBDTT,
EBRIA T o TV AN EIPIEFNTT . RZOEZITRDIU TR I IHFIDICOZDIFTLEZ Y,

PBWOMY §E2MHT 572012, B B2 TE L LH0E T

Y Y
Ao EbEd s

B B

300 1AL ESE D BASS 0 1 2 3 4 5 6 7 8 9 10
4551 EL B B 0 1 2 3 4 5 6 7 8 9 10
60521l B A5 0 1 2 3 4 5 6 7 8 9 10
904 1M BL FNE B LAY 0 1 2 3 4 5 6 7 8 9 10
1205702 1l L BN RS 0 1 2 3 4 5 6 7 8 9 10
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Comparison of the effects on mood and executive function
in older adults between intermittent and continuous
aerobic dance exercises: a pilot study

Kazuki Hyodo

e

TN S F S RS T3 5 e
T, WIS O D FEAT R IR T 2SR &
W, FEATEERE L 1L, HII A TaMmi 2 V. C
THERLTHZHET 2T a2 THY, #
HIRERECTH MO B H 72 &3 F & F AR RED S
MR S hTwa?, ZITRRIE RIS O A IER
Al 3 % FB2 1% H 4 236 B (instrumental activities
of daily living; IADL) & B3 5 2 & b HiE & h
THHY, ik zmmlicbmifoc ik
HME DA DR 2 R T 572D HEETH 5,

T & % FEATRERE DMK T I ARG & R 2
PboTHEY, ZrTHEMENL B ORKE
T ZBIET 2RO ANZATGEEE LTEH S
hTwaY, 20X 2EBOBYERE & FkIC,
— W DB A EATREAEIC G 2 DM BICH LT
MREPEATEY, ZOMEOELBT =07
R HERHLED) 7 & O R O 4 R R VEE) 0 %
BEWSPIZLTWEY, Lal, Sk
AL % Hims R BB 3 2 AR
EEAICE o T, BHRAMERH LBERE Zrp

il

RUREE OB 2 R - kTS L IEWEETH
58, LdioT, £ OmEmmEHE0ET RN Z
EAHL, KREOEIIC X B ETRIENDO B
WCOWTHGET A2 ERDONL, F/z, HEH)
ORRBEMEIIE, EENICX > TR ET S L
PHELEZELAZLIEETHSH I LN,
RO & FATHERE % 155 0 A KSR E OB B S DR
HRDOOLN D,

HADEIE IEIgANEL, 2 TH RIS
TXAHBEDMEE) & L CHRICHbE THREET
%) ZAEBPIEL EREN TS, LirL, &
DX RRBEIERE OR G REERICED &
D LB E RITT IOV TOMRIRIZIZE A LT
bhTwhv, FLALEE, RPEHOHE %2 UL
L L7221 —F R0 bpm) DILIRE ) X 24K
Bix, W CUREED HiZEEB) (110 bpm) IZHRT,
DEPGEECTEEERL D E T D, LN
FERFATHRRIZ R ICE I A2 L 2o 2IC L
7219, 22T, 20V XA REEO IR T
L FRIREZEICED L7202, Ty RE#HDT
WA PA LS FERT HBRM Y X2k E%
ERE LTz, BHOFURPETHEHBEEIS T

1) %W A G HEA S 3E MR TI R %ERT  Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo,

Japan.
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LI ENMEESNTEYY, B ER)I
XBFETERBEOLZILITEBEE L HET 5 2 & h
52 ) ZAMEBROT R E#D S L THIE
ZEVEYD, EITBRET IO LIRS LD
LR H L. 72, VAL RBOBEL
ZRAFICHRWZERCT S LT, PER2ZE
LOFIHEBOBLEIVHE LMD H 5. M
R 2 3 ) & S 1) 70 SR B 2350125 2 B BT
B3 228 TlE, AR &2 64 iR EE R Y
ZHYRHLES) &, )R 2 A b iR o sk
W7 HindE B & %2 X7z Oh% v, TORE,
] R 1 73 S By Ve 1Y) 7 S ) L2 HE T B o R
TR IRV DS, EEREZOEHZR LKL S
CENHEINRTWA Y, —), R 2 iR
WCHE DRI 2B & ke 2By T,
By O PRI AEIT R L, U SR 28 B
THIAZEFMEIhTVEY, LdioT,
SR 2 KR BE SIS A 2 72, BIRMARY X
SARERE, B2 ) X AR R CEBIC X
BHPENE OEACIZFFLEEZZAS, EBZ XD EEL L
ELAZERTHEND, ZOX) BHKRKZAY
X DR O TR D4 U X B & FATRERE
T HWENHSMIRIE, XD WRY
BB S LTIRBTE 5,

Doz hs, RETE, 7rREddk
BRI 72 ) 2 R L SE B & OS5 L vl 2 )
A DRSS W DR REATHEBIC G- 2 5 —il
POFBEZHLPIITLIEZHME L2V
Bt #tro7z. B, AMECBTARHIE LT
X, BIRMZY) X AR, ERNZ ) X AR

ZHARTHE B O PRAE LB % O PLE B IEE D
53 (K 1), HBREE, FATHRE, BIORLE
ST 2B RECURH 2) & L
&k

A. HRE

w7 e 9 4 (B 4 %4, &5 %) A3E
WMLz MEEE, AR & CTHRERE, Kt
P, PRHRRORE, Otk oRE, AR
W B2 R, FRAIBERE A3 IE % (Mini Mental State
Examination; MMSE > 23), #1195 O i ] % % »
(Geriatric Depression Scale; GDS < 7) & & % 5fF
& L7z AROFZEIE, AMEIEAN WHHRHEA
HENMGHEERZBSOKRBZHEL L EHITOK
A 1 28003%), TRTOMNRFITH LTI
EARBFFEIZ D W TOFIIZ ATV, HHIZTHZRES

Mo & %2472,
B. ¥ 7O0hMa—J
TRTOWNGEEIL, 2~ 6 HREIORKEZ 2213 T,

3EOEBICBM L7z WRBIH LT, B
HOB L IEB) M OflE, J280% H 0ES),
h7 x4 VENEEZ S X IITHR L7, B
HHIE, MMSE IZ & o> TR, GDSIZX -
T DN, EMMECAREZMRL, SR
EEAToTz. TOH, FAREOKETH S A b
W—TFTAOHHRLY) X2k LToRAT—
I7REy 7 OME R/, EBE2HHE 3 H
Hizix, #kemZ Y X A4 (Continuous 5214) B

K OMIRM 2 ) R 2R (Intermittent 521) 235457,

FEATIRRBIC G- R BB Lze MigfbE b,

£1. NEHEOHE

Bk (n=4) 2 (n=75)

Mean SD Mean SD

AEH (years) 69 1.4 70 2.5
5 & (em) 164 3.3 149 43
R (ke) 63 4.0 46 6.5
HHE (years) 14 1.9 13 1.8
MMSE (score) 29 1.2 29 1.1
GDS (score) 1.5 1.7 12 1.6

MMSE; Mini Mental State Examination, GDS; Geriatric Depression Scale.

11



12

(&R BRE) XLAFROERNEU XLFRDSHREDRS - RITHEECSADREICET 2 THviRsy

HR

<

v TDMS \/ FS, RPE v PACES

v

YWov v v vV
Continuous Zb—T % @ﬁ?gg gpﬁf‘mﬁ% 2t 2=
Intermittent 2k —T %gﬁk%§i$§W& ot 2
134> 104> 54 134>

X1, 7o ha—
TDMS; Two-Dimensional Mood Scale, FS; feeling scale, RPE; ratings of perceived exertion, PACES;

Physical Activity Enjoyment Scale.

(A) (B)

K 2. A vz ZAHEO 3008 % (2u—z7ot vy 2®)
(A Bz T MD, MEHRICEEOUT L) EEE VRS,
(B EAEAWTIRY 235, BETIWOFHE23HEE, WORTTEZ
M EEZ#RY RS, (OWMFEMEEF CHNIIRY 4225 544 2

‘i“g—o

1055 D) X Ak B0 #12, FEATHEZ X b
V—TF X NT, K&k ZIRILED R EE (Two-
Dimensional Mood Scale; TDMS) TFNZFNHIE L
2o 72, EERAEMKEE L TO % (heart rate;
HR) % #ll % L (Polar Heart Rate Monitor, Polar
Electro, Finland), MB)uiEE & L CHB)H] O ZHHN
HR 3 X OEB @ HR % & 041 F i % (heart rate
reserve; HRR) Z& 5 L 7z 38 &) O PR (feeling
scale; FS) & 7 Bl 1 % B 58 Z (ratings of perceived
exertion; RPE) % y# B B #i 1, 2 70 1%, 4 514,
6 e, 8tk MEEpHE THIICENENIE L7,
WIS, EBHEOR V=T 7 R FERTTIC, HEB)
D% L & % H A G W PACES (Physical Activity
Enjoyment Scale) Tafili L7z (X 1), EEGM4D

FERMF L TIE, SNLRE TRAELICUEL
72

C. UXLikig

AW T, VA2 fREELLCTRAu—x7 0
Cy 7P Mvi(M2), COEHTOY T A
300 FAREFEM S 72 ((A) RMkE 0 R 58
1B, (B)BEZEAITIRY 2556 F 2 0 < BfE,
(COMEZEEATIRY 72 A% 5 Wil 2 & AR [ 1 T
HEE) SR ENT WS (X 2), Continuous
Tk, Au—7 ¥R (90 bpm) DFHIZHD
¥TC3 o0& 2 Zh AT OEMT % 2 54
MWodEEz 1y beL, KEZHREFITS LY
MY R L 70 Intermittent 52 Ci&, I L5 v
A (120 bpm) D FHRICHEDETIDDOHEZZFh
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ZN30R 3 OENi T % 90R [ D EH) & 308 DIKE
EEbEL20ME1IREY PEL, ThE5ty
MY R L 7ze Wi & b RGEB R IZ 1050 &
L, ThZhoBZoKENBIEELL RS L)
TR LTz

D. IR

B E % OS5 OWEITIE, TDMS % w7219,
TDMS %, BAEDLHIRBIZONWT 8§ DDE M
HHICHLT, 0(&LEITRARV)NS 5 Gk
WIZZI)) D6 HETHEL, chooflizal
0352 L THMEEE 2 (-10~1080), Pl
L R (—20~2000) 25T & %, AT
VP B & SRR & AT IS VW 2

B OPUEAE X, FSICX AL 22" FS
&, EEPOR - AREEZ[SORGIZED T
Tl LT, -5 (& THEY)»
55 (ETHRV)DIEOMBRNETEZLDHD
ThH b,

EHOEL I IHEKIGEHORELARE
(PACES) ® HAFEM'®1Z & Y %€ L 720 PACES I3,
Fhti L7 BB ICB 3 5 18HH oM LT 1 ~
THDOTHETERZ L DT, KHEH OGN
BEWITE, EEIRE Lo L E2RT,

E. AMV=TFF X}

AWZETIX, FATHRERliE LTA v —T73}
REZ W25 ) KRR, SV avoRz Y —
YO FEICE S D LI EE, FEICIZ S
BENThFRIN, WNEHIT EERICH 50y
b LI HEEDMA FRICFR S A MHEED
HHRE —-HLTwaa1E, AFOANELET
F—K—FDINl%Z, £1—HOYLEIHTONE
LIETICloF—%2T& 57205 #  IEMEICHT X
IR L7720 A DIV — 73 EIZ301 @ Neutral
AT & 301 @ Incongruent AT HHEK S L TH
0, Y% AICHRREN S, Neutral iIfT TIE A
7)) — D FBIIIXXXX]E W) g5k, W
fk, womoOWFhrTHERSR, BT D
M2 TR TAZENRDONS, —F, In-
congruent ;{47 TIE, LB 2] [HB] [AH
ED]TEWA D4 HEOWT NN, LTFOR

REFRLDR, 7, & HOOWFI,PTE
IRENDH T END, HEEOERITH 3 2 RS %2 #
L TEIZOVWTHE§5Z & RDLNL, L
72735 T, Neutral #4712 T Incongruent ;AT
FROBREHEAEL 2 b0 CORIBKEROZEEZ A b
W—T T e UTETERBBORE L LRI L7,

F. #EtfEsh

MAEZ B (HRR, RPE, PACES) D FH IO
T, EEEAHTHIEOH S TREZIT > 72,
%B, FSICHL T, EHHo FS o Pz s
U, 4t (Continuous/Intermittent) & ey [ (G &)
i GE B P FE3) 2 L CORIR O B % ZICRCIE 535K
GW %475 720 TDMS A7, A M —TFF 3
WZBWTH, FS & FIZ S M (Continuous/Inter-
mittent) & K¢ ] GE B i /58 B) ) 0 — 5C e 8 55005
M &2AT o720 KHEAEM DAL NHHICE LTI,
FUECEICRMOEZRENL, FAENTS EILE
¥ 3 (Bonferroni) & 17 720 A EAKHEIL 5 % IT7%
L 720 # & BT 12 13 R version 3.5.1 (R Core
Team 2018) % HI\* 72,

B/ R

A. EEEE

ZNZENOEE 5D HRR OB L O
#E {72 1%, Continuous 5= T 19.9+8.1 %, Inter-
mittent 52fFT23.1£8.0% CTH 0, FHMIAHEL
AFA LN -7 (t(8) =138, P=046). 7z,
RPE (& Continuous 42 C10.7£2.2, Intermittent 4%
ETIL1220TH D, FUHMICHERZEZALN
o7z (t(8) =1.59, P=0.15),

B. /IBIRIE

312 TDMS, FS, PACES O#iR %R L 72,
TDMS IZB L Cid, PRERE TR O & R R
MBAOLN, WEFCTEPHHZICPEErIRTLI L
PRSI NTze L L, FfERBORE/EM I
AONTEh oz, HEEICELTIE, 5L R
DEMEBLOZNSLORESEHOVTN O AR
ANHRONLE o7z, LL, REOERFICE
WCIEZEAED S 2 i (K 0 P =0.07) 1S
Holze FSIZHLTIX, B &M ARH
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—— Continuous === Intermittent
A Interaction: f(1,8)=0.35, P=0.57 B Interaction £(1,8)=0.07, P=0.8
Time effect: £(1,8)=9.13, P=0.02 Time effect: £(1,8)=4.56, P=0.07
Condition effect: £(1,8)=0.28, P = 0.61 Condition effect: f(1,8)=0.06, P = 0.82
15
[ | i 34
= =
2 12 RS 24
B S
il il
= 9 B 11
i m
04
6
-
BB B EEE] B
Interaction: (1,8)=0.92, P=0.37
c Time effect: £(1,8)= 4.86, P = 0.06 D 120 t(1,8)= 182, P=0.11
Condition effect: (1,8)=4.15, P=0.08
T
21 904 1
=
= 2
=]
£l =60
2 a
@)
@ Z
A 3]
04
- 0
PEEETIIEN] EEth Continuous Intermittent

3. (A) Z&ILE T REE (TDMS) THIAE L 72 B i # O PREBE D2 AL, (B) SEMEBE D2 AL, (C)Feeling
scale (FS) THIE L 7B By h o PGB EE DAL, (D) B D% L & REE (PACES) THIE L 7B B0 L &,

g L BRER A 2R Yo
2. AN V— TR
Continuous Intermittent
n=9 pre post pre post
Mean SD Mean SD Mean SD Mean SD

CR (%)

Neutral 98.89 2.36 100 0 98.89 1.67 98.89 1.67

Incongruent 97.04 3.89 95.93 4.01 97.41 3.64 96.30 4.55
RT (msec)

Neutral 761.98 153.77 743.76 122.87 760.03 160.26 742.68 157.40

Incongruent 968.26 240.55 936.47 203.81 970.36 279.23 906.78 220.29

CR; correcr rate, RT; reaction time.

ERHEALNT, FNODOFERRIIBVTHIAEE
EERDOENPoT. LI L, FHECBOTIEW
FREE L b 25D O N A (KERY P =0.06, 5
k1 P=0.08) 12> 7o PACESIZBIL T, Mg
O FHMERICA B R ETA DN L o7,

C. AMNW—FFZ b

A MWV —7F X b ® Neutral, Incongruent ® JX
ISR & B A K2, A MV =TT HOHEEY
B 41ZR L7z A DMIV—=7F x5 % okl
SRR ORER, W, RO TERIRB L OKH
EHOWTNDARETAON o7z, LAL,
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[ms] .
— Continuous

----- Intermittent
225

200

175

A V=T F
(Incongruent - Neutral)

Interaction: f(1,8)=1.39, P=0.27
Time effect: £(1,8)=5.19, P=0.05
Condition effect: £(1,8)=2.1, P=0.18

150

pre post
B4, AMV—TFHhoLl
Py LB A R T,

BER O ERI T B W T ED R B HEIC
Holz (Rl :P=0.07)0

z =

AWFgEIX, I FIV7 ¥R (120 bpm) O K 7%
YU ZLARBEESRZRZ /AT —T ¥ F(90
bpm) DA 22 ) X ARERDS, HEE ORS -
FATHEREICH- 2 2 — MM OB 2 RS % P
B 2415720 T ORRE, ME)HTH TORBEE D
ZALR B H OPURIE T OV TORBIZE LTI
EELMEHTERZ o722 805, KH 112D
WCIIERTE 72, LA L, HEE, SEHolL
&, A MV—=T7FEOZIZB WV TIZMm SR
207, BRI ) X AARBRIEEBR 72 ) X A
LD D RELBEERITT LI &1F
RBEDERTH o720 LzA-T, RifFETHW
7eT v R D7 BRI RARBRE Y X 2k & A
O —7 VAROMRN RS Y X AR TIE, ®
WH DR RFATHRIBIC G- 2 2 BB W o2k
ERZVHDEHEE I N,

AT BT 2 558 O PE B X Wi EEN A & b
EFIRI 2 SEBBRICAECHN ELZ DD, Z0
AL — I3 B RE A O bk
Motze F7z, EEIHOPURTIZO W T EB
P ODEREREAL Y — VICWBETELI VS
Enn, WRFORFTHT 5 BIILE) &1
DEWIZELEERV OEEDNSE, Zhbo
FEEUL, IR BTV O X — & —E S & i
W7 BTV I 2 — & =R T, EBREEp

SR — L2, ARFZE L W LigEE 2 A
W72 BB R O PN I B BT A R S
& 2 L7 Hoekstra et al. DF5 Y & —H T 5
LDTHoTze LA oT, KWL THWW2EE
LBV TIE, YR ZEDTBIRNZEY X 4
Pf & MR 7 ) A DRI, W R B DOSTH
LChkRnEZ2b 72530 LifEREN5,
—J7, LB E R FEATREOREETH 5 A
PV—=7FHICB LTI, A2 ISR LTSt
EDBWIBDALNT, FUMTOHEELELAD
Nhhol, ThHLORRIR, HEEORME X
O A MWV —T T DM HR DT A DFATHE
RORREL IR LDV DTH o7 KRS
V% R & FEATRERE CHEBI RIS ERA LN
o Bl E LCIE, EERESFHEETH -
el EZOND, BHIZOWEICZL > TH
P E R R (AT 2 ) RRBEIC G- 2 IR B 2
EAMESRTEY 22, MENSE LA,
T URRPMIHEREZEZTHZOHBIEDL L
WD D o F 72, AWFREOEE SAH O T
YARDE (90 bpm & 120 bpm) 1%, HHE DB
R EDOELICENE D O TIZEDETIEE
Mo 72D D B EBO T ¥R E KT ORRK
IZBI LT, Naruse et al. "33 % W5 IHE
o TWwbh, TORE, BAT—F K340
bpm) D KMEIZLRT, 20 —F ¥ F (80 bpm)
D ARKMEZE LTI BE (energetic arousal) & & ) H&d 72
CEEHELTWS, L2 T, ThHDER
BH—, HEVIEHEGWICERL-ZET, &
BYIZ X 555 FATHRRE I 9 % R B i B By
BT & 2 2 20558 O e b o 72T REPE A3 HESE
b, UL, #EjSEMAS EITEBHZOMIC
L THIBD D B T HE & AT - 7B oRh A (d)
ZhBHE, HWHPEIZHE L T Continuous T
FAAEWRIEE(d=038) THSHDIIH LT,
Intermittent 52 TIZ K X WRI R 8 (d = 1.41) 23A
bNTWwWb, £/, AMV—=7TFTHICHLTD
Continuous §efF TIX AR AN E L (d=0.34),
Intermittent 42 F TIX PR E ORI HH (d = 0.75) A%
AONTZ(RERT—%)e ThHDZ ERND,
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Intermittent 4 Cld—EDBBRI RO L &
EBIT, ZORFEIX Continuous Sefh X D K& w
HEtE b ZE X 5N b,
AEFFETIE, EBORE L ST L THEsh5Mf
BICEIEA DN Do T AT T, K
NIZBWTIE, 5L R 20 535 B 13 Hp o B i e
W72 BB HRTI DB LKL 2 2 L S
NTWBBW 0 F 7= Hoekstra et al. 1&, ZEIE A
WZBWTIE, 305 OHREE O IR 7% Flk v
TRA—% —EH(80% LT T 1 4110 bpm, 145
[#150 bpm ® 7 ¥ R O#E Y K L) 1E[F UK & 5
DM T IV T A — & —EBH(80% LT T80
bpm DT ¥ R)IZHRT, LOBBLIZEKLLZ
ERMELTWAY, %0 TIE, MR
TR R BB BT AL X EDORIZ
EREN & PEAETR 25 2 222, IR ZRE
BCThI =y 7L HiRdEE TR L S A%
LHIERENRHEIRhTVWSEY, L72doT, &
MR CRIRINZEE TL DB L EIGONLho
7oBIEE LTI, AP, B, BN R L0
WOSHEB LS E L 5N b, LaL, B
SO L DI T 5 t BEDOR R IZT
BE(d=060)THo/zZ thd, ¥ 7 NHA4
s AR MY v ke (SR Ut A N T P
WD H Y, SHERLIMAPLETH S,
AREFZETIZ, I FvF ¥ E (120 bpm) D FIK K
72 ) X DAKEEDSE R E DR BAIREEIC S 2 B
B, EEBEETAEbEL AT =T VR0
bpm) D 72 1) X LR L FED W] R A
RRINiz, LaL, IRETEEHOEL SR
FEEE, FATRRBIIRMIRINY X AR5 25K
EVZEND, IROHDIFEIZOWTITERIC X
5 —EDMRDBD Y, EEEFOENITE LR
WCEDPELDWREDEZONS, LhoTH
%, WARAREZWR T LEOBMEHZITV, X
DHEDORCRIRBGEZ 1T ) PETH %o
2 Z Xk
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