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ABSTRACT

Aims/Introduction: Considering the difficulty in inculcating the habit of exercise
among patients with type 2 diabetes, devising an easily maintained means of exercise is
preferable. Passive body trunk exercise equipment (PBTE) developed for home use might
solve several problems related to exercise therapy, both for patients and clinical staff
involved in diabetes treatment; however, its efficacy as a therapeutic exercise device for
patients with diabetes has not been ascertained. The purpose of this study was to mea-
sure the exercise intensity and self-efficacy of PBTE, and to determine whether PBTE is a
useful tool for exercise therapy.

Materials and Methods: The participants were 20 patients with type 2 diabetes, and
the duration of exercise using the PBTE was set to 10 min. Oxygen consumption during
exercise was measured, and self-efficacy for continuing to exercise using the PBTE and for
walking was evaluated after completion of the study.

Results: The average exercise intensity using the PBTE was 1.7 metabolic equivalents,
whereas the maximum exercise intensity was an average of 20 metabolic equivalents; the
reported self-efficacy for continuing to exercise using the PBTE was significantly higher
than for walking.

Conclusions: Exercise intensity using the PBTE is similar to low-intensity walking, and
thus, it might be a useful therapeutic exercise device for patients with type 2 diabetes.
Furthermore, it could be an effective exercise device for diabetes patients who do not
have regular exercise habits, especially with reduced motor function or lower leg muscle
strength.
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INTRODUCTION treatment’; however, various concerns have been raised regard-

According to the results of the 2016 National Health and
Nutrition Survey in Japan, an estimated 10 million people have
diabetes'; thus, the adoption of a proactive approach to pre-
venting the onset of diabetes and decreasing the disease severity
in known diabetes patients is an urgent focus in Japan. Drug,
dietary and exercise therapies are recommended for diabetes
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ing the use of exercise therapy in clinical practice. It has been
reported that, while 9.9% of 5,100 surveyed outpatients with
diabetes had not received dietary therapy, 30.0% of the patients
received almost no exercise therapy, showing that instruction
on exercise had not been not sufficiently implemented in
Japan®. Another issue is that approximately 40% of patients
state that they have insufficient time to exercise, and approxi-
mately 22% report that exercise causes pain’. Furthermore, a
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survey on exercise therapy involving 600 diabetologists and
general internists reported that these medical personnel do not
have sufficient time to provide instruction on exercise and that
there are no suitable exercise instructors®.

In contrast, self-efficacy has been raised as an important fac-
tor for the continuation of exercise therapy. Self-efficacy refers
to the belief in one’s ability to organize and carry out the
actions required to achieve a particular goal’. In diabetes treat-
ment, self-efficacy is related to the management of treatment by
the patients themselves®, and the extent of self-efficacy related
to exercise is reported to correlate with the amount of physical
activity”®. Therefore, to resolve the issues associated with exer-
cise therapy for diabetes patients, we need to provide exercise
therapy that can be easily carried out by the patients by them-
selves.

With the recent increased awareness of public health in
Japan, passive exercise equipment that can easily be installed at
home might be a tool for exercise therapy. In this context, pas-
sive body trunk exercise equipment (PBTE) — a sitting-position
exercise device — enables effective training of the core muscles
(ie., thigh adductors, rectus abdominis, external and internal
obliques, gluteus maximus, pelvic floor muscle, erector spinae,
and latissimus dorsi) using low-intensity activation, as the chair
moves to reflexively balance the body’. A PBTE can be
installed at home, is easy to operate and issues verbal exercise
instructions. Exercise therapy has beneficial effects in patients
with type 2 diabetes, particularly on skeletal muscles, insulin
sensitivity (by increases in GLUT4 protein)'’, and glycogen
storage in the muscles (by improving glycemic control)''. PBTE
might serve as a means of exercise therapy for patients with
diabetes. Furthermore, PBTE might solve several problems
related to exercise therapy, such as exercise-induced pain,
patient’s restrictions for allocating time and trainers’ unavail-
ability. However, its efficacy as a therapeutic device for diabetes
patients has not yet been established. The purpose of the pre-
sent study was to measure the intensity of PBTE-based exercise
carried out by patients with type 2 diabetes using oxygen con-
sumption. The self-efficacy in carrying out PBTE-based exercise
was also evaluated to determine its therapeutic effectiveness.

METHODS

Participants

The participants were 20 patients with type 2 diabetes hospital-
ized in Hiroshima University Hospital, Hiroshima, Japan, from
June 2018 to July 2019. Patients were excluded if they had
lower back pain and/or diabetic complications that would con-
traindicate exercise therapy (Table 1).

Ethics

This study was approved by the Hiroshima University Epi-
demiological Ethics Review Board (Approval Number: E-1338).
All participants received an explanation of the study protocol
and provided their informed consent.

http://wileyonlinelibrary.com/journal/jdi

Table 1 | Characteristics of participants

Sex (male/female) 713

Age (years) 642 £ 13.1
BMI (kg/m?) 241 £ 5]
Heart rate (b.o.m) 80.1 = 185
Systolic blood pressure (mmHg) 1287 £219
Diastolic blood pressure (mmHg) 767 £ 136
Duration of diabetes (years) 107 £ 85
HbA1c (%) 102 + 2.2

BMI, body mass index; HbA1c, hemoglobin Alc.

Measurement protocol

In this study, PBTE (Core Training Chair [EU-JC70]; Panasonic,
Osaka, Japan) was used for trunk and lower limb exercises. After
sitting at rest on the PBTE for 3 min, the participants carried out
exercises for 10 min. After completing the exercises, the partici-
pants were allowed to rest on the PBTE for 3 min. To assess the
exercise intensity, the oxygen consumption was dynamically eval-
uated using an expiration gas analyzer (AE-100i; Minato Medical
Science, Osaka, Japan) from the period of sitting at rest until the
end of the recovery period, and a rating of perceived exertion
(Borg scale) was obtained for dyspnea and lower limb fatigue
before and after the exercises. In the present study, we also mea-
sured knee extension force and the 25-question locomotive func-
tion scale as indices for motor function before exercise and, after
the measurements were completed, the patients were asked about
self-efficacy for continuing exercise.

Exercise protocol for the PBTE

Exercise duration on the PBTE was set to 10 min, with the
exercise mode set to the whole-body Core Training; the exercise
intensity was set to high, and the chair speed was set to 5 out
of 10. The exercises on the PBTE aimed to strengthen muscles
in both the trunk and lower limbs. Six types of exercises, com-
prising nine different movements — each involving different
muscles — were implemented in this study. The exercises on
the PBTE comprised abdominal breathing (Figure 1a) and exer-
cises focused on the trunk (Figure 1b), on the trunk and a sin-
gle lower limb (Figure 1c), and on the trunk and both lower
limbs (Figure 1d—f). Abdominal breathing times were included
as rests between exercises. The participants were instructed as
far as possible to avoid leaning back and to avoid holding their
breath during the exercises.

Dynamic evaluation of oxygen consumption during exercise

The oxygen consumption during exercise was calculated as the
average oxygen consumption every 60 s from rest to recovery,
including PBTE-based exercises according to the method
described in previous studies'>". The breath-by-breath method
was used, and the value was divided by the weight of each par-
ticipant. The intensity of exercise carried out on the PBTE was
calculated as metabolic equivalents (METs). In the present
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Figure 1 | Exercise on the passive body trunk exercise equipment. (@) Abdominal breathing. (b1) Clasp both hands behind the head, push chest

out and hold for 30 s. (b2,3) Clasp both hands behind the head, push the chest out, and rotate the torso twice to the left and right. (c1,2) Knee

extension (twice on left and right). (d) Extend both the knees at the same time, hold for 30 s and repeat twice. (e) Shoulder joint flexion of both
shoulders at 90°, extend both the knees at the same time, hold for 30 s and repeat twice. (f) Hold the torso in the extended position (clasp both
hands behind the head, push chest out, pull heels back and hold for 40 s), repeat twice.

study, the average METs for 10 min and the maximum METs
were calculated from oxygen consumption during exercise
divided by oxygen consumption at rest, as shown in the
previous studies'* ', because several studies suggested that the
standard 3.5 mLkg- ' ‘min "' does not represent oxygen
consumption at rest for the general population'”™*?.,

Evaluation of exercise-induced dyspnea and lower limb
fatigue

The subjective rating of perceived exertion caused as a result of
exercise carried out using the PBTE was evaluated using the
Borg scale before and after exercise®’. Dyspnea was shown as
Borg-B and lower limb fatigue was shown as Borg-L.

Self-efficacy for continuing exercise

The participants were asked about their self-efficacy for contin-
uing to exercise after discharge from the hospital. The patients
were questioned with respect to their performance of 10 min
of exercise three times per week on the PBTE at home and
walking for 10 min three times per week at home. The
responses were evaluated on a 5-point scale with “Very easy
(5 points),” “Easy (4 points),” “Neutral (3 points),” “Difficult
(2 points)” and “Very difficult (1 point).”

25-Question locomotive function scale

In 2008, the Japanese Orthopedic Association proposed that
“conditions at high risk of requiring nursing care due to motor
disorders” be classified as locomotive syndrome. The 25-ques-
tion locomotive function scale (LS-25) is a questionnaire cap-
able of evaluating motor function”. The questions are scored
as 04 each, with 100 points a full score and 216 points being
diagnosed as locomotive syndrome.

Knee extension force

The lower extremity muscle strength measured maximal iso-
metric knee extension force in keeping with previous studies™.
The extension strength of both knees was measured using a
handheld dynamometer (uTas F-1; Anima Inc., Tokyo, Japan).
In the present study, the KEF was defined as the absolute value
of both legs and a value expressed as a percentage of body
weight (%KEF).

Regular exercise habits

We used questionnaires based on previous studies to evaluate
those who carried out 20 min per day of physical activity
and carried out physical activity three times per week or

more23.
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Statistical analysis

JMP® version 14 (SAS Institute Inc., Cary, NC, USA) was used
for statistical analysis. Dunnett’s test was used for comparison
of the dynamic changes in oxygen consumption during rest
with each stage of exercise, and the paired t-test was used for
exercise intensity, self-efficacy, LS-25, KEF and %KEF. The y’-
test was used for the categorical variables. P-values of <0.05
were considered statistically significant.

RESULTS

In the present study, there was no lower back pain during and
after exercise, no changes in vital signs that reached the criteria
for stopping exercise and no participants experienced exercise-
related adverse events.

The oxygen consumption dynamics while using the PBTE
had significantly higher levels at each stage from 4 to 10 min
after starting exercise (4 min, 6.6 +2.4; 5 min, 6.8 + 2.5;
6 min, 7.2 £ 2.2; 7 min, 7.2 + 3.6; 8 min, 7.2 = 4.0; 9 min,
7.1 £ 4.3;10 min, 7.4 + 4.3; and rest, 4.0 = 0.7 mL-kg- ' -min ",
respectively, all P < 0.05) compared with the consumption at rest.
Conversely, no significant difference was seen between the recov-
ery period and resting (Figure 2).

In the present study, exercise intensity during PBTE was
1.7 £ 0.6 for average METs and 2.0 + 0.9 for maximum METs.

Both Borg-B and Borg-L were significantly higher after exer-
cise than before in evaluation of subjective exercise intensity
(Figure 3).

Self-efficacy was significantly higher for the PBTE compared
with walking (Figure 4).

We investigated the differences in LS-25, KEF and exercise
habits from self-efficacy questionnaire results. The high self-
efficacy (HSE) group comprised eight patients, whose self-efficacy
for carrying out exercise using the PBTE was better than that for
walking. In contrast, the low self-efficacy (LSE) group comprised
12 patients, whose self-efficacy for carrying out exercise using the
PBTE was worse than or unchanged with respect to the self-effi-
cacy for walking. In Table 2, the HSE group had significantly
higher LS-25 scores (P = 0.001), and significantly lower KEF

*
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(P = 0.001) and %KEF (P = 0.001) than the LSE group. Further-
more, there was a significantly lower proportion of individuals
carrying out exercise regularly in the HSE group (P = 0.03).

DISCUSSION

This study investigated whether the use of PBTE for patients
with type 2 diabetes could serve as a means of exercise therapy.
The results showed that oxygen consumption was higher dur-
ing exercise compared with at rest, and self-efficacy for continu-
ing exercise was higher for the PBTE than for walking. Exercise
using the PBTE in the present study had significantly higher
subjective lower limb and breathing fatigue after exercise com-
pared with before exercise. These results suggest that the exer-
cise using the PBTE in the present study might be effective for
a certain level of physical activity.

16 * *
14 - l
12

10

Rating of perceived exertion

After
Borg-B

After

Before

Before
Borg-L

Figure 3 | Rate of perceived exertion (Borg scale) based on the
difference in breathing (Borg-B) and lower limb fatigue (Borg-L) before
and after exercise. The paired t-test was used for comparison between
the before and after exercise values. Mean + standard deviation.
*Statistically significant (P < 0.05). Borg-B, breathing fatigue; Borg-L, limb
fatigue.

0 T T T T T
Rest 1 2 3

5

6 7 8 9 10  Recovery

Time (min)

Figure 2 | Changes in the oxygen consumption at each stage. Dunnett’s test was used for comparison of the dynamic changes in oxygen
consumption with each stage of exercise versus during rest. *Statistically significant (P < 0.05).
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Self-efficacy (score)
w
!

PBTE

Walking

Figure 4 | Comparison of the self-efficacy between carrying out
exercise using the passive body trunk exercise equipment (PBTE) and
walking. The paired t-test was used for comparison between PBTE and
walking. Mean =+ standard deviation. *Statistically significant (P < 0.05).

Table 2 | Comparison of motor function and exercise habits according
to the self-efficacy

HSE LSE P-value
LS-25 383 + 21.1 118 £100 0001
KEF (kgf) 237 £97 279 £ 51 0.001
%KEF (%) 374 £ 67 456 + 68 0.001
Regular exercise habits (yes/no) — 1/7 8/4 003

HSE, high self-efficacy; LSE, low self-efficacy; LS-25, 25-question locomo-
tive function scale; KEF, knee extension force; %KEF, knee extension
force divided by bodyweight

However, with respect to exercise intensity, which is an
important factor for exercise prescription, the National Institute
of Health & Nutrition revised version of the METs Table for
Physical Activity states that 1.8 METs equates to an exercise
intensity equivalent to standing, and 2.0 METs correlates to an
intensity of walking <3.2 km/h*, so the exercise using the
PBTE in the present study could be classified as low-intensity
exercise. The Japan Diabetes Society guideline stipulates that
exercise for patients with type 2 diabetes should be aerobic, as
this is the exercise therapy reported to be effective for glycemic
control, and is to be implemented at a moderate exercise inten-
sity for 20-60 min®. The American Diabetes Association
guidelines also recommend implementing exercise therapy with
a moderate exercise intensity, and recommend exercising for
>150 min per week’®. At present, high-intensity exercise is also
recommended for patients with diabetes. Little et al*’ carried
out a study in eight patients with type 2 diabetes where the
patients carried out 10 sets of 60-s sessions on a bicycle
ergometer at an intensity of 90% maximum heart rate for
2 weeks. They reported a decline in the mean blood glucose
levels for 24 h after training. Therefore, it was considered that
exercise using PBTE would not reach an intensity effective for
glycemic control.

ORIGINAL ARTICLE
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However, it has recently become apparent that the length of
time spent sitting during daily living is related to the mortality
rate as a result of cardiovascular disease and the incidence of
fatal myocardial infarction®®. Sedentary is defined according to
the Sedentary Behavior Research Network as “all actions during
the time a person is awake that equate to 1.5 METs or less of
energy consumption, conducted in a seated, semi-recumbent, or
recumbent position””. The exercises using PBTE in the present
study had an average of 1.7 METs; therefore, its use might be
an effective way to reduce sitting time.

Although it is important to carry out exercise therapy to
maintain good glycemic control in diabetes, it is also important
to increase non-exercise activity thermogenesis (NEAT) through
methods such as reducing the time spent sitting in the activities
of daily living. Non-exercise activity thermogenesis shows
energy that is consumed through physical activity other than
exercise™, and a study of obese patients with diabetes reported
that walking for 2 min every 20 min reduced postprandial
blood glucose levels and insulin secretion more than continuous
sitting did”". Duvivier et al.** also reported that reducing sitting
time and replacing it with low-intensity walking was beneficial
for 24-h glycemic control, as well as improving insulin sensitiv-
ity. This information suggests that, although the exercise using
the PBTE is low-intensity, it might be an effective tool for
reducing sitting time during daily activities, as well as for
increasing NEAT.

The present study found that self-efficacy was higher for con-
tinuing the PBTE exercises than for continuing to walk. In a
questionnaire to patients with diabetes in Japan, the reasons
cited for not exercising included lack of time and exercise caus-
ing pain®. As a countermeasure for lack of time, the PBTE can
be used easily while watching television at home, which might
make it a means of exercise that can be recommended to peo-
ple who profess insufficient time for exercise. A report has
shown that the aging of the Japanese population is associated
with an increased prevalence of motor disorders, such as
osteoarthritis of the knee™. Type 2 diabetes is considered to be
a risk factor for severe osteoarthritis, even when adjusted for
body mass index, showing the need for countermeasures for
pain-causing exercise™*. It is believed that many of the partici-
pants in the present study would have had pain during exercise
as a result of osteoarthritis or other such disorders. It has also
been clarified that locomotor pain is related to general self-
efficacy’, suggesting that the PBTE used in the present study
might serve as a means of exercise that, by carrying out the
exercises in a seated position, does not intensify the pain expe-
rienced with loading for diabetes patients with osteoarthritis of
the knee.

The HSE group, whose self-efficacy was better for exercise
using the PBTE, had an LS-25 score of 38 points, indicating
they were already showing locomotive syndrome (diagnostic
cut-oft: >16 points). They also had reduced knee extension
force and a greater percentage of people who did not exercise
habitually. A decline in mobility was already apparent at this

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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stage: many patients had difficulty receiving training with walk-
ing and related movements, and when knee extension strength
started to decrease in parallel, individuals needed to be wary of
exercise-related falls. Given the low risk of falling when exercis-
ing in the seated position with the PBTE, this approach could
serve as a safe training exercise for patients with diabetes with
musculoskeletal disabilities who do not exercise regularly.

The limitations of the present study include that the exercise
intensity on the PBTE was set to “high,” but the chair speed
was set to 5 out of 10. However, it is possible to set the chair
speed to higher settings; hence, it is essential to elucidate the
change in exercise intensity caused as a result of a change in
speed. Additionally, this study was a cross-sectional study and
was carried out at a single facility; therefore, it will be necessary
to verify whether continuous exercise can actually be per-
formed; an interventional study should be conducted to verify
the effect of exercise on glycemic control.

In conclusion, the present study suggests that, although exer-
cise using the PBTE for patients with type 2 diabetes is low
intensity, it might be used as a safe form of exercise by increas-
ing the amount of physical activity.
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