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ABSTRACT

Background: Elderly patients with type 2 dia-
betes (T2DM) are vulnerable to treatment-in-
ducible hypoglycemia, falls, and depressive
symptoms. Although it is challenging for
elderly patients to adhere to regular exercise, its
positive effect on functional ability, glycemic
control, and mental wellness offers compre-
hensive diabetes treatment. In the present
study, we aimed to investigate a novel exercise
approach for the elderly, focusing on whole-
body vibration (WBV).
Methods: This retrospective cohort study was
conducted in a primary-care setting at a medical
fitness center affiliated with the incorporated

medical institution of THY (TOTAL HEALTH
YARD). Fourteen (WBV group) and 12 (control
group) elderly patients with T2DM undergoing
and not undergoing our WBV program, respec-
tively, for [ 6 months were analyzed. Primary
endpoints were the functional ability changes,
evaluated by Timed Up and Go (TUG), Sit-to-
Stand test (SST), gait length, and grip test. Sec-
ondary endpoints were global glycemic control
and questionnaires, namely the Diabetes Treat-
ment Satisfaction Questionnaire (DTSQ) and
Geriatric Depression Scale (GDS). All records of
exercise adherence and any adverse events were
followed.
Results: Significant improvements in TUG and
SST were found only in the WBV group [TUG:
7.1 ± 0.9, 7.1 ± 0.8 to 7.0 ± 1.0, 6.6 ± 0.9 (s),
P = 0.63, 0.01; SST: 10.4 ± 1.9, 11.3 ± 2.4 to
9.7 ± 2.3, 9.5 ± 2.1 (s), P = 0.62, P \ 0.01,
control vs. WBV group, respectively]. The WBV
group demonstrated significant improvement
of hemoglobin A1C levels (7.2 ± 0.8 to
6.9 ± 0.5, P\0.01) and DTSQ and GDS scores,
while the control group did not. There were no
hypoglycemic events during the study. The
WBV program adherence was 93.3 ± 8.0%.
Conclusion: We demonstrated the favorable
effect of WBV training on balance, diabetes
treatment, and mood. Therefore, WBV training
can be proposed as comprehensive therapy in a
safe manner and potentially has a positive effect
on health-related quality of life in elderly
patients with T2DM.
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Key Summary Points

Why carry out this study?

Comprehensive treatment for elderly
patients with type 2 diabetes is warranted
to benefit their health-related quality of
life (QOL)

Although regular exercise has the
potential to improve both physical and
mental health, it is challenging for elderly
patients because of their broad
backgrounds

Does a whole-body vibration (WBV)-based
exercise program work as a well-tolerated,
safe, and comprehensive type 2 diabetes
treatment for elderly patients?

What was learned from the study?

A 3-month intervention of our WBV
program on top of exercise counseling can
improve the functional ability of balance
in elderly patients with type 2 diabetes

A 6-month intervention of our WBV
program ameliorated global glycemic
control without changing fast glucose
levels and hypoglycemic adverse events

Our WBV program increased diabetes
treatment-related satisfaction and
decreased the depression score

The adherence to our WBV program was[
90%

The WBV exercise program provides
comprehensive diabetes therapy for
elderly patients with type 2 diabetes to
benefit health-related QOL

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14465391.

INTRODUCTION

The prevalence of diabetes increases with age.
With the rapid growth of the elderly population,
[25% of Japanese patients with type 2 diabetes
(T2DM) are[ 65 years of age. The healthy life
expectancy of elderly patients with T2DM is less
than that of people without diabetes because of
the increased rate of falls [1, 2] and cognitive
decline [3]. Diabetes treatment-related hypo-
glycemia and depressive symptomatology are
closely associated with these features [4–6]. An
improvement in psychiatric conditions and
physical function can reduce the risk of falls.
Besides better glycemic control, providing reg-
ular exercise can reduce the risk of falls by
improving both the physical and mental health
of these patients [7–10]. In this context, well-
tolerated regular exercise for elderly patients
with T2DM is warranted to benefit their health-
related quality of life.

Although studies are limited, stretching and
balance training have been found to improve
joint flexibility and reduce the risk of falls in
elderly patients with T2DM [11, 12]. Addition-
ally, a recent large cohort study demonstrated
that balance exercises, based on Tai Chi, are
more effective than conventional exercises in
preventing falls in elderly adults [13]. However,
many elderly patients are unwilling or unable to
complete individually targeted exercise [14].
Given the increased comorbidities in elderly
patients with T2DM compared with those in the
healthy population, adherence to regular exer-
cise is a greater challenge for them. Therefore,
developing a novel exercise program that is
both practical and easy to adhere to is
necessary.

Whole-body vibration (WBV) training has
been shown to have potential in improving
balance in non-diabetic elderly individuals
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[15–17]. WBV is only effective when the indi-
vidual’s entire weight is placed on a plate that
creates mechanical vibrations. This stimulates
the muscle spindles and sensory nerves. The
burden on the cardiopulmonary system is less
than that from conventional resistance training
[18]. Therefore, WBV enhances the efficacy of
exercise, leading to improved physical function
of the individual with a light load. In the pre-
sent study, we investigated a new exercise
approach focusing on WBV in a comprehensive
diabetes treatment strategy in elderly patients
with T2DM. We evaluated the effects of a
6-month WBV training program in diabetic
treatment, balance, and depressive symptoms in
elderly patients with T2DM in a primary-care
setting. Furthermore, we determined patients’
adherence to this training program.

METHODS

Patients

This study has a retrospective cohort design.
Study participants were examined at the incor-
porated THY (TOTAL HEALTH YARD) medical
institution between April 2016 and May 2017.
The protocol was approved by the joint ethical
review board (Table S1. Approval number:
14000050. 20180615-4629), and written
informed consent was obtained from all partic-
ipants for this study. This study was performed
in accordance with the Helsinki Declaration of
1964 and its later amendments. THY manages
both the Tokuyama Clinic and medical fitness
center TOKU. Five certified diabetes educators
and certified health fitness programmers at each
institution cooperatively provide exercise ther-
apy, comprising a counseling and WBV training
program. We provide exercise counseling to
patients with diabetes by certified health fitness
programmers in our clinic. They instructed fit-
ness programs that were feasible in each physi-
cal condition and social background. In the
present study, the patients with T2DM who
began participating in the WBV exercise pro-
gram on top of exercise counseling at our
medical fitness center during the study term
(WBV group) were reviewed. The details of our

WBV training program (Power-Plate pro6 ?

TM, USA) are summarized in Table S2. The
patients who received exercise counseling in the
same manner as the WBV group and did not
receive any other intervention at our institu-
tions were evaluated as the control group. All
participants were older than 65 years, diagnosed
with T2DM according to the guidelines of the
Japan Diabetes Society, and lived indepen-
dently. None of the patients changed their
diabetes medication and their target glycemic
control in this study period. No subjects had
severe complications, such as autonomic neu-
ropathy, proliferative diabetic retinopathy, end-
stage nephropathy, and major cardiovascular
diseases. We scrutinized the first 15 patients in
each group from the beginning of the study
period in a sequential manner. As three cases in
the control group and one case in the WBV
group moved out of our cohort during the study
period, 12 and 14 subjects who had undergone
exercise therapy for[6 months were analyzed.

Sample Size

We referred to two prior randomized control
studies for sample size calculation, which
demonstrated improvement of TUG after 6 and
12 weeks of the whole-body vibration inter-
vention [19, 20]. Based on these studies, we
anticipated a 0.8-s improvement in the TUG test
with a standard deviation of 0.8 by whole-body
vibration if the intervention was appropriately
provided for[3 months. We calculated that at
least 28 participants (14 per group) would pro-
vide 70% power to detect a difference of 0.8 s as
significant at a two-sided 5% significance level.

Outcome Measures

The primary outcome measure of the study was
functional ability. This composite endpoint was
assessed through the Timed Up and Go (TUG)
test, sit-to-stand test (SST), and step length. The
secondary outcome measures were the HbA1c
level, fast plasma glucose level, C-peptide
immunoreactivity (CPR) index, and the scores
obtained through the questionnaires of the Dia-
betes Treatment Satisfaction Questionnaire
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(DTSQ) and the Geriatric Depression Scale 15
(GDS). The changes in patients’ functional abil-
ity from baseline to 6 months after the inter-
ventionwere evaluated. In addition to TUG, SST,
and step length, we also evaluated handgrip. For
the TUG test, participants were asked to stand up
froma chair, walk 3 m, cross amarked line on the
floor, turn around to walk back, and sit down on
the chair [21]. The SST was performed by requir-
ing them to stand up and sit down five times, as
quickly as possible, with arms folded across their
chests [22]. The average time was recorded. We
used an average of the two trials to determine
step length and handgrip. All blood and urine
tests were performed by Kotobiken Medical Lab-
oratories Inc. The HbA1c level was expressed as
the international standard value. We calculated
the C-peptide immunoreactivity (CPR) index as
follows: fasting CPR (ng/ml)/fasting plasma glu-
cose (mg/dl) 9 100 [23]. Patients’ treatment sat-
isfaction levels were determined using a Japanese
version of DTSQ [24]. DTSQ scores were calcu-
lated basedon eight items, ofwhich six evaluated
thepatients’ satisfaction,while the rest evaluated
hyperglycemia and hypoglycemia. Mood status
was assessed using the Japanese version of the
GDS,with a score of 0 being the best and 15 being
the worst [25]. Adverse events were defined as
any undesirable experiences reported by the
medical staff and patients during the study.
Adherence to theWBV trainingwas calculated as
the number of completed sessions divided by the
total number of sessions. Sessions were provided
thrice a week.

Data Analysis

Variables with normal and abnormal distribu-
tions were expressed as the mean ± SD and the
median [interquartile range (IQR)]. The Student
t-test or Mann-Whitney U test was used for
comparisons between the groups. A one-way
repeated measure ANOVA was performed to
compare each group’s mean differences in three
time points with Bonferroni correction. The
relative proportions of categorical variables
were assessed using the Yates v2 test or Fisher
exact test. A P value\0.05 was considered sta-
tistically significant. All data analyses were

performed using JMP 11 (SAS Institute Inc.,
Cary, NC, USA).

RESULTS

Data collected from 12 and 14 patients were
analyzed following a 6-month intervention in
the control and WBV groups, respectively. The
assessment of functional capacity demonstrated
a significant improvement in the Timed Up and
Go test (TUG) [7.1 ± 0.9, 7.1 ± 0.8 to 7.0 ± 1.0,
6.6 ± 0.9 (s), P = 0.63, 0.01, control vs. WBV
group, respectively] and sit-to-stand tests (SST)
[10.4 ± 1.9, 11.3 ± 2.4 to 9.7 ± 2.3, 9.5 ± 2.1
(s), P = 0.62, P \0.01] in the WBV group.
However, no improvement was observed in the
control group. Gait length was significantly
improved [62.8 ± 7.2, 64.9 ± 7.2 to 70.6 ± 8.1,
71.5 ± 7.5 (cm), P\ 0.005,\ 0.005] and hand-
grip was unchanged in both groups (Fig. 1). All
the clinical characteristics at baseline did not
show a significant difference between the
groups (Table 1). Body mass index was signifi-
cantly lower in the control group [23.1 ± 3.7 to
22.8 ± 3.6; P = 0.019], while systolic blood
pressure [131.4 ± 13.7 to 124.9 ± 11.9 mmHg;
P = 0.038], aspartate transaminase [25.7 ± 10.0
to 23.5 ± 7.9; P = 0.044], alanine aminotrans-
ferase [28.1 ± 19.0 to 22.4 ± 12.5; P = 0.038],
and HbA1c [7.2 ± 0.8 to 6.9 ± 0.5%; P = 0.004]
were significantly decreased only in the WBV
group after the intervention (Table 1). Fast
plasma glucose levels and CPR indices were
unchanged in both groups. The patients’ treat-
ment satisfaction levels were significantly
increased, and concerns about hyperglycemia
were decreased in the WBV group. A significant
improvement in depressive symptoms was
observed in the WBV group (Table 2). To see the
detailed transition of the significant changes of
primary and secondary outcomes seen in the
WBV group, we added the 3-month data of the
functional capacity, HbA1c, fast plasma glucose
level, CPR index, DTSQ, and GDS scores in this
analysis. We found that the changes in the
functional capacity of TUG and SST occurred as
early as 3 months after WBV intervention, while
the changes in gait length in 6 months (Fig-
ure S1). In contrast to TUG and SST, HbA1c and
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the DTSQ and GDS scores required 6 months to
improve (Table S3 and S4). No adverse events,
such as hypoglycemia, occurred in any of the

cases. Adherence was 93.3 ± 8.0% in the WBV
group (Table S5).

Fig. 1 Changes in the functional capacity before and after
the intervention. Each point shows the individual score
obtained in each test in the control and WBV groups. A
significant improvement was observed in the TUG and sit-
to-stand tests in the WBV group, while the gait length

improved significantly in both groups. Handgrip was
unchanged in both groups. The P values demonstrate the
statistical difference before and after the intervention in
each group. *P\ 0.05, **P\ 0.01. ns not significant
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Table 1 Comparison of the basic clinical characteristics between the control and WBV groups

Control group (n = 12) WBV group (n = 14)

Pre Post P-value
(within
group)

Pre Post P-value
(within
group)

P-value
(between
groups)

Sex (male/female) 5/7 10/4

Age (years) 68.8 ± 3.8 69.6 ± 3.3

Duration of

T2DM (years)

9.5 (1.8–17.0) 11.5 (5.5–13.5)

Number of

medications for

T2DM

2 (0.25–2.75) 1.5 (0.75–2.25)

Body mass index 23.1 ± 3.7 22.8 ± 3.6 0.019 24.8 ± 5 24.8 ± 5 0.914 0.035

SBP (mmHg) 136.3 ± 9.2 133.7 ± 12.9 0.427 131.4 ± 13.7 124.9 ± 11.9 0.038 0.366

DBP (mmHg) 79.6 ± 8.8 75.9 ± 7.7 0.125 74.9 ± 7.1 72.9 ± 12.2 0.445 0.631

PR (beats/min) 74.7 ± 11.6 77.3 ± 11.3 0.274 71.1 ± 10.3 71 ± 8.2 0.795 0.206

AST 22.3 ± 6.1 26.9 ± 16.8 0.228 25.7 ± 10 23.5 ± 7.9 0.044 0.056

ALT 22.2 ± 9.8 34 ± 37.7 0.209 28.1 ± 19 22.4 ± 12.5 0.040 0.016

G-GTP 30.8 ± 16.4 43.9 ± 34.3 0.107 46.5 ± 41.5 32.8 ± 21.6 0.158 0.026

Uric acid 5.2 ± 1 5.6 ± 1.1 0.086 4.9 ± 1.1 4.9 ± 1.1 0.740 0.181

Serum creatinine

(mg/dl)

0.8 ± 0.4 0.9 ± 0.4 0.202 0.7 ± 0.1 0.7 ± 0.2 0.072 0.353

eGFR (ml/min/

1.73m2)

71.2 ± 17.1 68.7 ± 17.2 0.445 74.7 ± 10.6 73.6 ± 11.6 0.554 0.574

Urine albumin to

creatinine ratio

(mg/g)

10.5

(7.1–108)

10.7

(8.2–126.1)

0.139 18.9

(4.7–52.9)

14.3

(7.6–39.2)

0.229 0.903

TG (mg/dl) 100.4 ± 42.4 107.5 ± 61.8 0.692 90.2 ± 27.9 94.2 ± 40.7 0.551 0.855

HDL-C (mg/dl) 61.7 ± 19.7 62.1 ± 16.5 0.906 62.8 ± 22 62.6 ± 21.1 0.902 0.861

LDL-C (mg/dl) 97.8 ± 23.8 105.2 ± 33.9 0.225 119.3 ± 29.6 117.1 ± 24.8 0.639 0.208

HbA1c (%) 6.8 ± 0.5 6.9 ± 0.6 0.452 7.2 ± 0.8 6.9 ± 0.5 0.004 0.876

Fasting plasma

glucose (mg/dl)

135 ± 17 134.9 ± 28.1 0.566 143 ± 36 138.2 ± 27.6 0.274 0.450

CPR index 1.4 ± 0.4 1.3 ± 0.3 0.219 1.7 ± 0.8 1.6 ± 0.5 0.107 0.608
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DISCUSSION

The present study clearly demonstrated that our
6-month WBV program effectively improved
the physical and mental health of elderly
patients with T2DM at a primary-care setting,
and it was well tolerated in these patients. The
three primary benefits of the WBV program
were improved glycemic control, balance, and
an improvement in depressive symptoms. To
the best of our knowledge, this is the first trial
that has demonstrated the beneficial effects of
WBV, which may confer comprehensive bene-
ficial treatment effects in elderly patients with
T2DM.

The strength produced during standing and
walking might play a crucial role in improving
balance. WBV enhances the strength and motor
control of the quadriceps in a short period [26];
however, the current evidence regarding the use
of WBV training to improve balance and
mobility in older adults remains unclear
[27–29]. In the present study, patients who
received the original WBV program (Table S2)
acquired better balance and mobility indicated
by their improvement in the TUG and STT in 3
months. This effect continues for 6 months
(Figure S1) [21]. By contrast, gait length was
similarly improved in 6 months, and handgrip
did not change in either group. The faster time
indicated better functional performance in TUG
and SST, and all of these tests are indicators of

fall risk. Longer than 13.5 s in the TUG test
predicts future falling risk [30], and longer than
13.6 s in SST predicts increased disability and
morbidity [31]. For gait length, every 10 cm
length decrease increases the fall risk by 9.5%
[32], and reduced gait length was also suggested
to be associated with fear [33]. In the present
study, almost all of the cases showed less than
these cut-off values in TUG and SST, except two
and four patients in the control and WBV group
in SST. In this situation, we assumed that sig-
nificant improvement from baseline is clinically
meaningful change. These results suggested that
[ 3 months of WBV intervention contributed
to improving balance and mobility, reducing
the risk of falls. However, we need to confirm
these results by following up on the cases to
determine the future frequency of falls. The
changes in gait length seemed to be accom-
plished by the weekly exercise counseling itself.
These results suggested that both groups were
well motivated to start exercise in their daily life
based on the feasible exercise instructions given
through their counseling. As gait length is also
affected by fear, confidence in their day-to-day
management would result in longer gait length
at the test. On the other hand, the bodyweight
reduction seen in the control group might not
be a good sign, as there is no other evidence of
the improvement of physical function than gait
length. We need to give careful nutritional
therapy instructions to these patients.

Table 2 Changes in diabetes treatment-related QOL and depression scale

Control group (n = 12) WBV group (n = 14)

Before After P-value Before After P-value

DTSQ

Total score (nos. 1, 4–8) 29 (24–31) 28.5 (25–35) 0.391 27 (23–29) 31 (28–33) 0.028

No. 2 frequency of hyperglycemia 3 (1–4) 2 (0–3) 0.125 3 (1–5) 2 (0–2) 0.004

No. 3 frequency of hypoglycemia 0 (0–1) 0 (0–0) 1.000 0 (0–0) 0 (0–1) 0.500

Depression (GDS) 1.5 (0.3–3.8) 2.0 (1.0–2.0) 0.828 1.5 (1.0–4.5) 1 (0–1) 0.016

The changes in the DTSQ and GDS scores from baseline to 24 weeks after the intervention are shown as sub-clusters, such
as total treatment satisfaction (nos. 1, 4–8) and frequency of hyperglycemia and hypoglycemia. Data are expressed as median
(interquartile range)
DTSQ diabetes treatment satisfaction questionnaire, GDS geriatric depression scale
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In the present study, the WBV group had a
significant decrease in the glycemic level.
However, the participants in the current cohort
demonstrated well-controlled glucose levels at
baseline for their ages. Exercise-induced hypo-
glycemia is one of the major concerns, espe-
cially in elderly patients, which increases the
risk of falling and cognitive dysfunction
[3, 34, 35]. In the present study, the WBV group
patients showed a significant improvement in
HbA1c, although their fasting glucose levels and
CPR indexes were unchanged. Also, there were
no hypoglycemic episodes. The improvement
in global glycemia without reducing fasting
glycemia suggested that their glucose levels
were optimized in a smaller range in the fasting
and postprandial glucose transition after the
intervention. WBV may affect glycemic control
via several mechanisms. In a future study,
evaluation of glucose and insulin levels in
response to nutrients and basal glucose and
insulin levels would help confirm these
findings.

Improvement of motor function and ame-
lioration of liver function might contribute
toward glycemic control. Better patient quality
of life is known to be related to better glycemic
control [36]. Considering the significant
improvement in both DTSQ and GDS scores
after the WBV intervention (Table 2), the cur-
rent WBV program may enhance optimal gly-
cemic control by positively affecting motivation
and adherence to diabetic treatment. The
unchanged lipid metabolism may be because of
the high frequency of statin use before enroll-
ment in both groups. Of those enrolled in the
study, eight (66.7%) patients in the control
group and eight (57.1%) patients in the WBV
group had been prescribed a statin, which
enabled favorable lipid control. The reason why
any statistical difference in LDL levels between
groups could not be seen regardless of more
patients being prescribed statins in the control
group was partly because we prescribed statins
based on the same target LDL level of\120 mg/
dl in the participants in this study in addition to
the small sample size.

In the present study, depressive symptoms
were reduced exclusively in the WBV group.
The potential of exercise in treating depression

has been shown by other forms of exercise in
prior studies [9, 10]. Additionally, our data shed
light on the novel insight of using WBV for
depression, which can assist in preventing falls
in these patients.

Our WBV program was performed thrice a
week, with 15-min personalized-intensity ses-
sions. This regimen had[ 90% adherence dur-
ing the 6-month intervention. Therefore, it is
appropriate for elderly patients.

This study has several limitations, such as a
retrospective cohort design, small sample size,
and single-center setting. Although both
groups’ baseline characteristics seemed similar,
we should carefully consider the confounding
bias, such as patients’ favoring WBV and the sex
imbalance of male dominance in the WBV
group. To address these limitations, future
multicenter randomized controlled trials con-
sisting of a larger sample size are warranted. We
need to set hard endpoints, such as falls, in a
more extended period to confirm that the
findings in the present study are clinically sig-
nificant and reproducible changes. We hope
this study can facilitate larger scale research
involving more clinics and contribute to health-
related quality of life in elderly patients with
diabetes through the novel exercise program.

CONCLUSION

In conclusion, the application of a 6-month
WBV exercise program in a primary-care setting
was well tolerated, safe, and potentially effec-
tive at glycemic control, preventing falls
through improved balance and mood in elderly
patients with T2DM. These findings can pro-
mote clinical studies to evaluate the effect of
WBV in elderly patients with T2DM and will
encourage the use of this novel exercise-based
management.
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