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Background: The coexistence of hypertension and diabetes mellitus significantly increases
the risk of macrovascular complications in patients with diabetes. Home blood pressure is
important because it is more strongly associated with target organ damage and total mortality
than clinic blood pressure measurements. Regular moderate aerobic exercise has antihyper-
tensive effects. This study aims to examine the effect of aerobic exercise therapy on blood
pressure at home in patients with diabetes.

Patients and Methods: In this crossover randomized controlled trial, 110 patients with
type 2 diabetes will be randomly assigned to two groups: an exercise preceding group and an
exercise lagging group. During the exercise period, patients will be instructed to walk either
30 minutes twice each day or 60 minutes once each day for at least 3 days per week. During
the non-exercise period, patients will be permitted to perform physical activity associated
with activities of daily life. Patients will be followed up for 56 days. The primary outcome
will be the mean nocturnal blood pressure from day 24 to 28 during the exercise period
compared to that during the non-exercise period. The secondary outcome will include
variation in nocturnal blood pressure, mean blood pressure values and variation of morning
and evening blood pressure from day 24 to 28 in the exercise period compared to the non-
exercise period, body weight, body mass index and bioelectrical impedance analysis.
Biochemical tests such as hemoglobin Alc level, blood glucose level, serum lipid profile,
renal function, uric acid levels and liver function tests will also be measured.

Discussion: This randomized controlled trial will provide critical information regarding the
effectiveness of moderate exercise on nocturnal blood pressure reduction. If successful, the results
of this randomized controlled trial may increase exercise motivation in people with diabetes and
may lead to improvement or prevention of target organ damage and overall mortality.

Trial Registration: Trial registration: University Hospital Medical Information Network,
UMIN 000035973. Protocol version number: R000040969. Registration date: February 22,
2019. Recruitment began: June 19, 2019. The date of completion of recruitment: July 3, 2020.
URL: http://www.umin.ac.jp.

Keywords: nocturnal blood pressure, type 2 diabetes, aerobic exercise, randomized
controlled trial

Introduction
Hypertension is reported in more than half of the patients with diabetes mellitus,
and it significantly increases the risk of both microvascular and macrovascular

submit your manuscript

Dove n

http:

" in @

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 4747-4753 4747
© 2020 Iwai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-5462-1852
http://orcid.org/0000-0001-6254-2225
http://orcid.org/0000-0002-8794-0550
http://orcid.org/0000-0002-1707-970X
http://www.umin.ac.jp
mailto:emis@koto.kpu-m.ac.jp
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Iwai et al

Dove

diseases.! In particular, the coexistence of hypertension
and diabetes significantly increases the risk of macrovas-
cular diseases such as cerebral and myocardial
infarctions.”® Therefore, intensive monitoring and treat-
ment for hypertension and hyperglycemia is important
for patients with diabetes. Home blood pressure (HBP) is
very important because it is more strongly associated with
target organ damage, cardiovascular events, and total mor-
tality than clinic blood pressure (BP).* It is also more
reliable, since individuals spend more time at home than
in clinics.

Bertani et al reported that in elderly hypertensive
patients, a greater nocturnal decline in diastolic BP was
observed in resistance training in comparison with interval
aerobic training.” However, this study differs from their
study in that they excluded patients with diabetes and with
systolic BP >160 mmHg and diastolic BP >100 mmHg.
Aerobic exercise is currently recommended for decreasing
cardiovascular risk by decreasing resting BP. An acute
bout of moderate aerobic exercise elicits a decrease in
BP known as post-exercise hypotension.® This lowering
of BPs is observed for up to 24 hours post-exercise,
demonstrating the clinical effects of aerobic exercise in
hypertensive patients.” However, there have been no stu-
dies to investigate the effects of exercise therapy on noc-
turnal BP in patients with diabetes. The aim of this study is
to examine the usefulness of exercise therapy in control-

ling HBP, especially nocturnal BP, in diabetes patients.

Patients and Methods

Study Design

This study will be a randomized crossover trial aimed at
evaluating the usefulness of exercise therapy in control-
ling HBP. It will examine the superiority of randomized
comparisons between two groups of diabetes patients: an
exercise preceding group (in which the exercise period is
from day 1 to day 28) and exercise lagging group (exer-
cise period is from day 29 to day 56).*'” A total of 110
patients with type 2 diabetes who receive outpatient
treatment at the Hospital of the Kyoto Prefectural
University of Medicine, Japan, will be randomly
assigned to the two groups. Blood samples, spot urine
tests, physical measurements, and body composition,
analyzed by InBody 720 bioelectrical impedance device
(InBody Japan, Tokyo, Japan), will be evaluated at the
baseline visit and each follow-up visit (day 29 and day
57 after enrolment). The primary outcome will be the

average value of nocturnal BP from day 24 to 28 during
the exercise period compared to the non-exercise period.
Each participant will be enrolled for 2 months from
randomization to the final follow-up assessment.

Study Setting

The study will be conducted at the Hospital of the Kyoto
Prefectural University of Medicine. Recruitment by clin-
icians and all study visits will be conducted in the out-
patient clinics.

Recruitment
Participants will be recruited from June 2019 to
March 2021. First, the outpatient clinician will recruit the
patient. The researcher will explain the details of the study
in a separate the

room using study protocol

(Supplementary material).

Inclusion Criteria
The target patients must meet all of the following inclusion
criteria when giving informed consent:

¢ Diagnosed with type 2 diabetes mellitus (we will apply
the Japan Diabetes Society’s ‘Report of the Committee
on the Classification and Diagnostic Criteria of
Diabetes Mellitus’ for diagnosing diabetes);’

e Aged between 20 and 90 years.

e Written informed consent must be obtained from the
patient before registration in this study.

The patients were kept on the same treatment for at
least 3 months prior to randomization to account for the
effect of SGLT2 and GLP1 on BP.'*"

Exclusion Criteria
Patients will be excluded from the study if they fulfil any
of the following exclusion criteria:

e Urine ketones moderately positive.

e Presence of advanced renal failure (serum creatinine
>2.0 mg/dL or patient receiving dialysis).

e Serious diabetic autonomic neuropathy (eg cardiac
autonomic neuropathy, increasing the risk of sudden
cardiac arrest) or recent fundus hemorrhage due to
proliferative retinopathy.

e Serious liver disease (eg decompensated cases with
jaundice and ascites) or endocrine disease.
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e Serious heart disease (eg unstable angina pectoris,
myocarditis, moderate to critical aortic stenosis,
severe arrhythmia), lung disease, cerebrovascular dis-
ease, or orthopedic disease making exercise difficult
to perform.

e Participation in the study is considered by their phy-
sician to be inappropriate for other safety reasons.

Study Procedures

After confirming that a patient is eligible for the study,
written informed consent will be obtained. All participants
will be asked to attend follow-up visits 1 and 2 months
after enrollment.

At enrollment, the patients will be randomized to either
the exercise preceding group or the exercise lagging
group. Patients assigned to the exercise preceding group
will be instructed to walk 30 minutes twice each day or 60
minutes once each day for at least 3 days per week
from day 1 to day 28. After the follow-up visits 1 month
after enrolment, patients will be instructed to perform
physical activity only up to the level of daily life (<4
metabolic equivalents of task [METs])'? from day 29
to day 56 until the follow-up visits 2 months after enroll-
ment. Patients assigned to the exercise lagging group will
be instructed to perform physical activity only up to the
level of daily life (<4 METs) from day 1 to day 28. After
the follow-up visits 1 month after enrollment, patients will
be instructed to exercise at least 3 days per week from day
29 to day 56 until the follow-up visits 2 months after
enrollment.

At each follow-up visit, the researcher will meet with
the participants, check the exercise compliance, assess
changes in physical condition, and answer participants’
questions regarding the study to promote participant reten-
tion and complete follow-up. Participants’ compliance
during the exercise and non-exercise periods will be con-
firmed using questionnaire records. The questionnaire
records will be collected at the second follow-up visit at
the end of the study.

Sample Size

Carlson et al reported in a previous interventional study of
hypertensive patients that exercise intervention (ie 4 sets
of 2-minute isometric handgrip exercises separated by
3-minute rest periods, 3 days per week for 8 weeks)
reduced the systolic BP by approximately 7 mmHg, from
136 + 12 mmHg to 129 + 15 mmHg (p = 0.04)."* Based on
this report, we set the standard deviation of systolic BP in

each arm to 15 mmHg and the difference between arms to
6 mmHg. To be conservative, the correlation of arms was
set to 0. With the one-sided significance level set at 0.025,
and power set at 0.8, the required sample size was 101
participants as determined in the paired #-test performed by
SAS™9.4. Assuming a 10% dropout rate, we set the total
sample size as 110 participants.

Randomization Procedures

Immediately after obtaining participants’ informed con-
sent, a third party which is not involved in this research
will perform simple randomization using random numbers.
All participants will be randomized to one of the two arms
(exercise preceding group or exercise lagging group) in
equal numbers. If the participant requests to switch the
exercise period and the non-exercise period for their own
convenience, unblinding is permissible, and the partici-
pant’s allocated intervention during the trial will be
revealed to explain that the order cannot be switched.

Intervention

Instructions on exercise intensity during the exercise per-
iod and activities of daily living permitted during the non-
exercise period will be based on the METs table.'*

Details of Exercise Period

The exercise therapy will consist of walking 30 minutes
twice per day, or walking 60 minutes once per day, with
a goal of over 6000 steps per day, for more than 3 days per
week.

Details of Non-Exercise Period

During the non-exercise period, physical activity up to the
level of daily life (<4 METs)" such as stretching at home,
slow walking on flat ground, commuting by bicycle, and
housework will be permitted.

Details of BP Measurement

A validated, automatic device (HEM-7080IC; Omron
Healthcare Co. Ltd, Kyoto, Japan) equipped with memory
to store the date, time, and readings will be loaned to each
participant at baseline (first outpatient visit). At this time,
the researcher will also instruct participants on how to
measure BP.

HBP Measurements
HBP will be measured from day 24 to day 28 of each
period (exercise and non-exercise). Patients will be
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instructed to perform triplicate morning and evening BP
measurements themselves, with at least 1 minute between
recordings, for 5 consecutive days. Morning BP measure-
ments will be performed within 1 hour of waking, before
breakfast or taking any medicines, with the patient seated
and having rested for at least 5 minutes.'® Evening BP
measurements will be obtained in a similar manner just
prior to bedtime. The cuff will be placed directly around
the non-dominant arm, and the position of the cuff will be
maintained at the level of the heart.

Nocturnal BP

Patients will be instructed to go to bed with the cuff
attached to the non-dominant upper arm, and the machine
will automatically measure BP at night: at 2:00, 3:00, 4:00,
and 5:00 AM.

Measurements and Outcomes
All outcome measures will be assessed at baseline and at
the 1-month and 2-month follow-up visits (Table 1).

Primary Outcome

The primary outcome measure will be the average value of
nocturnal BP from day 24 to 28 during the exercise period
compared to the non-exercise period.

Secondary Outcomes
The secondary outcomes measures will include the variation
in nocturnal BP, mean blood pressure value and variation of
morning and evening BP from day 24 to day 28 of the
exercise period compared to the non-exercise period, hemo-
globin Alc level, blood glucose level, serum lipid profile
(triglycerides, total cholesterol, high-density lipoprotein cho-
lesterol, and low-density lipoprotein cholesterol), renal func-
tion (creatinine and estimated glomerular filtration rate), liver
function (alanine aminotransferase, y-glutamyl transpepti-
dase, and aspartate aminotransferase), urinary albumin
excretion level, sleep time, body weight, body mass index,
and bioelectrical impedance analysis measured by InBody
720."" The average sleep time will be confirmed using
a questionnaire at the time of study entry.

Blood samples for biochemical measurements will be
taken in the morning. Hemoglobin Alc level, serum lipid
profile, and other biochemical data will be determined using
standard laboratory measurements. Hemoglobin Alc level will
be expressed as National Glycohemoglobin Standardization
Program units. Information on sex, age, duration of diabetes,
status, alcohol and use of

smoking consumption,

antihypertensive medication and complications of diabetes
will be collected from each participant at baseline.

Neuropathy will be defined based on the diagnostic cri-
teria for diabetic polyneuropathy proposed by the Diabetic
Neuropathy Study Group.'® The presence of retinopathy will
be assessed from chart reviews. Macrovascular complica-
tions will be defined as the presence of past cerebrovascular
disease, cardiovascular disease, or arteriosclerosis obliterans,
based on physical examination or medical history. Patients
who have not undergone electrocardiography and pulse wave
velocity measurement 6 months prior to baseline will
undergo these before enrollment to ensure that there is no
major vascular disease that would make exercise difficult.
Major vascular diseases that would make it difficult to exer-
cise include obstructive arteriosclerosis and severe
arrhythmias.

Change in diabetic medication (number of drugs cur-
rently prescribed to the patient dosage of drugs initiation
of new medication during study period initiation of inject-
able diabetic medication initiation of insulin number of
medicines stopped or changed during the study period) and
change in antihypertensive medication (number of drugs
started or stopped during study period dosage of drugs
initiation of new medication during study period) will be

recorded.

Statistical Methods

A paired #-test will be used to test the null hypothesis that
the exercise lagging group and exercise preceding group
have equivalent primary endpoints. Subgroup analyses
will be conducted, stratified by change in nocturnal BP
by sleep time (<6 or >6 hours),'® age (<65 or >65 years),
sex (male or female), and hemoglobin Alc levels (<7% or
>7%). JMP version 14.2.0 (SAS Institute Inc., Cary, NC,
USA) will be used for statistical analyses, and p <0.025
(one-sided) will be considered statistically significant.

Discussion
The coexistence of high BP and diabetes significantly
increases the risk of macrovascular disease such as cere-
bral infarction and myocardial infarctions.*>

Moreover, a number of intervention studies have reported
the improvement of BP by exercise therapy.>*' This study is
a randomized controlled trial on the usefulness of exercise
therapy in controlling nocturnal BP in patients with diabetes.
Demonstrating that moderate exercise therapy is effective to
nocturnal BP in diabetic patients would have great clinical
significance, since the coexistence of hypertension and
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Table | Overview of Assessment Schedule and Measures

Study Follow-Up Visits
Timepoint Enrolment Allocation I Month 2 Months
Enrolment
Eligibility screen X
Informed consent X
Allocation X
Exercise preceding group X
Exercise period
Exercise lagging group X
Exercise period
HBP measurement X X
(day 24-28 each period)
Assessments
Demographics X
InBody X X X
Sleeping habits X X X
Medication review X X X
Body weight X X X
Hemoglobin Alc X X X
Blood glucose X X X
Serum lipid profile X X X
Renal function X X X
Liver function X X X
Urinary albumin excretion X X X

Abbreviation: HBP, home blood pressure.

diabetes mellitus significantly increases the risk of macro-
vascular complications of diabetes. This study aims to con-
duct a clinical trial that will provide clinicians with evidence
on how moderate exercise can affect nocturnal blood pres-
sure. If our exercise intervention proves successful, the
results of this randomized controlled trial may increase exer-
cise motivation in people with diabetes, and may lead to
improvement of target organ damage and overall mortality.
This protocol may also provide guidance to other researchers
interested in testing similar interventions.

The results of our study will be presented at national
and international conferences and published in academic
journals.

Abbreviations
HBP, home blood pressure; BP, blood pressure; METs,
metabolic equivalents of task.

Data Sharing Statement
e Whether individual deidentified participant data (includ-
ing data dictionaries) will be shared; No.

e What data in particular will be shared; Not available.

o Whether additional, related documents will be avail-
able; Not available.

e When the data will become available and for how
long; Not applicable.

e By what access criteria data will be shared (including
with whom, for what types of analyses, and by what
mechanism); Not applicable.

Ethics Approval and Informed

Consent

This study will be conducted in accordance with the
Declaration of Helsinki. After screening for eligibility,
written informed consent will be obtained from each par-
ticipant by the researcher. Protocol modifications will be
approved by the medical research ethics committee of the
Hospital of the Kyoto Prefectural University of Medicine
(protocol reference number: R000040969). This study has
been registered in the University Hospital Medical
Information Network clinical trials registry (UMINO0O
035973). The results of this research will be announced
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at paper presentations and at academic conferences in
Japan and overseas.
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