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	3. Introduction
＜Objectives＞
This study aims to examine the usefulness of aerobic exercise therapy for home blood pressure control in diabetes 
　patients.
＜Background and rationale＞
Hypertension is present in more than half of patients with diabetes mellitus and significantly increases the risk of both microvascular and macrovascular diseases.1 In particular, the coexistence of hypertension and diabetes significantly increases the risk of macrovascular diseases such as cerebral infarction and myocardial infarction.2,3 Therefore, intensive treatment 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 mortality than clinic blood pressure (BP).4 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.5 These lower BPs are observed for up to 24 hours post-exercise, demonstrating the clinical effects of aerobic exercise in hypertensive patients.6 However, there have been no studies to investigate the effects of exercise therapy on nocturnal BP in patients with diabetes. The aim of this study is to examine the usefulness of exercise therapy in controlling HBP, especially nocturnal BP, in diabetes patients. 
1. Sowers JR. Diabetes Mellitus and Vascular Disease. Hypertension 2013;61:943–7.
2. Kengne AP, Patel A, Barzi F, Jamrozik K, Lam TH, Ueshima H, Gu DF, Suh I, Woodward M. Systolic blood  
  pressure, diabetes and the risk of cardiovascular diseases in the Asia-Pacific region. J Hypertens. 2007 Jun;25(6)
      :1205-1213. 
3. NIPPON DATA80 Research Group. Risk assessment chart for death from cardiovascular disease based on a 
  19-year follow-up study of a Japanese representative population. Circ J. 2006 Oct;70(10):1249-1255.
4. Niiranen TJ, Hänninen MR, Johansson J, Reunanen A, Jula AM. Home measured blood pressure is a stronger  
  predictor of cardiovascular risk than office blood pressure: the Finn-Home study. Hypertension. 2010 Jun;55(6):
      1346-1351.）
5. MacDonald JR, MacDougall JD, Hogben CD. The effects of exercise duration on post-exercise hypotension. 
  J Hum Hypertens. 2000;14(2):125–129.  
6. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA American College of Sports Medicine 
  position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004;36(3):533–553. 

<Trial Design>
    ・ Trial phase: intervention study
・ Comparison method: Crossover comparison Control type: Placebo control
・ Intervention assignment method: randomized / open-label
・ Evaluator blinded: None

	4. Methods: Participants, interventions, and outcomes
　4.1 Description of study settings
     Hospital: Kyoto Prefectural University of Medicine Department of Endocrinology and Metabolism.
     Country: Japan.
     Reference: URL: http://www.umin.ac.jp

  4.2. Interventions
    Instructions on exercise intensity during the exercise period and activities of daily living permitted during the 
    non-exercise period will 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 6,000 steps per day, 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)8 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 the time of loaning the home automatic device, the researcher will instruct 
    participants in 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 instructed to perform triplicate morning and evening BP measurements themselves, with at 
    least 1 min between recordings, for 5 consecutive days. Morning BP measurements will be performed within 
    1h of waking, before breakfast or taking any medicines, with the patient seated and having rested for at least 
    5 min.11 Evening BP measurements will be obtained in a similar manner just prior to bedtime. The cuff is 
    placed directly around the non-dominant arm, and the position of the cuff is 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 at night, once each hour at 2:00, 3:00, 4:00, and 5:00 AM.
   Clinic BP: Patients will measure BP themselves at baseline and at the 1-month and 2-month follow-up 
   outpatient visits.

  4.3 Outcomes
   ・Primary outcome: The primary outcome measure will be the average value of nocturnal BP from days 24 to 
     28 during the exercise period compared to that in the non-exercise period.
· Secondary outcomes: The secondary outcomes measures will include: the variation in nocturnal BP, mean 
  value and variation of morning and evening BP from day 24 to day 28 of the exercise period compared to 
  that in the non-exercise period, hemoglobin A1c level, blood glucose level, serum lipid profile (triglycerides, 
  total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol), renal function 
  (creatinine and estimated glomerular filtration rate), liver function (alanine aminotransferase, γ-glutamyl 
  transpeptidase, and aspartate aminotransferase), urinary albumin excretion level, sleep time, body weight,
  body mass index, and bioelectrical impedance analysis measured by InBody 720.
    Blood samples for biochemical measurements will be taken in the morning. Hemoglobin A1c level, 
    serum lipid profile, and other biochemical data will be determined using standard laboratory measure-
    ments Hemoglobin A1c level will be expressed as National Glycohemoglobin Standardization Program 
    units. Information on sex, age, duration of diabetes, smoking status, alcohol consumption, and use of anti-
    hypertensive medication and complications of diabetes will be collected from each participant at baseline.
      Neuropathy will be defined based on the diagnostic criteria for diabetic polyneuropathy proposed by the 
    Diabetic Neuropathy Study Group.13 The presence of retinopathy will be assessed from chart reviews. 
    Macrovascular complications 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.
      Change in diabetic medication (number of drugs currently prescribed to the patient; dosage of drugs; 
    initiation of new medication during study period; initiation of injectable 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.

  4.4 Criteria for discontinuing allocated interventions for a given trial participant 
     1) When a participant offers to cancel.
    2) When the responsible doctor or the intervention is determined not to continue due to an adverse event
    3) When the entire study is canceled
    4) When antihypertensive drugs are changed or discontinued during the study period
    5) When the subject withdraws consent

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

   Table 1. Overview of assessment schedule and measures
	
	
	
	Study follow-up visits

	Time point
	Enrollment
	Allocation
	1 months 
	2 months

	Enrollment:
	
	
	
	

	  Eligibility screen
	X
	
	
	

	  Informed consent
	X
	
	
	

	  Allocation
	
	X
	
	

	Exercise preceding group
  Exercise period
	
	
	X
	

	Exercise lagging group
  Exercise period
	
	
	
	X

	HBP measurement
(days 24 to 28 each period)
	
	
	
	X

	[bookmark: _GoBack]Assessments:
	
	
	
	

	  Demographics
	X
	
	
	

	  InBody
	X
	
	X
	X

	  Sleeping habits 
	X
	
	X
	X

	  Medication review
	X
	
	X
	X

	  Body weight 
	X
	
	X
	X

	  Hemoglobin A1c
	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



  4.6. Sample size
    Carlson, et al reported in a previous interventional study of hypertensive patients that exercise intervention reduced   
the systolic BP about -7 mmHg, from 136 ± 12 mmHg to 129 ± 15 mmHg (p = 0.04). 9 Based on this report, we set   
the standard deviation of systolic BP in each arm is 15 mmHg and the difference between arms is 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 calculated 101 participants under paired t-test by SAS®9.4. Assuming a 10% 
dropout rate, we set the total sample size as 110 participants.  
  7. Debra J. Carlson, BSc Hons, Jodie Inder, BSc Hons, Suresh K.A. Palanisamy, PhD, James R. McFarlane, PhD, 
    Gudrun Dieberg, PhD, Neil A. Smart, PhD. The efficacy of isometric resistance training utilizing handgrip 
    exercise for blood pressure management A randomized trial. Medicine (Baltimore), 2016; Dec 95(52): e5791.

  4.7. Recruitment
    The study will be conducted at the Hospital of the Kyoto Prefectural University of Medicine. Participants will be 
   recruited, and all study visits will be conducted, in the outpatient clinics. Participants will be recruited from June 
   2019 to March 2021. 

  4.8. Methods: Assignment of interventions 
   Allocation: Immediately after obtaining participants’ informed consent, a third party who is not in charge of the 
   research will perform simple randomization using random numbers. All participants will be randomized to one of 
   the two arms (exercise preceding group or lagging group) in equal numbers.


 4.9. Methods: Data collection, management, and analysis
  4.9.1 Data collection methods
     This study will be an unblinded randomized crossover trial aimed at evaluating the usefulness of exercise therapy 
   in controlling 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 the first 28 days) and exercise lagging group 
  (exercise period is the second 28 days). 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 (1 and 2 months after enrollment). The primary outcome will be the average value of nocturnal BP 
  from days 24 to 28 during the exercise period compared to that in the non-exercise period. Each participant will be 
  enrolled for about 2 months from randomization to the final follow-up assessment.
 
  4.9.2 Data management
   How to store and dispose data: The data obtained in this study will be entered under the head of research, 
   Michiaki Fukui, until the later of 5 years from the research completion report date, 3 years from the final publication 
   date of the research results, or 10 years from the publication of the paper, whichever is later. The data and samples 
   obtained in this study are properly stored in a lockable place in the department of Endocrinology and Metabolism
   under the control of Michiaki Fukui, the research director, for five years after the publication. Important texts related    
   to research(consent forms, other data or records supporting the data used in the research such as data correction 
   history)  are properly stored at the lockable place in the Department of Endocrinology and Metabolism under the 
   control of the research director Michiaki Fukui, for 10 years after the publication and then will be disposed 
   carefully.

 4.9.3 Statistical methods
   A paired t-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 h),14 age (<65 or ≥65 years), sex (male or female), and hemoglobin A1c 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) considered statistically significant.

 4.10. Methods: Monitoring
  4.10. 1 Data monitoring: The purpose of this study is to confirm whether the deterioration of the general condition 
  including cardiac function and renal function or the onset of knee joint disease has occurred by measuring exercise 
  and nighttime blood pressure. Department of Endocrinology and Metabolism graduate student Keiko Iwai carries out 
  monitoring. KI and EU will have access to these interim results and make the final decision to terminate the trial.

  4.10.2 Harms : Evaluation and reporting of adverse events
    In the event of a serious adverse event, the principal investigator will take necessary actions and conduct an ethical   
　review with the president in accordance with the report and response procedures for the occurrence of a serious 
　adverse event in clinical research at Kyoto Prefectural University of Medicine. Report through the application system 
　and submit documents to the Medical Ethics Review Board Secretariat. In addition, information on the adverse events 
　will be shared with researchers involved in conducting the study.
　・Serious adverse events or malfunctions are those that fall under any of the following.
　　① Things that lead to death
　　② Life-threatening
　　③ Hospitalization for treatment or need to extend hospitalization period
　　④ Permanent or significant disability or malfunction
　　⑤ What causes congenital anomalies to offspring
    In the case of serious adverse events that cannot be predicted, and the causal relationship cannot be denied, the 
　President reports to the Ministry of Health, Labor and Welfare and publishes the response status and results.

　4.10.3 Audit
　　In this study, a data center is set up in the Department of Endocrinology and Metabolism in this study, and a third 
　party other than the research director and the researcher confirms the registration form and performs randomization 
　and report the allocation result.
　　Data related to this research is input and managed by building a data management system using the database 
　application FileMaker (manufactured by FileMaker). Anonymous data input to the data management system is 
　audited, and missing data, logically contradictory data, and data that must be reported as adverse events are 
　monitored.

	  5. Eligibility criteria
    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) 
       •Aged between 20 and 90 years;
       •Written informed consent must be obtained from the patient before registration in this study.
     Exclusion criteria:
     Patients will be excluded from the study if they fulfill any of the following exclusion criteria: 
       •Urine ketones moderately positive or positive or advanced renal failure (serum creatinine ≥2.0 mg/dL or 
        patient receiving dialysis);
       •Serious diabetic autonomic neuropathy or recent fundus hemorrhage due to proliferative retinopathy;
       •Serious liver disease or endocrine disease;
       •Serious heart disease, lung disease, cerebrovascular disease, or orthopedic disease making exercise 
        difficult to perform;
       •Participation in the study is considered by their physician to be inappropriate for other safety reasons.

	 6. Ethics and dissemination
 6.1 Research ethics approval
    This study will be conducted in accordance with the Declaration of Helsinki. After screening for eligibility, 
  written informed consent will be obtained from each participant. 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 (UMIN000035973). The results of this research will be announced at paper 
  presentations and at academic conferences in Japan and overseas.

 6.2 Procedures for receiving informed consent
　①Obtain informed consent from the research subject and conduct research.
　②Explain in writing and agree in writing
 
6.3. Confidentiality
  Personal data is anonymized and locked in the laboratory and stored, and recording media are prohibited.
After the research is done, the data will be disposed with great care to prevent personal information leakage.
When used for other studies, keep it after the study is completed for future studies if consent is obtained from the patient.
　If the information is used for research in the future, the plan will be used again after approved by the Medical Ethics Review Committee of Kyoto Prefectural University of Medicine.
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6.5 Compensation for and damage to health damage
    In this study, participants who originally had exercise habits may suffer the disadvantage of temporarily increasing 
  blood glucose levels and blood pressure during the study (when not exercising). There is no use of any other drugs  
or examinations with special medical equipment, and no direct compensation for health is expected, so no special 
  compensation is prepared.



