


The Impact of HbA1c Level on The Risk of End Stage Renal Disease in T2DM Patients with or Without Hypertension: What is The Therapeutic Target? 

Abstract:    
Objectives: 
This protocol is planned to determine the relationship between good control of hyperglycemia and the prevention of renal failure and/or kidney damage. While the relationship between poor control of high blood pressure in Type II Diabetes Mellitus (T2DM) and progression to kidney failure is clear, the ideal blood glucose marker measurement, glycosylated haemoglobin (HbA1c) target level to protect the kidneys is, as yet, unknown and there is an obvious need to identify this ideal HbA1c target. The design of this protocol will also investigate whether coexistence of high blood pressure would exacerbate kidney damage in T2DM. 
Methods: 
This protocol will examine different treatment intensity options to control hyperglycaemia and hypertension (if it is present) until a specific HbA1c target is reached in each group to identify the relation between level of glycaemic control and progression into chronic kidney disease.
Participants will be from the Middle East & North Africa region (MENA), especially Egypt, Saudi Arabia, Kuwait and UAE. 
Those patients should have been confirmed with diagnosis for at least 10 years, with an HbA1c level of ≥ 8% with no history of cardiovascular events or diabetic foot disease. Patients with or without a confirmed coexistence of high blood pressure will be eligible to participate in this study. 
Conclusion:
This study is designed to determine a clear-cut target HbA1c and recommendations for healthcare providers, and insurers to provide the best level of care for subjects living with T2DM. Despite the numerous publications that studied this important topic, none of them were aiming in the primary end point to determine the HbA1c target with the best kidney functions or less likely progressing to renal failure.   
key words: T2DM OR type 2 diabetes mellitus, non-insulin dependent diabetes mellitus, ESRD (End Stage Renal Disease), CKD (chronic kidney disease), CRI, (chronic renal insufficiency), renal failure, Hypertension, high blood pressure, systolic hypertension, elevated blood pressure, Glycated haemoglobin, HbA1c (HbA1c)
Introduction: 
The reason for conducting the study in this region is the high prevalence of T2DM in the MENA region, in figure 1, you will see the prevalence of T2DM in MENA countries in the year 2008, and the International Diabetes Federation expected that number of diabetic patients will be doubled by the year 2030. They also stated that one of each 5 diabetic patients has two or more diabetes related complications. (1) 

Figure 1: Prevalence of diabetes in Middle East and North Africa region, represented by 4 countries as defined by the World Bank arranged in increasing prevalence of diabetes; 
Another study showed that highest prevalence of diabetes in the world was in the middle East, with an average prevalence of 12.2%, it compared the prevalence change in each country from the year 2000 to the year 2014 to reflect on the importance to find a way of better management and minimizing the potential complications. (2) see figure 2.

Figure 2: Middle East and North Africa countries ranked by prevalence of type 2 diabetes in 2000 and 2014 in %. 
It has been demonstrated in previous research that diabetic kidney disease (DKD) is the main predisposing factor leading to kidney failure, and that poor control of diabetes can enhance the progression to kidney failure, even before the development of retinopathy, which is usually the first microvascular complication to appear in diabetic patients. (3) Despite the good control of hyperglycaemia, about 20% of diabetic patients will develop diabetic kidney disease, but that should not prevent us from maintaining good control of diabetes. (4,5) Clinical trials data have demonstrated that early aggressive blood glucose control can achieve normal glucose levels and also delay the deterioration of kidney function and the development of microalbuminuria and decrease the estimated glomerular filtration rate (eGFR) in type 2 Diabetes Mellitus (T2DM) patients to a certain extent. (6,7) While many guidelines state that aggressive treatment of diabetes from diagnosis to a target HbA1c of 7% or less can protect the kidneys and reduce the progression to diabetic kidney disease, some other studies concluded that both very low HbA1c of <6% or very high >9% will increase the risk of death. (8,9)
Hypertension has been shown to be a predisposing factor leading to kidney failure in patients with type 2 diabetes, and this has been demonstrated in many publications, including the ADVANCE study where more than 11,000 diabetic patients were randomized to either placebo or ACE inhibitors treatments (Perindopril-indapamide) regardless of their blood pressure baseline, with a median follow up of 4.3 years. Treatment with ACE inhibitors reduced the risk of renal events by 21%- through reduction of the rate of development of microalbuminuria and macroalbuminuria. (10) 
In another study of type T2DM and hypertension, it was demonstrated that if T2DM and hypertension exist together in the same patient, there is an increased risk of end stage renal disease (ESRD) and cardiovascular disease by 2-4 fold, so it is important to understand the correlation between both diseases. (11) Many publications have been published on the relationship between good control of HbA1c (with or without hypertension) and deterioration to kidney failure, but few of them have sought to identify the range of HbA1c that we should be targeting to offset poor renal outcomes. (12)  Microalbuminuria was the first established marker for renal outcome and has been utilized in clinical trials testing the effects of SGLT2 inhibitors and GLP-1 on the glycemic control and deterioration to ESRD. (13)
Perkovic et al have analyzed the ADVANCE study from a different perspective and stated that macroalbuminuria and doubled serum creatinine level are surrogate end points, but they provided an early warning on the reliability of albuminuria as a confirmed renal outcome and still debatable because some diabetic patients have developed progressive kidney disease without having albuminuria. In a 2-arm comparison between intensive glucose lowering versus standard glucose lowering, there was a 65% reduction of the progression into end stage renal disease in the intensive glucose lowering arm. Since the total number of events that occurred in both groups was low, the number needed to treat (NNT) over 5 years to prevent one incident of  ESRD was 410 patients, it seems a high number and does not justify the intention of the study, however, in a subpopulation at high renal risk, the NNT over 5 years to prevent one incident of ESRD was only 85, more acceptable. (14) 
The DISCOVER study was a global prospective observational study where patients were recruited from over 38 countries. Results demonstrated a positive relationship between HbA1c and microvascular complications. Chronic kidney disease had a prevalence of 5% and albuminuria at 4.3%, suggesting urgent modification of risk factors in addition to the good control of hyperglycemia is needed. (15)   
To estimate the prevalence of hypertension in people living with diabetes in Jordan, a cross-sectional study was performed in the outpatient’s diabetes clinics and included 1000 patients with diabetes. The study used a questionnaire to determine whether participants were aware of having high blood pressure and then measured their blood pressure. It was found that almost 72% of patients in the study had hypertension of above 130/80. Hypertension was associated with age, Body Mass Index (MBI) and duration of diabetes (p=0.001). It also demonstrated that half of the patients were aware of having hypertension, but failed to control their high blood pressure, which prove that T2DM is a predisposing factor for developing hypertension. (16) 
A Japanese study tested four different groups of patients to estimate the HbA1c level that could protect against diabetic nephropathy, and concluded that in all groups, maintenance of HbA1c lower than 7% (together with targeting BMI of <25) was beneficial in delaying the progression into end stage renal disease. (17) 
In another HbA1c variability study conducted in Japan, Patients were monitored for a median of 9.5 years, they tested HbA1c from two angles, mean HbA1c and standard deviation HbA1c. it showed that patients with increased HbA1c-mean and HbA1c-SD had a significantly increased risk of developing diabetes-related complications, which were listed as our six study endpoints. After full adjustment of the model, increased HbA1c-mean was associated with a significantly increased risk of a UACR > 300 mg/g and advanced retinopathy, while increased HbA1c-SD was associated with a significantly increased risk of a UACR > 300 mg/g, doubling of serum creatinine, and all-cause mortality and CVD mortality. (18) This can only add to previous study referenced above and confirms that increased HbA1c will always lead to ESRD. 
To conclude, poor glycaemic control and uncontrolled hypertension are risk factors for the development of ESRD. There is an urgent need to establish clear HbA1c targets to offset the risk of substantial morbidity and mortality. 
Rationale: 
With diabetic nephropathy as one of the most serious complications of type2 diabetes, it is important to understand the causality in diabetic patients and how to prevent or delay such serious outcomes. 
The aim of this protocol is to determine the precise target in terms of controlling hyperglycaemia, here there will be a need to show that HbA1c -as a major marker for diabetes control- of lower than <7% would prevent and/or delay the progression to end stage renal disease. The primary end points will be monitored until we reach to a certain number of events that will be specified in the statistical analysis plan, in other words, this is an event driven study.
Additionally, the protocol will study subgroups of patients having other comorbidities at the recruitment time e.g., hypertension.
Objectives:
· Identify the HbA1c arm with the highest mean eGFR at the end of the study.
· To identify a well-defined HbA1c target to offset risk of DKD.
· Collect data which relates HbA1c levels to kidney disease. 
Hypothesis: 
As continuous control of hyperglycaemia is inversely proportional to progression to ESRD, it is expected that good glycaemic control will benefit the kidney, but the HbA1c target level is, as yet, unknown.
The null hypothesis is that HbA1c level is thought to be around 7% to achieve the highest average of eGFR and kidney protection. So, at the end of the trial, eGFR will be similar in both groups.   
Methodology:
Study description:
The study will be an open label randomized clinical trial. It will also look at different therapeutic targets and allow the drop out of not more than 10%, and termination of participation of any patient from the study at the discretion of the physician if they see it appropriate. The randomization will prevent any bias from happening and ensure fair allocation of eligible patients into different study arms. As the study is open label, the end points will be objective and not subjective, in other words, there will not be any patient’s preference or quality of life questionnaires, again to avoid potential bias.  
Study Population:
Inclusion & Exclusion criteria:
Inclusion and exclusion criteria will be based on the hypothesis and objective of the study. Screening of patients will carefully investigate these criteria and make sure each successfully screened patient will meet the eligibility criteria as per the protocol and any deviation will lead to termination of patient participation and will not be counted in the analysis (see table 1).


	Inclusion Criteria
	Exclusion Criteria

	· Patients with longstanding diabetes >10 years (with or without hypertension) will be recruited.
	· Patients who are participating in another clinical trials, currently or in the past 90 days.

	· Age between 40 - 65 years old. 
	· Patients with history of coronary artery disease. 

	· Patients on two or three types of medications and with HbA1c of >8%. 
	· Previous incident of diabetic kidney disease.

	· Recruitment from different countries in the Middle East. 
	· Previous incident of strokes or Transient Ischaemic Attacks.

	· eGFR should be >60 ml/min/1.73 m2 at screening time
	· Any foot disorders related to their current diabetes. 


Table 1: Inclusion & Exclusion criteria
Intervention and Analysis:
Patients who meet eligibility criteria of the study will be randomly and equally assigned to one of the patient arms demonstrated above. The study will initiate therapy with the same regimen in all groups, then adjust the doses and/or add more medications according to the planned goal of control of HbA1c as per the study design below. (see figure 3)
An event driven study with open label randomization to four treatment arms, as follows.
· Study arm 1a: Patients with T2DM alone and A1c target of 6.5% - 7%
· Study arm 1b: Patients with combined T2DM & Hypertension and A1c target of 6.5% - 7%
· Study arm 2a: Patients with T2DM alone and A1c target of 7% - 7.5%
· Study arm 2b: Patients with combined T2DM & Hypertension and A1c target of 7% - 7.5%
Randomization will be prepared in a central store as sealed envelopes, then eligible patients will be assigned randomly using Interactive Voice Response System.  
Study design:
Patients will be assigned to one of several study arms, according to the intensity of management of hyperglycaemia, in each arm we should allow doses to increase every 3 months until we reach the desired HbA1c target for each arm, then once the HbA1c target is achieved, the latest medications and doses used will be maintained until progression to end stage renal disease. The main 2 study arms according to the target HbA1c will be 1) Between 6.5% - 7.%. 2) Between 7% - 7.5%, in addition to two more arms for patients who have also high blood pressure at the baseline, as other comorbidity with T2DM. HbA1c will continue to be monitored every 6 months until the end of the study. 
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Figure 3:  this diagram illustrates the study design and the randomization to each arm of the study. Also, it shows the two subcategories of each arm (with or without baseline hypertension), until each patient group reaches their desired or planned HbA1c target.  

Suggested interventions: 
· Medications of study arm 1a: SGLT2i (Dapagliflozin 10mg) + DPP4i (Vildagliptin + metformin 50/1000 X2) + basal insulin (+/- GLP1 in   jection)
· Medications of study arm 1b: SGLT2i (Dapagliflozin 10mg) + DPP4i (Vildagliptin + metformin 50/1000 X2) + basal insulin (+/- GLP1 injection) + ACEi
· Medications of study arm 2a: SGLT2i (Dapagliflozin 10mg) + biguanide (metformin 2gm/day) + basal insulin (+/- GLP1 injection or Galvus) 
· Medications of study arm 2b: SGLT2i (Dapagliflozin 10mg) + biguanide (metformin 2gm/day) + basal insulin (+/- GLP1 injection or Galvus) + ACEi  
HbA1c will be measured every 3 months and adjust doses up or down when needed or add a new medication (GLP1 injection) to achieve the desired HbA1c target of each treatment arm, then it will be measured every 6 months onward in the maintenance phase. 
For the control of hypertension, the goal is to achieve a blood pressure of <130/80 mmHg, we will start with ACEi and increase the dose until we reach blood pressure target, if necessary, we may also add Calcium Channel Blockers. 
The materials for intervention will be monitored/counted for all patients in every visit to insure they are adherent to their respective medications. Periodic telephone check may take place in between visits to see how they are adherent to their medications.
All patients’ groups participating in the study will be advised to perform physical exercise at least walking for 30 min per day and will be encouraged to keep an acceptable body weight through following a diet plan and perhaps change their eating habits. 
All patients’ groups will be trained on glucose self-monitoring and measure their fasting and post prandial blood sugar levels at least 2-3 times a week and will be trained on how to adjust their basal insulin level accordingly. 
Patients not able to achieve their planned HbA1c target for 3 or more consecutive visits, will be forced to exit the study, because this will only reflect their non-compliance to the assigned therapy. 
Schedule of enrolment, interventions and timelines: 
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Table 2: The sequence of events and procedure of the study. 

  Sample Size & Power Calculation: 
At a 5% level of significance, in order to achieve 80% power and a difference of 12% (19,20,21) in the number of patients reaching the definition of ESRD, 241 eligible patients will be needed to be enrolled in each of the 2 arms. 250 patients per arm might be recruited to compensate for those patients not achieving the HbA1c goal.
Justification of sample size calculation:
In a meta-analysis of randomized Controlled Trials, B.Sinha and S.Ghosal, they made a conclusion that a target HbA1c of 7.1% - 7.7% will reduce the risk of both macrovascular and microvascular complications including end stage renal disease and macroalbuminuria, it showed reduction of 32% of ESRD, and reduction of 18% in the incidence of macroalbuminuria. (19) Zoungas and colleagues, conducted a meta-analysis of four major studies and reported that intensive glycaemic control can offer up to 20% reduction in the risk of the composite of end stage renal disease, macroalbuminuria and death. (20)  In another Chinese study, they stated that patients with HbA1c of <6% were associated with highest risk of end stage renal disease, followed by patients with an HbA1c of >7%, and concluded that the group of patients with HbA1c between 6%-6.9% were associated with the lowest risk of ESRD. (21) 
It is now obvious that lower HbA1c target is associated with a better outcome in terms of macroalbuminuria and end stage renal disease. According to different studies and meta-analysis, they concluded that risk reduction of ESRD ranges between 20%-32% and sometimes reach to 40%, and risk reduction of macroalbuminuria ranges between 18% and 30%. So, our sample size calculation is based on an average difference of 12% between the 2 arms in this study. 
The study can be event driven study, where a specific numbers of end points should occur to conclude the study, as we cannot wait for all subjects to develop CKD, it may last for decades. The protocol is to set an average time of 5 or 6 years as the length of the study, then we can evaluate the end points by then. 
Data Collection: 
Patients’ data will be collected on a CRF (case report form) which will most likely be in an electronic form (eCRF) to make life of investigators and study teams easier. Periodic and random monitoring will be performed on regular bases, where queries will be generated -when needed- and will be sent to study investigators to answer. When data is clean, it can be submitted to data management centre. 
Study Outcomes: 
Since the protocol is open label, none controlled study, all outcomes will be quantitative in nature (numerical) and no patient questionnaires will be used to avoid bias. (see table 3)
	A) Primary endpoints
	B) Secondary endpoints
	C) Safety endpoints: 

	· Median number of patients with eGFR below 20 mL/min/1.73m2 in each arm. 
	· Percentage of patients who needed incident dialysis in each arm.
	· Reporting any serious adverse events (SAEs) that might occur.

	
	· Percentage of patients who developed MACE* (major adverse cardiovascular events) in each arm.
	· Reporting the common adverse events (AEs) related to any of the interventional drugs e.g., hypoglycaemia, urinary tract infection, nausea, vomiting or cough.

	· Median number of occurrences of macroalbuminuria (urine albumin excretion rate (AER)≥300 mg/d) in each arm.
	· Percentage of hospitalization due to hypoglycaemia in each arm.
	

	
	· Percentage of hospitalization due to any cause in each arm.
	· Each of the common AEs will receive a code to facilitate reporting in the eCRF.


Table 3: The study outcomes/endpoints, from primary, secondary and safety endpoints. 
·  * MACE: the composite of total death, myocardial infarction, coronary revascularization, stroke, and hospitalization because of heart failure. 

Statistical Analysis Plan: 
Simple descriptive statistics will initially be employed to summarize the outcome of each arm of the study. Two sample proportion tests will be used to assess for the significance of any differences between arms: 1a and 2a; 1b and 2b as well as overall difference between arms 1 and 2. 
Bonferroni corrections will be used due to multiple testing. A 5% level of significance will be set, and test will be performed using IBM SPSS v28.0. 
Prespecified Eligibility for Analysis:
Patients will be non-compliant for 3 or more visits and will not achieve their assigned HbA1c target, will be excluded from the study and will not be eligible for analysis.

Study Assumptions:

Total number of patients: 482
Recruitment period: 12 months
Accrual intervals: 9.3 patients per week
Follow-up intervals: 60 months
Median time to an event (best estimate): 7.5 years
A total of 482 patients will enter this two-treatment parallel-design study. The probability is 80 percent that the study will detect a treatment difference at a two-sided 5.0 percent significance level if the true hazard ratio is 1.555. This is based on the assumption that the accrual period will be 12 Months and the follow up period will be 60 Months and the median survival is 90 Months. The total number of events will be 158.
Discussion:  
  As was described in the introduction, huge number of trials have been conducted by respected authors for the benefits of good control of hyperglycaemia and hypertension and how this control will benefit type II diabetes patients in the prevention and/or delay of microvascular complications, including the progression into end stage renal disease, which is the topic of this study. 
There was no consistency in the literature for the level of HbA1c that we should target to get the maximum benefits. They all agreed that HbA1c above 8% is directly linked to renal failure and mortality. 
And the majority also stated that target of less than 6% is also linked to higher mortality.       
On the other hand, there was a consensus that target HbA1c of less tha n 7.5% is beneficial to protect against ESRD, but it was not very clear whether a target of 7% to 7.5% is better or worse than a target of 6.5% to 7%. 
Hence came the need to specifically investigate those two target ranges through a randomized clinical trial with the primary objective to settle the ideal range of HbA1c target, which can protect the kidneys of type II diabetic patients. 
Strengths and Limitations of This Study:
· It can be a landmark study for the Middle East T2DM patients due to lack of similar studies conducted in this population.
· The cost of medications and proposed lab tests in both groups might not be encouraging for independent institution to conduct it, it may need a collaborative study group to minimize the cost per each site.
· Almost half of the population in the Gulf Counsel Corporation (Saudi Arabia & Gulf countries) are expatriates and the probability of “lost follow up” is high due to people moving out back to their homes. 
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Conclusion:

Conclusion will be drawn after carrying out the study.
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Ethical Approval and Consent:  
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