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			Abstract

			Objective: Observational study indicate that Hydroxychloroquine (HCQ) 400mg helps to achieve target glycemic parameter as add on in inadequately control type 2 diabetes patients (T2DM). We examine the effect of Hydroxychloroquine on reduction in glycemic parameters in uncontrolled T2DM patients.

			Methods: A 6month randomized, double-blind, placebo controlled trial of hydroxychloroquine and placebo in 39subjects (22m/17f) of ages 40-70years (y), with HbA1c >8%, Weight >60kg, and T1D> with T2DM  months was conducted at a university outpatient facility. The hydroxychloroquine group consisted of 20 subjects (12m/8f), of age 55.0±2.5 y; while the control group was made up of 19 subjects (10m/9f), of age 54.5±3.1y. Patients were randomized to double-blind hydroxychloroquine 400mg OD or placebo added on to metformin 1500mg and Glimepiride 4mg following a 4 week. The primary end point was the change from baseline to week 12 in HbA1c. Key secondary end points included change from baseline to week 24 in fasting plasma glucose (FPG), post prandial plasma glucose (PPG), change in weight and the proportion of patients achieving HbA1c target (<7%).

			Result: There was a significantly greater reduction in HbA1c at 24 weeks with HCQ add-on (-1.3±0.5% [p=0.001]) versus placebo (-0.6±0.01%[p=0.031]). There was statistically significant reductions in fasting plasma glucose and 2-h postprandial glucose with HCQ group as compared to placebo group. A larger proportion of patients achieved HbA1c <7% with HCQ add-on (60%) versus placebo add-on (21%). Adverse events were similar between treatment groups. Episodes of hypoglycaemia were infrequent in both treatment arms, and there were no episodes of major hypoglycaemia. There were statistically reductions in mean body weight (LOCF) in HCQ group. Mean change in body weight (95% CI) at week 24 was 6.12±1.1kg for the HCQ group and increased +0.9±0.4 kg for the placebo group.

			Conclusion: Patients with inadequately controlled type 2 diabetes mellitus, HCQ 400mg provided clinically meaningful improvements in glycemic control without weight gain or increased risk of hypoglycaemia.
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			Introduction

			Type 2 diabetes is a progressive disease and multiple factors were contributing towards its complication [1]. Only with lifestyle interventions or medication therapy with a single agent, adequate glycemic control may not be possible. American Diabetes Association [2] and other guidelines [3] recommend combination therapy when glycated haemoglobin (HbA1c) goal <7% is not achieved or maintained over a 3 to 6 month period. Hydroxychloroquine inhibits insulin degrading enzyme by changing pH of cellular media and therefore may partially increase intercellular insulin availability. Considering the multifaceted effects of hydroxychloroquine, it could slow down the progression from the pre-diabetes stage to 

diabetes and can also improve the cardiovascular risk profile in diabetes patients with its favourable actions on blood glucose, lipid profile and antithrombotic properties, making it an attractive add on therapeutic choice for the treatment of T2DM patients. There are few randomised trial as well as few observational study indicate that Hydroxychloroquine (HCQ) 400 mg helps to achieve target glycemic parameter as add on in inadequately control type 2 diabetes patients(T2DM). For example, a 24-week trial in 267 patients demonstrated significant reductions in HbA1c and fasting plasma glucose (FPG) with hydroxychloroquine 400mg as compare to pioglitazone 15mg [4]. The change from baseline in HbA1c at 24 weeks was similar between the 2 treatment groups. A 24 week trial [5] in 240 patients revealed significantly greater reductions in insulin dose and HbA1c by 1.3% form baseline with hydroxychloroquine 400 mg poorly controlled type 2 diabetes on stable insulin therapy along with glimepiride and metformin. ARCT study conducted by Quatraro et al. [6], there is a reduction in insulin dose by an average of 30% when hydroxychloroquine used along with insulin. We examine the effect of Hydroxychloroquine on reduction in glycemic parameters in uncontrolled T2DM patients.

			Methods

			A 6month randomized, double-blind, placebo controlled trial of hydroxychloroquine and placebo in 39subjects (22m/17f) of ages 40-70years (y), with HbA1c >8%, Weight >60Kg, and T2DM 12months was conducted at a university outpatient facility. The hydroxychloroquine group consisted of 20 subjects (12m/8f), of age 55.0±2.5 y; while the control group was made up of 19 subjects (10m/9f), of age 54.5±3.1y. At the screening visit, each patient was assigned a unique sequential subject number by an Interactive Voice Response System (IVRS), which was used for identification throughout the study. Patients were randomized 1:1 to double-blind hydroxychloroquine 400mg OD or placebo added on to metformin 1500mg and Glimepiride 4 mg following a 4 week. The computer-generated randomization scheme was developed and kept by the investigator. Randomization was performed by calling the IVRS. Placebo tablets were identical in appearance to the hydroxychloroquine tablets, and medication was dispensed using bottle numbers assigned by the IVRS. Titration or adjustment of blinded hydroxychloroquine or metformin was not allowed during the study. The primary end point was the change from baseline to week 12 in HbA1c. Key secondary end points included change from baseline to week 24 in fasting plasma glucose (FPG), post prandial plasma glucose (PPG), change in weight and the proportion of patients achieving HbA1c target (<7%). 

			The main Inclusion criteria was patients with Type 2 diabetes mellitus (T2DM) with inadequate glycemic control, defined as a central laboratory glycosylated haemoglobin (HbA1c) ≥7.5% and 9% obtained at the screening visit and weight ≥60kg. The main exclusion criteria existed any cardiovascular vascular diseases prior to screening and any type of retinal abnormalities. The protocol, amendments, and patient informed consent were approved by the institutional review board (IRB)/independent ethics committee (IEC) at each site before study initiation, and the study was performed in accordance with the Declaration of Helsinki and the International Conference on Harmonisation/Good Clinical Practice. Patients provided informed consent before study participation. Each IRB/IEC was composed of a review panel that was responsible for ensuring the protection of the rights, safety, and well-being of human subjects involved in the clinical investigation and was adequately constituted to provide assurance of that protection.

			Baseline and change from baseline efficacy assessments were analysed in the Randomized Patients Population (those who received randomized study drug with ≥1 post base line assessment). The primary efficacy analysis was an analysis of covariance (ANCOVA) of the adjusted mean change in HbA1c (least-squares mean adjusted for baseline HbA1c value) from baseline to week 24 (or LOCF) during the double-blind period with treatment as a fixed effect and baseline HbA1c as a covariate. Change from baseline to week 24 in FPG was analysed in the same way as the primary end point. The number and proportion of patients achieving a therapeutic glycemic response (HbA1c <7.0%) at week 24 LOCF was compared between groups.

			Result

			Patients demographic and baseline characteristics were described in details at Table 1. The hydroxychloroquine group consisted of 20 subjects (12m/8f), of age 55.0±2.5 y; while the control group was made up of 19 subjects (10m/9f), of age 54.5±3.1y. At week 24, adjusted mean reductions (95% CI) from baseline in HbA1c were significantly greater (P = 0.001) in the HCQ group (-1.3±0.5%) versus the placebo group (-0.6±0.01%) (Table 2). At week 24, adjusted mean reductions from baseline in the first secondary end point, FPG, were significantly greater (-60±16.7mg/dl) in the HCQ group than in the placebo group (-24.9±13.4 mg/dl), and the difference (95% CI) in between groups at week 24 was statistically significant (P = 0.001) (Table 2). At week 24 the adjusted mean reductions from baseline in PPG were also significantly greater (-135±19.9 mg/dl) in the HCQ group than in the placebo group (-42±19.2mg/dl) and the difference (95% CI) in between groups at week 24 was statistically significant (P = 0.001).

			Table 1: Patient demographic and base line characteristics (randomized patient’s population).

			
				
					
					
					
				
				
					
							
							Characteristic

						
							
							HCQ Gr (n=20)

						
							
							Placebo Gr (n=19)

						
					

					
							
							Male/Female

						
							
							12/8

						
							
							10/9

						
					

					
							
							Mean SD Age

						
							
							55.0±2.5

						
							
							54.5±3.1

						
					

					
							
							Mean SD Age Duration of Diabetes

						
							
							3.8±1.2

						
							
							3.6±1.1

						
					

					
							
							Mean (SD) Weight kg

						
							
							79.6±4.8

						
							
							78.3±4.8

						
					

					
							
							Mean (SD) HbA1c%

						
							
							8.1±0.7

						
							
							7.9±6.0

						
					

					
							
							Mean (SD) FPG, mg/dL

						
							
							178.9±17.1

						
							
							174.7±15.4

						
					

					
							
							Mean (SD) PPG, mg/dL

						
							
							315±21.4

						
							
							305±18.1

						
					

				
			

			Table 2: Primary key secondary end points (randomised patient’s population).

			
				
					
					
					
					
				
				
					
							
							Efficacy Variable

						
							
							HCQ Gr (n=20)

						
							
							Placebo Gr (n=19)

						
							
							p Value

						
					

					
							
							Weight kg

						
					

					
							
							Baseline Mean SD

						
							
							79.6±4.8

						
							
							78.3±4.8

						
							
					

					
							
							Week 24 Mean SD

						
							
							73.5±4.2

						
							
							79.2±4.3

						
							
					

					
							
							p Value

						
							
							0.001

						
							
							0.03

						
							
							0.001

						
					

					
							
							HbA1c

						
					

					
							
							Baseline Mean SD

						
							
							8.1±0.7

						
							
							7.9±0.6

						
							
					

					
							
							Week 24 Mean SD

						
							
							6.6±1

						
							
							7.3±0.5

						
							
					

					
							
							p Value

						
							
							0.001

						
							
							0.031

						
							
							0.001

						
					

					
							
							FPG, mg/dL

						
					

					
							
							Baseline Mean SD

						
							
							178.9±17.1

						
							
							174.7±15.4

						
							
					

					
							
							Week 24 Mean SD

						
							
							118.9±15.4

						
							
							149.8±10.2

						
							
					

					
							
							p Value

						
							
							0.001

						
							
							0.012

						
							
							0.001

						
					

					
							
							PPG, mg/dL

						
					

					
							
							Baseline Mean SD

						
							
							315±21.4

						
							
							305±18.1

						
							
					

					
							
							Week 24 Mean SD

						
							
							180±18.6

						
							
							263±19.3

						
							
					

					
							
							p Value

						
							
							0.001

						
							
							0.019

						
							
							0.001

						
					

				
			

			The percentage of patients achieving a therapeutic glycemic response HbA1c <7%) was numerically greater with HCQ group versus placebo group (60% [12/20] vs. 21% [4/19]). The difference (95% CI) in the proportions of patients achieving HbA1c<7% in HCQ group versus placebo was statistically significant (P = 0.001). Few patients in either group discontinued the study because of lack of glycemic control at week 4 (Placebo group, n=1).

			There were statistically reductions in mean body weight (LOCF) in HCQ group where there was a weight increase in placebo group. Mean change in body weight (95% CI) at week 24 was -6.12±1.1kg for the HCQ group and +0.9±0.4 kg for the placebo group.

			Discussion

			In the study reported here, HCQ 400mg OD in combination with metformin and glimepiride for 24 weeks significantly reduced HbA1c in patients with type 2 diabetes with inadequate glycemic control. Reduction in FPG, PPG and HbA1c was observed relative to corresponding baseline values in both the groups. In the United States, only 52% of adults with diagnosed diabetes have HbA1c <7.0% [5]. Thus there is a need for new therapeutic approaches that get more patients to their individual glycemic goal without increased risk of hypoglycemia or weight gain. The proportions of patients achieving HbA1c <7% were numerically greater for the HCQ group compared with the placebo group and consistent with previous short-term studies [7] of HCQ added to existing oral anti-hyperglycemic therapy.

			In patients with type 2 diabetes, hypoglycemia is associated with increased morbidity and mortality [8], whereas body weight reduction is associated with improved glycemic control and a reduction in cardiovascular risk factors [9,10]. Thus hypoglycemic potential and effects on body weight are important attributes to be considered when choosing a drug as an add-on to existing therapy, as highlighted in clinical treatment guidelines. In this trial, HCQ were associated with low rate of hypoglycemia when used with metformin and sulfonylurea and it significantly reduce the body weight along with tight glycemic control.

			Conclusion

			Patients with inadequately controlled type 2 diabetes mellitus, hydroxychloroquine provided clinically meaningful improvements in glycemic control without weight gain or increased risk of hypoglycemia.
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