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INTRODUCTION 

Type 2 diabetes is characterized by an impaired sensitivity 

of target tissues to insulin and impaired insulin secretion 

by pancreatic β cells, which leads to hyperglycemia and, 

over time, to micro vascular and macro vascular 

complications.1,2 Results of the U.K. Prospective Diabetes 

Study (UKPDS) have shown that improvement of 

glycemic control reduces these complications and that 

progressive β cell failure usually leads to the need for 

combination therapy to maintain glycemic control.3 The 

UKPDS demonstrated that even insulin treated patients 

were unable to sustain adequate glycemic control. Due to 

the progressive nature of type 2 diabetes, many patients do 

not achieve or maintain glycaemic control on oral anti 

hyperglycaemic agents or insulin monotherapy.4 Insulin 

therapy in combination with oral anti hyperglycaemic 
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Background: The trial was done to evaluate the efficacy and tolerability of 

hydroxychloroquine when added to stable insulin therapy in combination with 

metformin and glimepiride in patients with type 2 diabetes (T2DM) compare to 

sitagliptin. 

Methods: After two weeks run in period, eligible patients inadequately controlled 

on long acting, intermediate acting or premixed insulin (HbA1c ≥7.5% and 

≤10%), in combination with metformin and glimepiride were randomised 1:1 to 

the addition of once daily hydroxychloroquine 400mg or sitagliptin 100mg over 

24weeks study period. The primary endpoint was HbA1c change from baseline 

at week 24. Home based glucometer was used to determine finger stick glucose 

value to detect hypo or hyperglycemia periodically. 
Results: At 24 weeks, the addition of hydroxychloroquine significantly (p 

<0.001) reduced HbA1c by 1.3% compared with Sitagliptin which was 0.9%. A 

greater proportion of patients achieved an HbA1c level <7% while randomised to 

Hydroxychloroquine as compared with sitagliptin (31 vs. 18% respectively; p 

<0.001). The addition of hydroxychloroquine significantly (p<0.001) reduced 

fasting plasma glucose by 31.0mg/dl (vs 23.2mg/dl with sitagliptin) and post 

prandial plasma glucose by 52.1mg/dl (vs 41mg/dl with sitagliptin) relative to 

sitagliptin. The difference in mean value of total daily insulin dose showed a 

highly significant decrease (P <0.0001) from baseline to end of the treatment with 

hydroxychloroquine i.e. from 41±10.2 to 31.87±16.49 IU as compare to 

sitagliptin i.e. from 41±10.6 to 37.91±11.71 IU. And also highly significant (P 

<0.0001) decrease in mean weight was observed at the end of trial with 
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diabetes is poorly controlled with stable-dose insulin therapy with metformin and 

glimepiride. 
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agents is effective, but over time many patients still fail to 

reach currently recommended HbA1c treatment goals.5,6 

Sitagliptin is a potent and selective inhibitor of dipeptidyl 

peptidase-IV (DPP-4) that improves glycaemic control in 

patients with type 2 diabetes, primarily by enhancing 

pancreatic islet function. Thus, sitagliptin has been shown 

both to increase beta cell responsiveness to glucose and to 

suppress the inappropriate glucagon secretion seen in 

patients with type 2 diabetes. Sitagliptin is effective as 

monotherapy, as initial combination therapy with 

metformin, and as add-on therapy to oral anti 

hyperglycaemic agents.7 

Hydroxychloroquine is a potent antidiabetic drug which 

blocks the insulin degrading enzyme (IDE) by altering cell 

pH and therefore increase the insulin half-life. Drug 

Controller General of India (DCGI) has already approved 

Hydroxychloroquine 400 mg to be used as ad on treatment 

in uncontrolled T2DM patients who are on sulphonyl urea 

and metformin. Hydroxychloroquine is effective as an add 

on to sulfonylurea and metformin and evaluated against 

newer agents like pioglitazone, teneligliptin, vildagliptin 

and sitagliptin.8-11 All the trials till now conducted with 

hydroxychloroquine 400mg has confirmed its superior 

potency of HbA1c reduction in uncontrolled T2DM 

patients. Even addition of hydroxychloroquine 400mg can 

reduce the daily insulin dosage almost by 28%, which has 

demonstrated in recent clinical trial conducted in India by 

Baidya A et al.12  

The complementary effects of hydroxychloroquine and 

insulin on fasting and postprandial glucose control provide 

a rational basis for these agents to be used together. Even 

DPP4i like sitagliptin has already demonstrated its potent 

efficacy and safety when added to insulin therapy in 

patients with type 2 diabetes.13 Thus, the present study 

compare the efficacy and safety of hydroxychloroquine vs. 

sitagliptin when added to insulin along with other oral 

therapy (metformin + glimepiride) in patients with 

uncontrolled type 2 diabetes. 

METHODS 

The protocol was reviewed and approved by the 

appropriate committees and authorities and performed in 

accordance with the Declaration of Helsinki. Patient’s 

provided written informed consent to participate. 

This multicentre, randomised, open label, parallel-group 

observational study was performed at multiple private 

clinical sites and Medical College OPD across Patna city, 

Bihar, India. This study will screen type 2 diabetes mellitus 

patients aged between ≥18 years and ≤65 years with body 

weight ≥60kg and serum Cr <1.5mg/dL who are receiving 

at least 2000mg/day of metformin and 2mg/day 

glimepiride with stable insulin dose and following routine 

diet and exercise regime for at least 12weeks. At baseline, 

mean daily doses of the long acting or intermediate acting 

insulin’s were 43IU for both groups and the mean daily 

doses of the premixed insulin preparations were 40 and 

39IU for the Hydroxychloroquine and sitagliptin groups, 

respectively. Eligible patients continued their current 

insulin + metformin+ sulfonyl urea regimen and entered a 

2-week run in period. Following this 2-week period, 

eligible patients had baseline measurements and then were 

randomised (1:1) using a random manual allocation 

schedule to treatment with hydroxychloroquine 400mg 

OD or sitagliptin 100mg OD for 24weeks. 

During the study, patients not achieving progressively 

stricter glycaemic goals met criteria for rescue therapy that 

included an adjustment to their insulin dose, based on the 

clinical judgment of the investigator. Specifically, the 

glycaemic rescue criteria were FPG >280mg/dl after 

randomisation (day 1) through week 12 and FPG 

>240mg/dl after week 12 through week 24. Patients 

showing increase in their baseline HbA1c by 1% was 

considered as treatment failures and excluded from the 

study. These patients were treated appropriately by the 

investigator. These patients were included in the statistical 

analysis. 

Patients with a history of any retinopathy of any grade 

including diabetic retinopathy, evidence of an imminent 

need for retinal laser therapy, uncorrected visual acuity 

<20/100, abnormal visual fields, difficulty to examine 

optic disc, or evidence of retinal pigment epithelial 

abnormalities and patients with history or risk of macular 

edema were excluded from the study.  

Primary objective of the study is to evaluate and compare 

mean change in glycated hemoglobin (HbA1c) levels at 

week 24 from baseline between and within treatment 

groups. Secondary objective to compare the percentage of 

patients achieving HbA1c level of <7.0% between 

treatment groups at the end of week 24 and to evaluate and 

compare mean change in the Fasting plasma glucose 

(FPG) and 2-hr postprandial plasma glucose (PPG), Body 

weight and Serum creatinine. 

RESULTS 

Of the 1260 insulin treated patients screened, a total of 681 

were randomised to either once daily hydroxychloroquine 

(n = 338) or sitagliptin (n = 343) (Figure 1). Baseline 

characteristics and demographics of the randomised 

patients were similar between groups (Table 1). After 

randomisation, 600 patients completed the 24-week study, 

with similar proportions of patients discontinuing the study 

in each group (Figure 1). 

At baseline, in hydroxychloroquine group all patients had 

a mean HbA1c of 8.6%, 66% of patients had an HbA1c 

<9.0%, and the mean FPG was 179.1±59.6mg/dl and PPP 

was 292.1±66.4. Overall, the mean duration of diabetes 

was 12.5 years, 64% of the subjects were on long acting or 

intermediate acting insulin therapy and 36% on premixed 

insulin preparations. 
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Table 1: Baseline characteristics of the randomised population. 

Characteristic 
Hydroxychloroquine 400mg + insulin 

+ Met + Glime (n = 300) 

Sitagliptin 100mg + insulin + Met 

+ Glime (n = 300) 

Age, years 58.3±9.1 57.2±9.3 

Sex, n (%), male 164 (55%) 158 (53%) 

Body weight (kg) 67.8±4.2 67.6±4.1 

Body mass index (kg/m2) 26.6±3.6 27.1±3.4 

Duration of diabetes (years) 12.5±4.2 12.8±3.9 

Serum Cr (mg/dl) 0.93±0.19 0.93±0.17 

HbA1c% 8.6±0.5 8.7±0.5 

HbA1c distribution at baseline, n (%) 

HbA1c <8% 56 (19%) 57 (19%) 

HbA1c ≥8 to <9% 142 (47%) 154 (51%) 

HbA1c ≥9% 102 (34%) 89 (30%) 

FPG, mg/dl 179.1±59.6 175.8±51.6 

PPG, mg/dl  292.1±66.4 290.9±68.0 

Type of insulin, n (%) 

All patients 300 (100%) 300 (100%) 

Total daily dose (IU/day) 41±10.2 41±10.6 

Premixed 107 (36%) 104 (35%) 

Total daily dose, IU/day 40.0±11.7 39.6±11.2 

Long-acting or 

intermediate-acting 
193 (64%) 196 (65%) 

Total daily dose, IU/day 43.2±29.9 43.5±25.7 

Table 2: Change in glycemic and other parameters from baseline at week 24. 

Characteristic 

Hydroxychloroquine 400mg 

+ insulin + Met + Glime, (n = 300) 

Sitagliptin 100mg 

+ insulin + Met + Glime, (n = 300) 

Baseline 24 weeks P value Baseline 24 weeks P value 

Body weight (kg) 67.8±4.2 66.6±4.3  <0.0001 67.6±4.1 67.5±3.4 NS 

Serum Cr (mg/dl)             

HbA1c% 8.6±0.5 7.3±0.5  <0.001 8.7±0.5 7.8±0.5 <0.001 

FPG, mg/dl 159.1±21.6 128.1±16.1 <0.001 159.8±24.6 136.6±17.4 <0.001 

PPG, mg/dl  282.2±32.4 230.1±22.2 <0.001 282.9±31.9 241.9±21.7 <0.001 

Total daily dose (IU/day) 41±10.2 31.87±16.49   <0.0001 41±10.6 37.91±11.71   <0.0001 

At baseline, in sitagliptin group all patients had a mean 

HbA1c of 8.7%, 70% of patients had an HbA1c <9.0%, and 

the mean FPG was 179.1±59.6mg/dl and PPP was 

292.1±66.4. Overall, the mean duration of diabetes was 

12.5 years, 65% of the subjects were on long acting or 

intermediate acting insulin therapy and 35% on premixed 

insulin preparations. 

Patients randomised in this trial were on long acting, 

intermediate acting or premixed insulin therapy in 

combination with metformin and glimepiride. Overall, the 

at 24 weeks, the addition of Hydroxychloroquine 

significantly (p <0.001) reduced HbA1c by 1.3% compared 

with Sitagliptin which was 0.9%. A greater proportion of 

patients achieved an HbA1c level <7% while randomised 

to Hydroxychloroquine as compared with Sitagliptin (31 

vs. 18% respectively; p <0.001). The addition of 

Hydroxychloroquine significantly (p <0.001) reduced 

fasting plasma glucose by 31.0 mg/dl and post prandial 

plasma glucose by 52.1 mg/dl relative to sitagliptin where 

fasting plasma glucose reduced by 23.2 mg/dl and post 

prandial plasma glucose reduced by 41 mg/dl (Table 2). 

HbA1c treatment response was similar in patients treated 

with long acting or intermediate acting insulin therapies 

compared to those treated with premixed insulin therapy. 

The total number of hypoglycaemic episodes was 145 in 

the hydroxychloroquine group and 93 in the sitagliptin 

group. The incidence of hypoglycaemia was also higher in 

patients on premixed insulin compared with long or 

intermediate acting insulin’s in both hydroxychloroquine 

and sitagliptin treatment groups. Of the 145 total episodes 

of hypoglycaemia in the hydroxychloroquine group, 139 
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had a concurrent finger stick glucose value, of which 133 

were ≤70mg/dl, 71 were ≤60mg/dl and 32 were ≤50mg/dl. 

Of the 93 total episodes of hypoglycaemia in the sitagliptin 

group, 87 had a concurrent finger stick glucose value, of 

which 86 were ≤70mg/dl, 46 were ≤60mg/dl and 28 were 

≤50mg/dl. As expected, the patients who experienced at 

least one hypoglycemia episode had both lower HbA1c and 

FPG values at baseline regardless of treatment. 

 

Figure 1: Patient disposition. 

 

Figure 2: Proportion of patients achieved an HbA1c 

level <7% with hydroxychloroquine. 

A greater proportion of patients achieved an HbA1c level 

<7% while randomised to hydroxychloroquine (Figure 2) 

as compared with sitagliptin (Figure 3) (31 vs. 18% 

respectively; p <0.001). 

At 24th week eye scanning was done. Eye check-up done to 

evaluate corrective lenses, it has been found that in all 

patients (n=600) pupils are equal and reactive to light and 

accommodation, Fundi-clear, no arteriolovenous nicking, 

no retinopathy. 

 

Figure 3: Proportion of patients achieved an HbA1c 

level <7% with sitagliptin. 

DISCUSSION 

Tight glucose control is difficult to establish. If long-acting 

insulin or a twice daily injection of intermediate acting 

insulin is not adequate to control blood sugar levels, a more 

intensive insulin treatment regimen may be recommended. 

By increasing the dose of insulin, there is a risk of 

hypoglycemia, rapid heart rate, seizures and also weight 

gain. 

This study assessed the efficacy and tolerability of 

hydroxychloroquine in patients with type 2 diabetes who 

were on a stable dose of insulin therapy with metformin 

and glimepiride. The addition of hydroxychloroquine to 

ongoing insulin therapy provided significant reductions in 

HbA1c, FPG and PPG compared with sitagliptin after 24 

weeks, demonstrating that hydroxychloroquine improves 

fasting and postprandial glycaemic control in combination 

with insulin therapy. Hydroxychloroquine, when added to 

insulin therapy, enabled more patients to achieve 

theHbA1c target <7. 

In the present study, a higher proportion of patients 

experienced symptomatic hypoglycaemia with the addition 

of hydroxychloroquine to ongoing insulin therapy. 

However, none of the hypoglycemia need severe medical 

assistance in both the groups. In contrast incidence of 

hypoglycemia was remarkably lower when compared to 

pioglitazone in patients uncontrolled on highest dose of 

metformin and sulfonylurea. Even in earlier studies, no 

severe hypoglycemia was reported when the 

hydroxychloroquine 400 mg was compared with DPP4i as 

oral therapy. In a trial done by Baidya A et al, demonstrated 

that addition of hydroxychloroquine 400 mg when added 

to ongoing insulin therapy has the potentiality to reduce the 

total daily insulin dose by 28%.  

It is quite obvious that few patients will not respond to the 

drug, even in this trial it has been seen that 5 patient in 

<7 % 
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≥ 7 % 
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Hydroxychloroquine and 10 patients on sitagliptin has not 

responded initially who were excluded from the trial. 

The deterioration of metabolic control leading to 

therapeutic failure is a common problem in patients with 

NIDDM, and is well known from previous studies.14,15 

Hence, the most important finding in our study is the rapid 

deterioration of glycaemic control that we observed in our 

hydroxychloroquine treated patients as compare to 

sitagliptin. This suggests that with Hydroxychloroquine 

hyperglycaemia is not a stable condition, but progressively 

increases in nearly all these patients, demanding close 

monitoring and aggressive treatment if near 

normoglycaemia is the therapeutic goal. Long-term data 

from major studies like UK Prospective Diabetes Study has 

already established the importance of tight and early 

glucose control to prevent complications of diabetes.16 All 

the patients had known NIDDM for several years prior to 

inclusion and had at least partly preserved beta-cell 

function. The mean duration of diabetes at inclusion in this 

population was 12.6 years (Mean±SD), but it is known that 

many patients with NIDDM have had their disease for 

several years before diagnosis.17 It is therefore likely that a 

majority of patients in present study had the disease for 15 

years or more at inclusion. In contrast to the finding in the 

UKPDS, our insulin-treated patients had a stable HbA1c 

throughout the study period in both the groups. This may 

be due to the small scale of present study with close follow-

up of the patients and the use of intermediate-acting and 

regular insulin to best match the needs of the individual 

patient. 

The study protocol did not allow changes to the doses of 

oral antidiabetic drugs (i.e. Metformin, glimepiride, 

Hydroxychloroquine and Sitagliptin) that were already 

being used, but the dose of insulin could be titrated. As a 

result, Hydroxychloroquine therapy resulted in a 

significant decrease of the insulin dose, which provided a 

new insight into the effects of concomitant therapy with a 

Hydroxychloroquine. In hydroxychloroquine group there 

was almost 22% reduction in total daily Insulin dose over 

6 months period as compare to sitagliptin group where the 

reduction in total daily Insulin dose was only 7.5%.  

Most patients with type 2 diabetes are obese and an 

undesired side effect of certain antihyperglycaemic agents 

is increased body weight.18 Weight gain is typically 

observed with insulin therapy, reflective of improved 

glycaemic control.19 In the present study, highly significant 

(P <0.0001) decrease in mean weight was observed from 

baseline i.e. 67.8±4.2 to 66.6±4.3 Kg at the end of trial with 

hydroxychloroquine, whereas body weight almost remains 

unchanged in sitagliptin group.  

Several limitations of our trial are worth noting. First, the 

study design allowed adjustments of insulin dose (for 

ethical reasons), which could have made interpretation 

difficult. Second, the therapeutic approach represented by 

the current study may be considered uncommon. Third, 

there was no placebo comparator, forth study population 

was small. Because of the observational and retrospective 

design of the study, the possibility of selection bias cannot 

be ruled out. Information related to diet and lifestyle 

modification and information regarding dosing pattern of 

concomitant medication was not analysed. Data were 

collected only for a duration of 6 months, so there are 

limitations in commenting on durability of the treatment. 

Long-term studies to address the shortcomings of the 

present study are warranted.  

CONCLUSION 

Hydroxychloroquine decreases HbA1c in patients whose 

type 2 diabetes is poorly controlled with stable-dose insulin 

therapy with metformin and glimepiride. Combination 

therapy of Hydroxychloroquine and insulin was superior in 

HbA1c reduction to DPP-4 inhibitors on insulin. On long 

term Hydroxychloroquine helps to reduce the dose of 

Insulin. This study showed that hydroxychloroquine 400 

mg can be an effective alternative to DPP-4 inhibitor like 

sitagliptin for add on therapy to the patients who are poorly 

controlled with stable-dose insulin therapy with metformin 

and glimepiride. 
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