
Introduction 

The incidence of diabetes has increased by multiple folds 
over the past 40 years in India. Over this time, rapid 
socioeconomic development and demographic changes, 
along with increased susceptibility for Indian individuals, 
have led to the explosive increase in the prevalence of 
diabetes mellitus in India.1 The prevalence of diabetes is 
predicted to double globally from 171 million in 2000 to 
366 million in 2030 with a maximum increase in India.

The management of type 2 diabetes mellitus (T2DM) 
involves lifestyle measures (diet and exercise), oral 

antidiabetic drugs, and eventually, the use of insulin. 
Metformin and sulfonylureas (SU) are the most commonly 
used oral antidiabetic agents. However, SU have a 
greater tendency to cause hypoglycaemia and weight 
gain and hence, many patients will eventually need to 
be shifted to another class of oral antidiabetic agents 
or insulin therapy.2 In type 2 diabetic patients, the main 
pathophysiologic mechanisms of hyperglycaemia involve 
insulin resistance, impaired insulin secretion and increased 
hepatic glucose output. Type 2 diabetes is a progressive 
disease characterized by insulin resistance and diminished 
insulin secretion.3 Neither sulfonylureas nor metformin 
are able to preserve ß-cell function, and many patients 
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Abstract

Objectives. Hydroxychloroquine (HCQ) 400 mg is approved by the Drug Controller General of India (DCGI) and 
recommended by the Research Society for the Study of Diabetes in India (RSSDI) clinical practice recommendations 2017 
as add-on therapy after metformin and sulfonylurea in Type 2 Diabetes (T2DM) patients. The aim of this observational 
study is to compare the efficacy and safety of hydroxychloroquine 400 mg and teneligliptin 20 mg when used as add-on 
therapy in Indian Type 2 DM patients who were inadequately controlled (HbA1c ≥7.5%) with metformin 1000 mg and 
glimepiride 2 mg combination.

Methodology. This study is a prospective observational study to be conducted in 2 diabetic centres of Patna city between 
October 2017 and May 2018 involving 180 patients followed up for 6 months. One group (N=90) of patients received 
hydroxychloroquine 400 mg + metformin 1000 mg + glimepiride 2 mg, the other group (N=90) received teneligliptin 20 
mg + metformin 1000 mg + glimepiride 2 mg. Efficacy was assessed by fasting blood glucose (FBG), post prandial blood 
glucose (PPBG) and glycated haemoglobin (HbA1c) reduction. Safety was evaluated by the number of hypoglycaemic 
events and changes in serum creatinine levels. Home based glucose monitoring was used to detect the hypoglycaemic 
events. Patients who had any type of retinopathy/maculopathy were excluded.

Results. Mean age of entire population was 66±8 years with mean 6±2 years of DM with 102 males. Mean body weight 
was 71±12 kg. Baseline HbA1c was 8.1±0.3 in the hydroxychloroquine group and 8.2±0.2 in the teneligliptin group. 

At 24 weeks there were statistically significant reductions in mean HbA1c in the hydroxychloroquine group (1.1±0.3) as 
compared to the teneligliptin group (0.82±0.3) (P≤0.001). The mean FBG and PPBG was 169±18 mg/dl and 232±18 
mg/dl respectively in hydroxychloroquine group which was reduced to 121±15 mg/dl and 161±19 mg/dl at the end of 
24 weeks. In the teneligliptin group, FBG and PPBG was 171±16 mg/dl and 239±21 mg/dl at baseline, which was 
reduced to 121±15 mg/dl and 161±19 mg/dl respectively in same period of time (P≤0.005). There were 4 incidences 
of hypoglycaemic events in the hydroxychloroquine group (4.4%) and 6 in the teneligliptin group (6.67%). No patients 
required medical assistance for hypoglycaemic events. There was no statistically significant change in body weight in 
both the groups. No marked changes in creatinine levels were found in patients in both the groups.

Conclusion. In conclusion, treatment with hydroxychloroquine 400 mg for 24 weeks reduces glycaemic parameters more 
aggressively than teneligliptin 20 mg in Indian type 2 diabetes patients.
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with type 2 diabetes fail to reach target [glycosylated 
hemoglobin (HbA1c) <7.0%], despite combined metformin/
sulfonylurea therapy.4-7 Hence, many patients with type 2 
diabetes will eventually require insulin therapy.

Dipeptidyl peptidase-4 (DPP-4) inhibitors, which act in a 
blood glucose-dependent manner, carries a low risk of 
hypoglycaemia.8 In Japan, DPP-4 inhibitors, including 
teneligliptin (TNL), are the most commonly prescribed 
antidiabetic drugs,9 and are suitable for both elderly 
and dialysis patients.10 In addition, DPP-4 inhibitors are 
weight neutral.11-13

Hydroxychloroquine (HCQ), a long-standing safe and 
inexpensive treatment for autoimmune disorders, may 
theoretically improve glucose tolerance and prevent 
diabetes. Hydroxychloroquine has a novel mechanism of 
action, i.e., post receptor inhibition of insulin degradation 
for reducing blood glucose levels. Reduction in FBG, 
PPG and HbA1C (0.87-3.3%) is established in various 
settings.14-18 Hydroxychloroquine 400 mg is approved 
by DCGI (Drug Controller General of India) and 
recommended by RSSDI (Research Society for the Study 
of Diabetes in India) clinical practice recommendations 
2017 as add-on therapy after metformin and sulfonylurea 
in T2DM patients.

This 24-week open-label, randomized, parallel-group 
study is to compare the efficacy and safety of 
hydroxychloroquine 400 mg and teneligliptin 20 mg when 
used as add-on therapy in Indian Type 2 DM patients 
who were inadequately controlled (HbA1c ≥7.5%) with 
metformin 1000 mg and Glimepiride 2 mg combination.

Methodology 

This study is a prospective observational study to be 
conducted in 2 diabetic centres of Patna city in between 
October 2017 to May 2018 among 180 patients with a 
6 month follow up period.

A sample size of 180 subjects, 90 in each arm, is sufficient 
to detect a clinically important difference of 0.5 between 
groups in reducing glycaemic level assuming a standard 
deviation of 1.195 using a two-tailed t-test of difference 
between means, with 80% power and a 5% level 
of significance. 

Inclusion criteria were (1) weight ≥60 kg,2 haemoglobin A1c 
≥7.5%,3 treatment with metformin 1000 mg and glimepiride 
2 mg for at least 2 weeks prior to the study. Exclusion 
criteria were1 type 1 diabetes,2 severe complications of 
diabetes, micro or macrovascular, any type of retinopathy/ 
maculopathy,3 severe renal and liver dysfunction,4 
severe infections,5 pregnant or nursing women and those 
who might be pregnant,6 alcoholism, and7 any patients 
whom the investigators judged to be inappropriate for 
this study. 

Initially, 240 patients were assessed for eligibility, among 
which 180 patients were selected and continued. There was 
a 2 weeks run-in period of strict diet control and treatment 
with metformin 1000 mg and glimepiride 2 mg. All 
patients were then randomly allotted into two groups. One 
group (N=90) of patients received hydroxychloroquine 400 

mg + metformin 1000 mg + glimepiride 2 mg, other group 
(N=90) received teneligliptin 20 mg + metformin 1000 mg 
+ glimepiride 2 mg. Efficacy was assessed by FBG, PPBG 
and HbA1c reduction and safety was evaluated by number 
of hypoglycaemic events and changes in serum creatinine 
levels. A blood sugar level below 70 mg/dl is considered 
as hypoglycaemia and a blood sugar level below 54 mg/dl 
is considered as sever hypoglycaemia. Home based blood 
glucose monitoring was used to detect the hypoglycaemic 
events. Patients who had any type of retinopathy/
maculopathy were excluded.

We performed the current study in accordance with the 
declaration of Helsinki and the study was carried out after 
an approval from the ethical committee of the hospital. All 
subjects were given an explanation of the details of this 
clinical study and provided written informed consent. 

Statistical analysis

The sample size was determined by assuming that add-
on treatment drug would improve HbA1c by at least 
0.5%, based on a previous study which assessed efficacy 
of hydroxychloroquine 400 mg and teneligliptin 20 mg in 
patients with T2DM .16 It was statistically determined that 
90 patients in each group (in account of the potential loss 
of subjects) were needed to detect a significant difference 
with at least a power of 80% and statistical significance 
of 5%. Data was arranged in MS Excel. Student’s t test 
was used to compare difference in mean values between 
the two groups. Chi-square test was used for categorical 
variables. Paired t-test has been used for within group 
analysis. For every outcome variable, results are presented 
as mean±SD (Standard Deviation), p value <0.05 was 
considered statistically significant. STATA 12.0 (STATA 
Corp, Houston, TX, USA) statistical software has been 
used for data analysis.

RESULTS 

The mean age of the patients was 66±9 and 66±7 years 
respectively, with mean duration of diabetes of 6±2 
years in the HCQ group and mean of 6±3 years in the 
teneligliptin group. Mean body weight was 70±8 kg and 
70±8 kg respectively in HCQ and teneligliptin group. 
Baseline HbA1c was 8.1±0.3 in the hydroxychloroquine 
group and 8.2±0.2 in the teneligliptin group. The patient’s 
baseline characteristics was almost similar in both the 
groups (Table 1).

At 24 weeks there were statistically significant reduction 
in mean HbA1c in the hydroxychloroquine group 
(1.1±0.3) as compared to the teneligliptin group (0.82±0.3) 
(P≤0.001) (Table 1 and Figure 1). The mean FBG and PPBG 
was 169±18 mg/dl and 232±18 mg/dl respectively in the 
hydroxychloroquine group which was reduced to 121±15 
mg/dl and 161±19 mg/dl at the end of 24 weeks. In the 
teneligliptin group, FBG and PPBG was 171±16 mg/dl 
and 239±21 mg/dl which reduced to 121±15 mg/dl and 
161±19 mg/dl respectively in same period of time (p≤0.005) 
(Table 2). Comparisons of change in baseline to 24 weeks 
between hydroxychloroquine and teneligliptin groups 
was also statistically significant (≤0.001), which indicates 
the superiority of hydroxychloroquine in reducing 
glycaemic parameters. 
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There was no statistically significant change in body 
weight of both the groups (Table 2). No marked changes 
in creatinine levels were found in patients in both the 
groups (Table 3).

There were no meaningful differences between groups 
in incidences of overall clinical adverse experiences or 
of those assessed as serious, drug-related, or leading to 
discontinuation. There were 4 incidences of hypoglycaemic 
events in the hydroxychloroquine group (4.4%) and 6 
in the teneligliptin group (6.67%). No patients required 
medical assistance for hypoglycaemic events. There was 
no statistically significant change in body weight of both 
the group. No marked changes in creatinine levels were 
found in patients in both the groups.

In has been noted that in HCQ treated group there was 
a significant number of patients who achieved target 
glycaemic control (≤6.5%). Forty eight percent of patients 
have achieved HbA1c ≤6.5% in the HCQ treated group, 
compared to 29% with the teneligliptin treated group. 

Discussion 

Type 2 diabetes is a major risk factor for developing 
both microvascular and macrovascular complications.19 
Systemic inflammation is reported to be a strong predictor 
of atherosclerosis.20 The primary goal of treatment is 
to target glycaemic control by maintaining the HbA1c 
level near 6–7% in order to decrease the incidence of 
microvascular and macrovascular complications without 
predisposing patients to hypoglycaemia.21 If diabetes 
remains uncontrolled with first-line therapy, medications 
including insulin, SU, thiazolidinediones (TZDs), gliptins, 
GLP-1 analogs or gliflozins may be employed.22 The use of 
these traditional agents may be limited, however, because 
of several factors. Biguanides and TZDs improve insulin 
resistance, but do not address the progressive decline 
in beta-cell function. SUs can lose their effectiveness 
over time, while TZDs increase the risk of fracture 
and cardiac failure. Hence, new treatment options are 
sought. Hydroxychloroquine has been shown to reduce 
inflammatory markers in diabetes mellitus.23, 24

This study was performed to provide an assessment of the 
efficacy and tolerability of hydroxychloroquine at doses of 
400 mg once daily as add on therapy in patients with type 
2 diabetes with inadequate glycaemic control on metformin 
and sulfonylurea. Treatment with hydroxychloroquine 
provided clinically meaningful reductions in A1C, FBG, 
and PPBG compared with teneligliptin. 

Overall assessment of safety demonstrated that both 
hydroxychloroquine and teneligliptin were well 
tolerated in this observational real-world efficacy and 
safety assessment study. No meaningful differences 
were found in the adverse experience profiles between 
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Figure 1. Change in HbA1c in two groups.
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Table 1. Patient characteristics at the beginning of the study
Characteristic HCQ group (N=90) Teneligliptin group (N=90) p value
Age (years) 66±9 66±7 0.827
Weight (kg) 70±8 72±13 0.253
Gender (male/female) 54/36 47/43 0.531
Duration of diabetes (Years) 6±2 6±3 0.741
Family history of diabetes 69 (77%) 72 (80%) 0.983
HbA1c (%) 8.1±0.3 8.2±0.2 0.137
Fasting blood glucose (mg/dl) 169±18 171±16 0.213
Post Prandial Blood Glucose 232±18 239±21 0.134
Creatinine (mg/dl) 0.85±0.2 0.88±0.1 0.549
Presence of comorbidities
Hypertension 74 (82%) 76 (84%)

0.437
Dyslipidemia 64 (71%) 61 (68%)

Table 3. Changes in variables to access safety and tolerability in the two groups after 3 months
Parameters

HCQ Group (N=90) Teneli Group (N= 90)
p value

Baseline 24 weeks ∆ Change p value Baseline 24 weeks ∆ Change p value
Weight (kg) 70±8 69±6 1±3 0.983 72±13 72±10 0±6 0.961 0.681

Sr. Cr (mg/dl) 0.85±0.2 0.84±0.2 0.01±0.02 0.934 0.88±0.1 0.89±0.1 +0.01±0.01 0.729 0.927

Table 2. Changes in variables in the two groups after 6 months
Parameters

HCQ Group (N=90) Teneligliptin group (N= 90)
p value

Baseline 24 Week ∆ Change p value Baseline 24 Week ∆ Change p value
FBG (mg/dl) 169±18 121±15 -48±17 <0.001 171±16 121±15 -50±15 <0.005 <0.001

PPBG (mg/dl) 232±18 161±19 -71±18 <0.001 239±21 161±19 -78±20 <0.005 <0.001
HbA1c (%) 8.1±0.3 7±0.3 -1.1±0.3 <0.001 8.2±0.2 7.38±0.3 -0.82±0.3 <0.001 <0.001



hydroxychloroquine and teneligliptin treatments. 
There was a very low incidence of hypoglycaemia with 
hydroxychloroquine that was similar to teneligliptin. 
Slightly higher, but not statistically significant, incidences 
of gastritis, constipation, and diarrhea were reported with 
hydroxychloroquine, but these events were generally mild 
or moderate, self-limited, and not temporally related to 
initiation of study medication. There were two cases of 
mild pigmentation with hydroxychloroquine therapy, but 
both patients have continued HCQ. 

Pioglitazone and metformin are anti-diabetic drugs, and 
both are specifically reported to effectively improve insulin 
resistance.25 Insulin resistance is also associated with 
the progression of atherosclerotic disease in a study of a 
Japanese population.26 Pioglitazone has anti-atherogenic 
effects27 by increasing adiponectin, which is derived from 
adipose tissue.28 In a similar way, hydroxychloroquine 
has also demonstrated its effect on increasing adiponectin 
levels, and this possibly mediates the favourable effects 
on glucose metabolism.29 The role of adiposity on the 
regulation of the inflammatory response is well known. 
Adipose tissue itself is a source of CRP and is also a major 
producer of interleukin-6, which is a key stimulator of CRP 
secretion. In obesity and type 2 diabetes, adipose tissue 
contains an increased number of resident macrophages 
and T cells, which interact closely with adipocytes to 
modulate the inflammatory response.30 In this study, 
the mechanism underlying these anti-inflammatory 
effects has been attributed to the improvement of insulin 
resistance and favourable effect on glycaemic parameters 
were observed with hydroxychloroquine 400 mg.

Teneligliptin and hydroxychloroquine are two anti-
diabetic drugs which were recently approved by DCGI 
(Drug Controller General of India) to treat type 2 diabetes. 
Both teneligliptin and hydroxychloroquine are available 
in India at economical prices which can be afforded 
by a patient who are financially unstable or belong to 
the middle-class. 

The main rationale to conduct this study is to evaluate 
the efficacy and safety of two newly approved drugs 
among Indian type 2 diabetes patients. The result clearly 
demonstrates that hydroxychloroquine can offer tighter 
glycaemic control than teneligliptin in a real world set up. 

Limitations

The present study has certain limitations, including the 
short duration of treatment and also small sample size. 
Prospective multicentre clinical trials with longer follow-
up of subjects are warranted to confirm the results of the 
present study and to investigate long-term therapeutic 
effects of hydroxychloroquine in preventing disease 
progression in Indian subjects with T2DM.

Conclusions

Both hydroxychloroquine and teneligliptin-based 
treatments resulted in significant and improvements 
in metabolic parameters for different baseline HbA1c 
levels. Hydroxychloroquine treatment exhibited greater 
effectiveness in decreasing FBG, PPBG and HbA1c 
than teneligliptin in a real world setting. In conclusion, 

treatment with HCQ 400 mg OD for 24 weeks led to 
statistically significantly greater lowering of the HbA1c 
than teneligliptin 20 mg in this cohort of Indian Type 2 
diabetes patients, although the difference is modest.
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