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Abstract: The aim of the study was to evaluate the clinical safety and efficacy of hydroxychloroquine in subjects with were
poorly controlled type 2 diabetes mellitus (T2DM), despite treatment with insulin glargine and a combination of gliclazide and
metformin. 105 patients with type 2 DM, mean age 56.84 years and mean body mass index (BMI) 26.30 kg/m?, were enrolled
in this multicentre open label trial. They were given hydroxychloroquine 400 mg/day in addition to previous treatment with
insulin glargine (=30 units a day), gliclazide (80 mg a day) and metformin (1000 mg a day) for a period of six months.
Hydroxychloroquine 400 mg/day, when added to insulin glargine and the combination of gliclazide and metformin,
significantly decreased hemoglobin Alc (HbAlc) at six months from a mean of 8.154+0.24 to a mean of 6.69+0.42 (p<0.0001)
and fasting plasma glucose (FPG) at six months from a mean of 209.5 + 31.23 mg/dl to 115.14 &+ 36.94 mg/dl and post prandial
plasma glucose (PPG) from a mean of 338.22 + 31.76 mg/dl to 147.71 £22.47 mg/dl (p<0.0001). Hydroxychloroquine was
well tolerated throughout the study period. The mean dose of insulin glargine decreased during the study from 35.51 + 9.93
units per day to 20.00 £ 9.6 units/day at six months (p<0.0001). The frequency of insulin glargine injections decreased from a
mean of 2.15 + 0.22/day to 1.18 £ 0.85/day (p<0.0001). In 43 (41%) patients insulin glargine had to be totally stopped. In 13
(12%) patients the dose of gliclazide decreased to 40 mg. Hydroxychloroquine was found to improve glycemic control, when
given as a fourth drug (quadruple drug therapy) in addition to insulin and the combination of gliclazide and metformin in
patients with type 2 DM. In a significant number of patients, insulin therapy could be stopped, and in the rest the dose of
insulin and gliclazide could be reduced.
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1. Introduction

Diabetes mellitus is one of the leading causes of death and  prevalence of Type-II diabetes mellitus (T2DM) reported
disability worldwide [1]. India, the second most populous  2.1% and 1.5% prevalence in the urban and rural populations
country of the world, has been severely affected by the global  of India, respectively [3].
diabetes epidemic [2]. The first nationwide study on the Chronic hyperglycemia in patients with type 2 diabetes
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mellitus (DM) occurs because of resistance to the action of
insulin and decreasing insulin secretion. Patients with type
2 diabetes are often treated according to a stepped
progression, starting with a regimen of nutrition and
exercise, and progressing to sulphonylurea, metformin and
gliptins alone or in combination. These therapies are often
ineffective. The longer the diabetes has been present, the
more likely the patients are to require insulin to control
their hyperglycemia [4, 5]. Despite insulin treatment, often
in high doses, hyperglycemia in these patients is not well
controlled [4]. In UKPDS [5], glycemic control deteriorated
continuously, even in intensively treated patients with type
2 diabetes.

In order to reduce insulin dose in type 2 diabetes, various
studies have been carried out using combination therapies
with insulin and sulphonylureas [6, 7], insulin and metformin
[8, 9] and insulin in combination with sulphonylureas and
metformin [10-12]. The insulin sparing effect of the two
drugs, sulphonylurea and metformin, in addition to insulin
was 62%, i.e., 1.5- to 2.0-fold effect achieved by the
regimens combining either metformin alone or
sulphonylureas alone with insulin [10-14].

Hydroxychloroquine has recently approved by DCGI
(Drug Controller General of India) to treat type 2 diabetes as
add on treatment after metformin and sulfonylurea.
Hydroxychloroquine increases insulin availability by partial
deactivation of insulin degrading enzyme. Being an
acidotropic drug, hydroxychloroquine inhibits insulin
degrading enzyme by changing pH of cellular media and
therefore may partially increase intercellular insulin
availability. Separation of insulin from its receptor is a rate-
limiting step. However, HCQ prolongs this dissociation and
increases the half-life of insulin [15, 16]. 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. 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 [17]. It had also being observed in a real word
trial, that hydroxychloroquine decreases HbAlc in patients
whose type 2 diabetes is poorly controlled with stable-dose
insulin therapy with metformin and glimepiride [18]. Ranjan
P et. al [19], also confirm that, hydroxychloroquine decreases
HbAlc in patients whose type 2 diabetes is poorly controlled
with high doses of insulin as compare to Teneligliptin.
Addition of hydroxychloroquine to insulin therapy is also
associated with reduced incidence of confirmed and severe
hypoglycaemia.

The current trial was conducted to determine whether the
addition of hydroxychloroquine 400 mg, could improve the
glycemic control in patients with uncontrolled type 2 DM
despite therapy with insulin combined with gliclazide and
metformin.

2. Subjects and Method

The efficacy of hydroxychloroquine was assessed in a
multicentre, open label, prospective and observational trial.
Indian men and women aged 40-70 years, body mass index
(BMI) 22-35 kg/m’, with stable body weight and type 2 DM
for at least over one year, high hemoglobin Alc (HbAlc)
levels of >8% and fasting plasma glucose of > 180 mg/dl
were included. Patients who were poorly controlled despite
combination treatment with gliclazide (80 mg a day) and
metformin (1000 mg a day) along with twice a day basal
insulin glargine therapy (=30 units a day) for over three
months were eligible for recruitment. Patients with clinically
significant renal disease, New York Heart Association
(NYHA) class III/IV coronary insufficiency or congestive
heart failure, symptomatic diabetic neuropathy, diabetic
retinopathy/maculopathy, past or present hepatic disease,
ketonuria, active infections, and women of child bearing
potential were excluded. All subjects signed an informed
consent before participation in the study. The protocol was
approved by the institution ethics committee of individual
centres. The study was conducted in accordance with the
Declaration of Helsinki. Patients who met the inclusion
criteria were invited to participate in the study. In the
beginning, a complete history and physical examination were
carried out. A twelve lead electrocardiogram (ECG) was
recorded at baseline and after six months. Clinical chemistry
was performed on samples with strict quality control. Fasting
plasma glucose and post prandial plasma glucose was
estimated at baseline and each monthly visit, and HbAlc was
estimated at baseline and three and six months. Self-
monitoring of blood glucose levels was encouraged.

Patients were given a fixed dose of hydroxychloroquine
400 mg once a day for six months, in addition to insulin
glargine, gliclazide and metformin. During the study period,
no increase in the dosage of insulin glargine, gliclazide and
metformin were allowed. However, a decrease in the dose of
insulin glargine and gliclazide, if required, were made when
patients had fasting plasma glucose concentration below 90
mg/dl at one office visit, a concentration of 90 to 110 mg/dl
on two consecutive office visits, or a concentration of > 100
mg/dl on two consecutive days during self-monitoring at
home. Investigations like lipid parameters and C-peptide
were not performed due to financial constraints. There was
no control group with placebo therapy as the ethics
committee did not feel it rational to expose the control group
to hyperglycemia for six months. At the end of the study,
patients were classified as responders if fasting plasma
glucose was < 110 mg/dl and HbA1¢c<7.0%, and the rest were
non-responders.

Statistical Analysis: Statistical analysis was performed
using Graph Pad Prism5 version 5.01 statistical software.
Student’s t-test was used to compare continuous variables
(paired t-test for paired data and two-sample t-test for
unpaired data). The y2-test was used to compare categorical
variables. Multiple logistic regression analysis was
performed to determine the variables significantly associated
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with responders. The 95% confidence interval (CI) and odds
ratio were computed whenever applicable. The analysis of
efficacy was performed according to the intention-to-treat
method and included all patients who received at least one
dose of hydroxychloroquine and had at least one follow up
visit. The last observation for patients was carried forward to
impute missing values. The safety analysis also included all
patients. Data are presented as mean +SD. A p value <0.05
was considered statistically significant.

3. Results

Of the 105 subjects recruited, 100 subjects completed the
study. Among the patients excluded, three were lost to follow
up, one withdrew because of severe gastritis, and in one
patient hydroxychloroquine was withdrawn as he developed
pigmentation. Clinical characteristics of the 105 subjects at
recruitment are summarized in Table 1.

Table 1. Baseline characteristics (intention-to-treat population,).

Variables N=105

Age (yrs) 56.84 +7.81
Male 49 (47%)
Female 56 (53%)
Diabetes duration (yrs) 9.71+£5.32
BMI (kg/m?) 26.30+4.15
Waist-to-Hip Ratio 0.92+0.08
Body weight (kg) 67.11 £3.79
Fasting plasma glucose (mg/dl) 209.5+31.23
Post Prandial glucose (mg/dl) 328.3+31.76
HbAlc (%) 8.15+0.24

There was a significant decrease in HbAlc (%) at six
months from a mean of 8.15 £0.24 to 6.69+0.42 (p<0.0001)
(Table 2); 69 (66%) patients achieved HbA1c<7%. There was
a significant decrease in fasting plasma glucose at six months
from a mean of 209.5 + 31.23 mg/dl to 115.14 + 26.11 mg/dl
(p<0.0001) and post prandial from mean of 338.22 + 31.76
mg/dl to 147.71 £22.47 mg/dl, beginning at one month and
reaching maximal effects at six months (Figure 1); 71 (68%)
patients achieved fasting plasma glucose of < 110 mg/dL

There were 31 (29%) patients who could be classified as
responders, who achieved both fasting plasma glucose < 110
mg/dl and HbAlc < 7%. There was a significant decrease in
the mean body weight by 4.45+2.18 kg (p<0.0001) and BMI
by 0.84 +2.19 kg/m” (p<0.0005). There was no statistically
significant change in WHR. Hydroxychloroquine was well
tolerated throughout the study. There were no clinically
significant changes in ECG recordings. Transient elevations
greater than 1.5 times the upper limit of normal AST and
ALT levels were not observed in any but one study patient.
14 (13%) patients experienced gastritis. No adverse changes
in renal function were evident during the study. Symptoms
associated with hypoglycemia were reported by 26 (24.7%)
patients. Most patients who reported hypoglycemia
experienced one episode. No cases hypoglycemia was severe
enough to require hospitalization. The mean dose of insulin
glargine decreased during the study from 35.51 + 9.93 units
per day to 20.00 + 9.6 units/day at six months (p<0.0001).
The frequency of insulin glargine injections decreased from a
mean of 2.15 + 0.22/day to 1.18 + 0.85/day (p<0.0001). In 43
(41%) patients insulin glargine had to be totally stopped. In
13 (12%) patients the dose of gliclazide decreased to 40 mg.
There was no change in the dose of metformin during the
study.

400
S 350 1
E I
£ 300 T
U]
< 250 1 T
& o I ’
o 200 Ib‘\_\;ﬁ&” 1 T
= TG T
150 ——— ]
T 1
—
100
50
0
0 1 2 3 4 5 6
—e—FPG PPG
Month

Figure 1. Decrease in mean FPG and PPG (Mean+SEM).

Table 2. Change from baseline to 24 week study end point.

N=100
Variables

Baseline After 24 week A Change p Value
BMI (kg/m?) 26.30 +4.15 25.46 +3.05 -0.84 +£2.19 <0.0005
Body weight (kg) 67.11 £3.79 62.66+2.87 -4.45+2.18 <0.0001
Fasting plasma glucose (mg/dl) 209.5+31.23 115.14 £26.11 -94.36+21.83 <0.0001
Post Prandial glucose (mg/dl) 338.22+31.76 147.71 £22.47 -190.51£19.89 <0.0001
HbAlc (%) 8.15+£0.24 6.69+0.42 -1.46+0.38 <0.0001
Mean dose of daily basal Insulin glargine 35.51+9.93 20.00+ 9.6 -15.5149.1 <0.0001
The frequency of insulin glargine injections (per day) 2.15+£0.22 1.18£0.85 -0.87+0.67 <0.0001

4. Discussion

In the present study, the study sample was significantly

hyperglycemic, as evident by the mean baseline HbAlc level
of 8.15% and fasting and post prandial plasma glucose level
0f 209.3 and 338.22 mg/dl respectively. A significant number
of patients (n=69; 66%) achieved HbAlc level of <7%.
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Similarly, 71 (68%) patients achieved a fasting plasma
glucose of < 110 mg/dl. The 6-month duration of the study
was intended to provide a sufficient exposure to demonstrate
the maximal therapeutic effect, as assessed by reduction in
the HbAlc, fasting and post prandial plasma glucose levels.
Our study has provided evidence supporting the use of
hydroxychloroquine as an add on drug in type 2 diabetes
patients with inadequate glycemic control despite the
treatment with insulin and combination doses of gliclazide
and metformin. The quadruple drug therapy used in the study
demonstrated early and sustained reductions in fasting and
post prandial glucose levels, followed by reductions in
HbAlc levels. A previous study using hydroxychloroquine as
a third drug after sulphonylurea and metformin showed
similar glycemic efficacy [19].

In this study, ten (22.8%) patients treated with
hydroxychloroquine reported symptomatic hypoglycemia.
The incidence of reported hypoglycemia was evenly
distributed over the entire 6-month study period, suggesting
that hypoglycemic symptoms are not directly associated with
the initiation of hydroxychloroquine therapy.
Hydroxychloroquine therapy can lead to hypoglycemic
episodes when used in combination with insulin or insulin
secretagogue. Concurrent decrease in insulin doses and
insulin secretagogue therapy is warranted when patients
experience frank hypo-glycemia or sustained reduction in
plasma glucose levels. In the present study there was a
significant reduction in the insulin requirement as well as in
the frequency of insulin injections, and a decrease in the
mean dose of gliclazide. A decrease in insulin requirements
may be of interest in diminishing insulin degradation
partially and its possible consequences. Insulin therapy had
to be totally stopped in 43 (41%) patients.

Our study showed that hydroxychloroquine was effective and
well tolerated when used as a fourth drug with sulphonylurea
(gliclazide), metformin and insulin. The addition of
hydroxychloroquine reduced the requirement of insulin and
gliclazide. As the result, a proportion of such patients treated
with quadruple drug therapy were able to reach target HbAlc
<7.0% and fasting plasma glucose levels <110 mg/dl.

Although in this short, 6-month trial we found
hydroxychloroquine to be a safe drug, its long-term
consequences are not known. In contrast, we have decades of
experience with the extensive use of sulphonylureas and
metformin. It is therefore rational to use hydroxychloroquine
either as a third drug for type 2 DM, after sulphonylurea and
metformin, or a fourth drug in patients on insulin and
combination of sulphonylurea and metformin, rather than
making it the first option drug in therapy of type 2 DM.

5. Conclusion

Our study has shown that hydroxychloroquine is effective
in improving the glycemic control when added to a
combination of insulin, gliclazide and metformin in type 2
DM. In a significant number of patients, insulin therapy
could be stopped and in the rest the dosage of insulin and

gliclazide could be reduced. Hydroxychloroquine is a
relatively safe drug and is a valuable addition to the currently
available oral antidiabetic agents.
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