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ABSTRACT

Background: Type 2 diabetes is a metabolic disorder that requires
continuous pharmacological treatment for its management. Due to the
complexity of the treatment and increased risk of adverse reactions to the
existing treatment, there is a need to demonstrate the efficacy and safety
of new medications. Therefore, this study was conducted to identify the
efficacy and safety of Hydroxychloroquine in people with type 2 diabetes.
Materials and Methods: The Population, Intervention, Comparator,
Outcome format was utilised to assess the inclusion criteria of randomized
controlled trials. A total of five scientific databases were searched with
the designed search terms. All the studies included were assessed for
their risk of bias and a meta-analysis was performed by using RevMan.
Results: A total of six randomized controlled trials were included in this
systematic review. The majority of studies included hydroxychloroquine as
an add on treatment for the existing treatment regimen. From the study
results, it was found that hydroxychloroquine group was equally effective
in lowering blood glucose levels when compared with other treatment
groups. Also, it was found that there was a significant reduction in the daily

INTRODUCTION

Diabetes is the most common and chronic metabolic disorder that
occurs when there is a lack of production of insulin or insufficient
production of insulin in the body.! Type 2 diabetes (T2D) is the most
common type that accounts for 90% of the world’s diabetes population.
According to International Diabetes Federation, it is estimated that the
number of people living with diabetes worldwide may increase from
537 million in 2021 to 783 million by the year 2045.!

T2D requires continuous pharmacological and non-pharmacological
treatment such as exercise, weight reduction and dietary modification
for its management.” Despite the availability of multiple medications
and treatment options, there are limitations such as adverse effects of
anti-diabetes medications and the increase in the treatment cost due
to use of high-cost medications which affected the adherence level to
anti-diabetes medications and diabetes management.*® Also, literature
suggests that T2D is an inflammatory disease due to the activation of
interleukins.® But the effect of current anti-diabetes medications as an
anti-inflammatory is unknown.” Taking into account all these factors it
is suggested that there is a need for identifying new medications in the
treatment of diabetes.®

Hydroxychloroquine (HCQ) is an anti-inflammatory medication used
in the treatment of uncomplicated malaria and autoimmune disorders.’

insulin requirement in the hydroxychloroquine treatment group. Despite
the reduction in lipid profile in hydroxychloroquine group, there was no
significant reduction in body weight observed between hydroxychloroquine
and non-hydroxychloroquine groups. Lastly, hydroxychloroquine was well
tolerated in people living with type 2 diabetes with less severe adverse
effects. Conclusion: Overall, hydroxychloroquine group was found to be
safe and equally effective in reducing blood glucose levels when compared
with other anti-diabetes medications groups.
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Recent studies have proven that HCQ has anti-diabetic properties and
may also help in reduction of the incidence of diabetes.”'® However, the
mechanism of HCQ by which it alters the blood glucose levels is not
clear and the long term effects of use of hydroxychloroquine in people
with diabetes are still unknown.!’ Moreover, no systematic review was
conducted till date to assess the efficacy and safety of HCQ over other
anti-diabetes medications. Therefore, this systematic review and meta-
analysis was conducted to find the efficacy and safety of HCQ in T2D.

MATERIALS AND METHODS

This systematic review adopted PICO (Population, Intervention,
Comparator, Outcome) format for inclusion of studies. The details of
PICO for the randomized controlled trials (RCTs) have been presented
in Table 1. A comprehensive literature search was made using the search
terms in electronic databases CINAHL, Embase, PubMed, ProQuest
Central and Scopus. The search was made from inception to till
December 2021 and was limited to humans. Two authors (RKP and KU)
finalized the search terms based on the existing literature. The search
terms included in this study were “Hydroxychloroquine” OR HCQ AND
“Diabetes OR Diabetes Mellitus OR Type 2 Diabetes”. To broaden the
search, these terms were combined with Boolean operators and MeSH
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Table 1: PICO for studies inclusion criteria.

Patients of any gender living with type 2 diabetes with or

Population without comorbidities

. Hydroxychloroquine as a monotherapy or in combination

Intervention A . L . :

with other oral hypoglycemic medications and/or insulin
Other oral anti-diabetes medications and/or insulin and/or
Comparator
placebo.

Changes in the glycemic parameters such as HbAlc, CBG,

Outcome RBS, FBS, daily insulin requirements and adverse drug

reactions

58 studies imported for screening 16 duplicates removed

l

42 studies screened

l

14 full-text studies assessed for eligibility

28 studies irrelevant

8 studies excluded

¥ Hide reasons

2 Case Report

2 Review Article

2 Wrong patient population
2 Wrong study design

0 studies ongoing
0 studies awaiting classification

L 4

6 studies included
Figure 1: Flow chart of screening process.

terms. Also, manual search of the references of included studies and
review articles was performed to identify the additional studies. Only
those studies which identified the effect of HCQ in people living with
T2D were included.

All the studies obtained after using the search terms were imported into
Covidence' to perform the screening. Two reviewers (RKP and PA)
independently conducted the title, abstract and full-text screening of
studies. Any conflicts regarding the inclusion of studies and/or inclusion
of data were resolved upon consensus between authors (Figure 1).

Data Extraction

The data extraction of the included studies was performed by two
individual reviewers (RKP and PA). The data extraction was performed
in a Microsoft excel sheet which consisted of all details of the studies
including the participant characteristics such as age, gender, occupation
and education, changes in blood glucose parameters such as HbAlc
(Glycated haemoglobin), CBG (Capillary Blood Glucose), RBS (Random
Blood Sugar), FBG (Fasting Blood Sugar), daily insulin requirements
and safety profile of HCQ which includes adverse drug reactions. After
completion of the data extraction, the data was reviewed by KU and MG
for maintaining the uniformity of the data.

Risk of Bias (RoB)

RKP and SPB independently performed the Risk of Bias assessment by
using Cochrane RoB tool for Randomized Controlled Trials. The tool
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consists of five domains selection, performance, attrition, reporting and
others. The studies were segregated based on their level of risk of bias
such as High, Low and Unclear. The Review Manager 5.4 was used to
generate RoB summary (Figure 2) and graph (Figure 3).

Data Analysis

Review Manager Software (RevMan 5.4.1) was used to perform the
meta-analysis. The findings were reported by constructing the forest plot.
Those studies with summarised domains along with standard deviation
are included for meta-analysis. I was done to estimate the heterogeneity
between the included studies. The fixed-effect model was used for studies
without heterogeneity, while the random-effect was incorporated for
studies with heterogeneity.

RESULTS
Description of Studies

The literature search results are summarized in Figure 1. After
implying the inclusion and exclusion criteria, a total of six RCTs #!+18
were included in this study. Among these six RCTs, HCQ was given
as an additive drug to patients receiving various combinations of
anti-diabetes medications. HCQ was added to a combinational therapy
of Sulfonylurea and Metformin in three studies.®** Combination
therapy of DPP IV inhibitor (Vildagliptin) and Metformin in one study,'
combination therapy of Insulin with Metformin and DPP IV inhibitor

Random seguence generation {selection bias)

Allocation concealment (selection hias)
Selective reporting (reporting bias)

Other hias

=
2]

Amit Gupta 2019

Anil Pareek 2014

Antonio Quatraro 1990

® e
©® ® O | ®| @ cindingofparticipants and personnel (perfarmance hias)

Arjun Baidya 2019 | 2 ?

H. M. Chakravarti 2020

® ® O | ®|@  cindingof outcome assessment (detection bias)
® O O S ®| O | ncomplete outcome data (attrition bias)

Stanley H. Hsia 20149

Figure 2: Risk of bias summary.
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(Sitagliptin) in one study,”” Insulin and Sulfonylurea (Glibenclamide)
monotherapy in one study.’

Again, among these six RCTs, the additive anti-diabetes effect of
HCQ was compared against placebo in three studies,"*'”'® against
Pioglitazone in two studies®'* and against Canagliflozin in one study.*®
The chief characteristics of these studies were given in Table 2 and in the
supplementary material.

Efficacy of HCQ in Combination with Sulfonylurea and
Metformin

Three®'*!> RCTs evaluated the efficacy of HCQ in reducing glycemic
parameters when added to a combination of Sulfonylurea and Metformin.
Among these, two studies > were compared against Pioglitazone as a
comparator while one study'* was compared against placebo.

HCQ at doses 200mg, 300mg and 400mg OD in combination with
Glimepiride-4mg and Metformin-500mg were reported in comparison
with placebo, where HCQ resulted in significant improvement in
glycemic parameters such as HbAlc, FPG and PPG. The percentage
change in HbAlc from baseline to 12 weeks for different doses of HCQ
was -1.20% (-1.15 to -1.25) (p<0.001) for 400 mg and -0.91% (-0.86
to -0.96) (P<0.001) and -0.78% (-0.73 to -0.83) (p<0.005) for 300mg
and 200mg respectively."* Similar observations were also seen in FPG
and PPG levels, where 400mg dose of HCQ showed greater reduction
(Supplementary material).

HCQ at a dose of 400mg OD was compared with different doses of
Pioglitazone (15mg and 45mg OD) as an add on therapy to patients
who have been receiving Sulfonylurea and Metformin combination.®'®
There was a significant reduction of -0.85% (-0.54 to -1.19) (p<0.0001)

Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _ |

in HCQ group and -0.94% (-0.57 to -1.22) (p<0.0001) in Pioglitazone
15mg group.® In comparison with 45mg Pioglitazone', both HCQ and
Pioglitazone had a significant reduction in HbAlc (-1.2%; -0.3 to -2.1
and -2.8%; -2.6 to -3.0 respectively) but Pioglitazone was found to be
superior over HCQ (p< 0.0001). However, a combined analysis of these
both studies showed that Pioglitazone was not superior to HCQ in
reducing HbAlc values as an add on to the existing Sulfonylurea and
Metformin therapy (Figure 4).

The decrease in FBG by HCQ 400mg was -0.79 (-1.50 to -0.08) (P=0.008)
versus -1.02 (-1.73 to -0.32) (p=0.046) by Pioglitazone 15mg and the
decrease in FBG caused by Pioglitazone was not significant compared
to HCQ (P=0.648).® Similar findings were also observed when 45 mg of
Pioglitazone was compared with HCQ. FBG decreased from 179 + 53 mg/
dl to 147 + 33 mg/dl (p=0.01) in HCQ 400mg group while it decreased
from 170 + 50 mg/dl to 105 + 21 mg/dl (p<0.0001) in Pioglitazone 45mg
group.”” This decrease in FBG between Pioglitazone 45mg and HCQ
400mg was again insignificant (P = 0.11). All these findings in terms of
HBAIlc and FBG advocate that clinical significance of HCQ in lowering
glycemic parameters and is not inferior to Pioglitazone (Figure 5).

Efficacy of HCQ in Combination with Vildagliptin and
Metformin

A RCT of HCQ at a dose of 400mg OD in combination with
Vildagliptin 100mg and Metformin 2000mg/day was carried out
for 24 weeks.’ Canagliflozin at a daily dose of 300mg was added
to Vildagliptin and Metformin in another group of patients.
Despite significant reduction in mean HbAlc levels 7.11 + 0.18%
(P= 0.001) and 7.44 = 0.21% (P=0.001) in HCQ and Canagliflozin
groups respectively, the difference between groups was not significant
(P=0.29)." Similar findings were observed in FBG levels where it
was decreased from 143+12.8 mg/dl to 112+10.7 mg/dl (P=0.001) in
HCQ group and 147 + 13.2 mg/dl to 117 + 10.7 mg/dl (P=0.001) in
Canagliflozin group. These findings advocate the anti-diabetes effect of
HCQ at par with Canagliflozin in patients whose blood sugar levels were
poorly controlled with Vildagliptin and Metformin.

omervias [ | Efficacy of HCQ in Combination with Insulin and Oral
T 50% 7% 100% Hypoglycemics
Il Low risk ofbias [unclearrisk of bias Il High risk of bias | A clinical study reported the clinical efficacy of HCQ in combination
with basal insulin and two oral hypoglycemics, Sitagliptin 100mg and
Figure 3: Risk of bias graph. Metformin 1000mg."” It was found that HbAlc was decreased by 1.1%
Table 2: Characteristics of the included studies.
S.No Name of the author (Year Number of Duration of Existing Therapy Add on Therapy
Published) Participants study Test Comparator
) Vildagliptin T
1 Amit Gupta (2019) 87 6 Months ) ) HCQ Canagliflozin
with Metformin
Insulin Insulin with
2 Arjun Baidya (2019) 49 6 Months with HCQ Metformin and
Sitagliptin and Metformin Sitagliptin
_ Glimepiride T
3 Anil Pareek (2014) 267 6 Months . . HCQ Pioglitazone
with Metformin
Glimepiride
4 H N Chakravarthy (2020) 326 3 Months . . HCQ Placebo
with Metformin
5 Antonio Quatraro (1990) 48 6 Months Insulin and Glibenclamide HCQ Placebo
Sulfonyl Urea
6 Stanley H. Hsia (2019) 22 4 Months . . HCQ Pioglitazone
with Metformin
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Mean Difference
1V, Random, 95% CI

Hydroxychloroquine  Comparators Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random,95% Cl
Amit Gupta 2019 121 018 43 -116 021 44 225% -0.06(013,0.03
Anil Pareek 2014 085 176 135 -084 197 132 205% 0.0 [0.36,0.54 -+
Antonio Quatrara 1990 3312 1 03 14 11 141%
H.N. Chakravarti 2020 2 005 128 -023 002 66 226%
Stanley H. Hsia 2019 42 09 15 28 02 7 202%

-3.0014.09,-1.91] —_—
-0.97 [-0.98,-0.96]

1.60[1.12,2.08 -
Total (95% CI) 332 260 100.0% -0.31[-0.98,0.36) -
Heterogeneity: Tau®= 0.51; Chi*= 618.98, df= 4 (P < 0.00001); F= 98%
Testfor overall effect Z=0.91 (P = 0.36)

4 2 2
Hydroxychloroquine  Comparators

Figure 4: Meta-analysis of studies included changes in HbA1c between HCQ
and Non-HCQ groups.

Mean Difference
1V, Random, 95% CI

Mean Difference

Hydroxychloroquine
D IV, Random, 95% CI

Study or Subgroup Mean Total Mean
Amit Gupta 2019 -3 107 43 -30 107
Anil Pareek 2014 4158 614 135 -167 79.7
H. N. Chakravarti 2020 -36 34 128 1 16
Stanley H. Hsia 2019 -32 33 15 -85 21

Comparators
SD_Total Weight
44 287%  -1.00[550,350] -
132 232%  080(16.19,17.99)
66 28.0% -25.00(32.04,-17.95]

7 200%  33.00(10.18,55.82)

N
—_— .

-’

-25 25
Hydroxychloroquine Comparators

Total (95% C1) 321 249 100.0%
Heterogeneity: Tau?= 284 21; Chi= 44.48, df= 3 (P < 0.00001); F= 83%
Test for overall effect: Z= 0.05 (P = 0.96)

-0.48 [18.66,17.70]
‘50

50

Figure 5: Meta-analysis of studies included changes in FBG between HCQ
and Non-HCQ groups.

from 8.5 = 0.5 to 7.4 + 0.5 (P<0.0001) after 12 weeks and reduced
further to 6.9 £ 0.5 % (P<0.0001) after 24 weeks of adding HCQ. There
was also a significant reduction in daily basal insulin dose (39.4 + 8.5 to
29.5 + 4.5 units/day).

Efficacy of HCQ with Insulin and Glibenclamide

A randomized double-blind efficacy study of HCQ in combination with
Insulin reported a significant reduction in HbAlc levels after 6 months.'
HbAlc decreased by -3.3 % (-3.6 to -3) in patients receiving HCQ
along with Insulin. HCQ also significantly reduced the daily Insulin
requirement by -24 units (-30 to -17.9).

Effect of HCQ on Body Weight

Three studies'*'>"” evaluated the effect of HCQ on the body weight of
patients taking anti-diabetes management.

Significant reduction in body weight was observed when HCQ was
added to Insulin when given in combination with oral Hypoglycemics
(Sitagliptin and Metformin), there was a reduction in mean body weight
of sample population from 72.5 + 6.2 kg to 68.7 + 7.4 kg (P=0.011)."
However, no significant reduction in body weight was observed when
HCQ was added to oral hypoglycemic drug combination of Sulfonylurea
and Metformin.'** However, in a clinical study,” where HCQ has
compared with Pioglitazone 45mg as an add on to existing Sulfonylurea
and Metformin combination, patients who were on Pioglitazone
had a significant increase in their bodyweight from 83.7 + 18.2kg to
87.0 + 17.9; P=0.02 while patients receiving HCQ had no significant
effect on their body weight (85.7 + 14.3 kg to 85.4 + 14.5 kg, P=0.76). This
difference between HCQ and Pioglitazone was found to be significant
(P=0.004).

Effect of HCQ on Lipid Profile

Two clinical studies®" reported the effect of HCQ versus Pioglitazone
when added to Sulfonylurea and Metformin combination. When
compared to 15mg OD of Pioglitazone, the HCQ 400mg OD group
shown reduction in triglycerides (TG), total cholesterol (TC) and
low-density lipoprotein (LDL) levels. After 24 weeks of therapy, there
was a reduction of -0.37 mmol/L (-0.55 to -0.19; P=0.004) in TC,
-0.26 mmol/L (-0.44 to -0.12; P=0.011) in TG and -0.2 mmol/L
( -0.38 to -0.08; P=0.031) in LDL in HCQ group when compared
the reduction of 0.03 ( -0.15 to 0.20; P=0.88) in TC, -0.29 ( -0.45 to
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-0.13; P=0.008) in TG and 0.09 (-0.06 to 0.24; P=0.47) in LDL with
Pioglitazone.® These findings advocate the superiority of HCQ 400mg
OD over Pioglitazone 15mg OD in reducing the lipid profile, especially
total cholesterol and low-density lipoprotein levels. Similar results were
not obtained when 45mg of Pioglitazone was compared with 400mg of
HCQ, both added to Sulfonylurea and Metformin combination."® Here,
both Pioglitazone and HCQ significantly reduced total cholesterol
levels after 4 months of therapy. Total cholesterol levels decreased from
170.2 + 32.6 mg/dl to 141.4 + 27.8 mg/dl (P=0.02) in HCQ group
and in pioglitazone group, it reduced from 149.3 + 30.1 mg/dl to
130.9 + 26.8 mg/dl (P=0.02). However, the differences between these two
groups was not statistically significant (P=0.31).”

HCQ when added to insulin and anti-diabetes medications combination
also had a significant effect in lowering TC (215 * 41lmg/dl to
191 £ 37 mg/dl), TG levels (218 + 143 to 150 + 97 mg/dl) and LDL levels
(131 %17 to 114 + 9 mg/dl).”

Safety of HCQ in Patients with Diabetes

Of all included studies, six studies mentioned adverse effects of HCQ.%*18
The most commonly reported adverse effect among these studies was
hypoglycemia followed by gastrointestinal system disorders such as
diarrhoea. However, the number of hypoglycemia episodes in the HCQ
group was less when compared with their comparators. Overall, HCQ
was found to be safe and well-tolerated.

DISCUSSION

Diabetes is a chronic disease that requires multiple medications for
its management and reduction of long term complications.”® The goal
in the treatment of diabetes is maintaining the blood glucose levels
within the normal limits and prevention of macro and micro vascular
complications.? This systematic review of six RCTs advocates the efficacy
and safety of HCQ in patients with inadequate glycemic control. This
is an encouraging finding as it highlights the role of anti-inflammatory
agent in the treatment of T2D.

The primary treatment option for the treatment of T2D is Metformin
alone or in combination with sulfonylureas such as Glimepiride,
Glipizide, Gliclazide or Dipeptidyl peptidase-4 inhibitors such as
Sitagliptin, Linagliptin, Vildagliptin. However, recent studies show that
nearly 15% of people living with T2D are contraindicated or not tolerated
to Metformin based treatment regimen.*> Moreover, despite proven
safety nature of insulin, majority of people living with T2D are reluctant
to receive insulin thinking of it as a last option in the treatment regimen.*
Recent studies found that despite the reduction of blood glucose levels
by increasing insulin sensitivity, biguanides and thiazolidinediones
may not improve the beta cell function. Moreover, thiazolidinediones
may increase the risk of cardiac problems and fractures.”** In addition,
diabetes is often characterised by micro and macro vascular complications
due to raise in the inflammatory markers such as TNF alpha, Interleukin
1 and 6. Studies found that HCQ lowers these inflammatory markers and
also reduced the adipocyte and islet inflammation there by reducing the
insulin resistance.’* Hydroxychloroquine was approved by the Central
Drugs Standard Control Organisation in 2014 for its use as an adjunct
for the treatment of T2D.** Studies found that HCQ exhibits glucose
lowering effect by enhancing the sensitivity of cells to insulin and glucose
tolerance by reducing the insulin clearance.?”

From the results of this study, it was found that higher doses of HCQ had
reduced the glucose levels and body weight when compared with other
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oral anti-diabetes medications. In a study where HCQ was compared
with pioglitazone as an add on to existing Sulfonylurea plus Metformin
therapy, HCQ was equivalent to Pioglitazone in reducing the glycemic
parameters (HbAlc, FBG) and was superior to Pioglitazone in reducing
the lipid profile (TC, TG & LDL) of the patients.!* Similar findings were
observed in a study where HCQ significantly lowered total cholesterol
(0.18 mmol/L, 95% CI: -0.28 to -0.08), triglycerides (-0.09 mmol/L, 95%
CI: -0.15 to -0.04) and LDL levels (-0.21 mmol/L, 95% CI: -0.36 to -0.06).%

From this systematic review, it was found that HCQ was well tolerated
by people living with T2D. Also, all the studies in this review found
fewer hypoglycemic events when compared with other groups. Recent
studies show that people on HCQ had less frequently experienced mild
to moderate hypoglycemia.”” It was found that the majority of adverse
reactions were related to the gastrointestinal, cutaneous, ophthalmic
and cardiac systems.” All these findings promote the use of HCQ as an
effective add on therapy in patients with poor (or) inadequate glycemic
control with one or more anti-diabetes medications.

The inclusion of multi-centred studies in this systematic review
enhanced the trustworthiness of the data analysis. The majority of
RCTs included in this review have added on anti-diabetes medications
this we believe is a limitation for not being able to compare the efficacy
of the HCQ monotherapy over other oral anti-diabetes medications.
Furthermore, due to the current increase in global COVID-19 cases,
there are various studies conducted to observe the effect of HCQ in
COVID-19 with diabetes. Therefore, we suggest further studies be
conducted to observe the efficacy and safety of HCQ in COVID-19 with
Diabetes.

CONCLUSION

This study provided insights into the efficacy and safety of HCQ in
people living with T2D. It was found that there are fewer adverse effects
observed in patients with HCQ when compared with other oral anti-
diabetes medications. Overall, it was found that HCQ showed a beneficial
effect on people with T2D on various glycemic parameters.
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