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Abstract

Hydroxychloroquine, an antimalarial agent has also been found to possess antidiabetic
action. Onset of type-2 diabetes (T2DM) and cardiovascular disease is now considered to
be the outcome of systemic inflammation. Many clinical trials are targeting systemic
inflammation to reduce cardiovascular risk. Anti-inflammatory drugs with cardiovascular
effects may be valuable therapeutic intervention to reduce massive cardiovascular risk in
T2DM. In this review, antidiabetic action and potential cardioprotective role of
hydroxychloroquine has been discussed. By virtue of its antidiabetic, lipid lowering, anti-
platelet, anticoagulant and anti-inflammatory properties, hydroxychloroquine can be a

key therapeutic alternative to manage patients with T2DM.
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Background

Hydroxychloroquine, a hydroxylated
derivative of chloroquine, is an antimalarial
agent. It is widely used in the management of
autoimmune inflammatory conditions such as
rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) either alone or in
combination  with  other agents. Many
mechanisms for its immunomodulatory effect
have been proposed [1]. It inhibits antigen
presentation, chemotaxis, lysosomal
acidification, phagocytosis and proteolysis. It
decreases production of inflammatory mediators.
It also inhibits matrix metalloproteinases. It has
demonstrated inhibitory action on T lymphocyte,

B-cell receptor and toll-like receptor signaling.
[1]. Hydroxychloroquine has also been found to
possess antidiabetic, lipid lowering, anti-platelet
and anti-coagulant actions [2].

Antidiabetic action of

hydroxychloroquine

After binding with insulin receptor, insulin
and insulin receptor (IR) complex undergoes
internalization in the endocytic vesicles. Later,
acidification of these vesicles causes dissociation
of insulin from IR. Subsequently IR is returned
to plasma membrane which can be readily
available to bind new insulin. Insulin is either
degraded in the endosomes or transported out of
the vesicle by a membrane protein transporter [3].
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Being an acidotropic agent,
hydroxychloroquine reaches high concentrations
intracellularly and raises the intracellular pH
which causes inactivation of various proteolytic
enzymes responsible for degradation of insulin.
This results in recirculation of substantial
proportion of insulin in the active form. In the
process of degradation of insulin, the rate-
limiting step is the dissociation of insulin from
IR. Hydroxychloroquine delays this dissociation
and consecutively extend the action of insulin by
increasing its half-life which may also be
responsible for its antidiabetic effect [4,5].

[-cell function and insulin sensitivity play a
central role in maintaining normal glucose
homeostasis [6]. Hydroxychloroquine treated
patients were observed to have significant
improvement in insulin sensitivity and reduced
insulin resistance. Wasko M et al. [6] reported
enhanced insulin sensitivity and p-cell function
by hydroxychloroquine. Beneficial effect of
hydroxychloroquine on insulin sensitization was
also reported by Mercer E et al. [7]. They found
that Matsuda Insulin Sensitivity Index was
increased from a median of 45 to 8.9 in
hydroxychloroquine treated patients. The same
study also reported reduction in insulin
resistance assessed by HOMA-IR (Homeostasis
Model Assessment-Estimated Insulin
Resistance). Thus, hydroxychloroquine reduced
HOMA-IR from a median of 2.1 to 1.8.
Hydroxychloroquine treated patients also had a
significantly increased adiponectin level as
compared to placebo [6].

Antidiabetic action of

hydroxychloroquine: Evidence

from observational studies

Reduction in incidence of type-2 diabetes
mellitus (T2DM) was observed among chronic
users of hydroxychloroquine. Wasko M et al.
[8], conducted a multicenter observational study
involving 4905 patients with RA but without
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diabetes or not on the treatment of diabetes.
Patients were observed for an average period of
21.5 years. Increased duration of
hydroxychloroquine use was linked to reduced
risk of incident diabetes (P<.001). Patients
(n=384) treated with hydroxychlorogquine for
more than four years had substantial reduction in
the risk of incident diabetes. In another study by
Solomon D et al. [9], who analysed 13905
patients with RA or psoriasis,
hydroxychloroquine led to a significant decline
in the risk of diabetes in contrast to other
DMARD regimens.

Bili A et al. [10] demonstrated a 71%
decline in the risk of diabetes among the 1127
RA patients who were using hydroxychloroquine
for more than five years. Bellomio V et al. [11]
reported that use of hydroxychloroquine among
the patients with SLE led to lower incidence of
metabolic syndrome. Few case studies also
reported hypoglycemic effect of
hydroxychloroquine in individuals with or
without diabetes [12-14].

Glucose-lowering efficacy of hydroxy-

chloroquine in T2DM patients refractory

to sulfonylureas

A study was conducted by Gerstein H et al.
[15], where 135 obese patients with T2DM, with
glycosylated hemoglobin (HbALlc) higher or
equal to 11% in spite of highest dose of
sulfonylureas were randomized to receive either
hydroxychloroquine < 300 mg, twice a day or
placebo. After follow-up of 18 months,
improvement in glycemic control was observed
among the T2DM patients who were refractory
to sulfonylurea treatment. In patients whose
HbAlc was between 11% and 13.5%,
hydroxychloroquine lowered HbAlc by an
absolute amount of 1.02% more compared to
placebo.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017




Hydroxychloroquine in decompensated,

treatment refractory T2DM

Quatraro A et al. [16] demonstrated
favorable effect of hydroxychloroquine in
patients with T2DM resistant to oral
hypoglycemic agents, insulin and antidiabetic
drugs combined with insulin. After six months of
treatment, addition of hydroxychloroquine to
insulin resulted in the reduction of diurnal
plasma glucose by 11.7 mmol/L and addition of
hydroxychloroquine to glibenclamide reduced
diurnal plasma glucose level by 10.08 mmol/L.
After addition of hydroxychloroquine to insulin
or glibenclamide, significant reduction in HbAlc
was obtained in comparison to placebo. In the
patients receiving insulin, add-on therapy with
hydroxychloroquine resulted in decreased
requirement of insulin by 30%.

Hydroxychloroquine versus

pioglitazone in T2DM

Pareek A et al. [17] clinically explored
antidiabetic activity of hydroxychloroquine
versus pioglitazone. T2DM patients with
uncontrolled glycemic parameters in spite of
treatment with sulfonylureas
(glimepiride/gliclazide) in combination with
metformin >1000 mg per day were selected. As
an add-on therapy they received either 400 mg
per day of hydroxychloroquine (n=115) or 15
mg per day of pioglitazone (n=117) for six
months.

Both therapies resulted in significant decline
of fasting blood glucose (FBG), post-prandial
blood glucose (PPG), as well as HbAlc. At the
end of three months and six months,
hydroxychloroquine was as effective as 15 mg of
pioglitazone in controlling glycemic parameters
from the baseline. Also, percentage of patients
who achieved improvement in their target
glycemic parameters was similar for both
therapeutic regimens.
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Significant improvement in total cholesterol
(TC) and low-density lipoprotein-cholesterol
(LDL-C) was observed among patients using
hydroxychloroquine as compared to
pioglitazone. There was significant reduction in
triglycerides in both groups at six months. Both
therapies were well tolerated.
Hydroxychloroquine users had marginal weight
reduction. No patient among the
hydroxychloroquine treated group experienced
hypoglycemia. Thus Pareek A et al. had
conclusively shown that hydroxychloroquine has
similar hypoglycemic effect as compared to the
third line antidiabetic agents like pioglitazone in
Indian diabetic patients.

T2DM, cardiovascular risk

and inflammation

The inflammation-diabetes paradigm is now
gaining a momentum. Inflammatory mediators
have Dbeen critically implicated in the
pathogenesis of diabetes mellitus. Thus,
cytokines, including interleukin-1 (IL-1), IL-6
and tumor necrosis factor-o (TNF-a) have
significant contribution in the pathogenesis of
T2DM [18]. B-cell function can be affected by
these circulating cytokines as they increase the
adipocyte inflammation [18]. Cytokines like
TNF-0, IL-1B, and Interferon-y (IFN-y) can
impair release of insulin by altering calcium
level in [B-cells. TNF-a leads to accelerated
apoptosis of B-cells by increasing expression of
islet amyloid polypeptide [18]. Glucotoxicity
and lipotoxicity increase free fatty acid levels in
the islets, which causes activation of oxidative
stress and jun N-terminal kinase (JNK), which
ultimately results in increased cytokine and
chemokine levels in the islets leading to p-cell
dysfunction [18]. Levels of inflammatory
mediators have been found to be correlated with
insulin  resistance and were significantly
increased in the patients at risk of T2DM [19].
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Elevated cardiovascular risk is a serious
issue in people with T2DM and it is often linked
to increased morbidity and mortality [20]. A
50-year-old diabetic person with no previous
macrovascular ailment will die almost six year
earlier than a person without diabetes [21]. In the
diabetic patients, atherosclerosis was responsible
for ~80% of deaths [22]. In an 18-year follow-up
study of Finnish subjects, Juutilainen A et al.
[23] demonstrated that T2DM and prior episode
of myocardial infarction (MI) has equivalent risk
of death due to coronary heart disease.

T2DM and cardiovascular disease (CVD)
are now considered to be outcome of systemic
inflammation with many common inflammatory
features.  Studies have mentioned that,
atherosclerosis, metabolic disorder as well as
obesity were strongly correlated with the
markers of inflammation. Underlying
inflammatory process is thought to be like
‘common soil’ for these pathologies and T2DM
[24].

Pedicino D et al. [25] commented that, early
onset of macrovascular complications in T2DM
patients is caused by multiple factors. Advanced
glycation end-products in plasma and vascular
wall  along  with  insulin  resistance,
hyperinsulinemia and hyperglycemia initiates a
pro-inflammatory  state which leads to
dysregulation of immune system and
prothrombotic state. From the formation till the
onset of its complications, inflammation has
been implicated in every step of atherosclerosis.
It is also involved in the typical metabolic
dysregulation observed in T2DM [25].

The anti-inflammatory drugs can be
important in  the prevention of major
cardiovascular event like MI, stroke, and
cardiovascular death. Some evidence is available
for the beneficial impact of hydroxychloroquine
on cardiovascular risk, particularly in diabetes
and dyslipidemia. The anti-inflammatory agents
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frequently prescribed in RA or psoriatic arthritis
are being evaluated in the management of CVD.
Similarly, the role of hydroxychloroquine has
been already established to control CVD like Ml
in high risk individuals such as RA patients.
Hydroxychloroquine  reduces inflammatory
markers like TNF alpha, IL-6 and IFN-y [26,27].
Sharma T et al. [28] observed 72% decreased
risk of CVD among the 1266 RA patients using
hydroxychloroquine.

In a prospective, randomized study, Pareek
A et al. [29] evaluated atorvastatin along with
hydroxychloroquine Versus atorvastatin
monotherapy in  the  management  of
dyslipidemia. Combination therapy led to a
significant decrease in LDL-C, TC and non-
high-density lipoprotein cholesterol (non-HDL-
C) at the end of six months compared to
monotherapy of atorvastatin. In the combination
therapy group, a higher number of patients
achieved their lipid goals as compared to the
monotherapy group. Addition of
hydroxychloroquine to atorvastatin resulted in
incremental fall in LDL-C by 5.16% and 7.02%
at end of three and six months respectively. Pre-
diabetic and patients with T2DM had better
improvement in their lipid levels due to
combination therapy. In six months, atorvastatin
monotherapy group had 15.09% incidence of
statin-induced diabetes compared to only 1.96%
in the combination group.

The focus of therapies aimed to reduce
cardiovascular risk in wvulnerable patients is
shifting towards anti-inflammatory agents. There
are many ongoing clinical trials which are
targeting specific inflammatory markers to
reduce burden of CVD.
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Assessment of efficacy of anti-
inflammatory drugs to reduce
enhanced cardiovascular risk

OXI trial: Managing recurrence of
cardiovascular events in Ml by
hydroxychloroquine

OXI trial [30] has randomized 2500 patients
with  MI  to  receive either  active
hydroxychloroquine or placebo for at least one
year. In this event-driven clinical trial, potential
benefits of hydroxychloroquine on mortality,
cardiovascular events and coronary interventions
among the patients hospitalized for Ml are being
evaluated. Trial will also evaluate whether
hydroxychloroquine has any benefits on
incidence of T2DM, HbAlc as well as lipid
levels and inflammatory parameters.

The results of the OXI trial are being eagerly
awaited. Outcome of the trial will determine the
role of hydroxychloroquine in reducing
recurrence of cardiovascular events in MI. If
positive, then this trial will justify the use of
anti-inflammatory ~ drugs  for  secondary
prevention of CVD and according to the
investigators, it will represent a multi-target
approach for the prevention of atherosclerotic
CVDs.

Ocular safety of hydroxychloroquine

Ocular toxicity is the most important
concern  linked with  chronic use of
hydroxychloroquine. To manage ocular risk, use
of minimum effective dose of
hydroxychloroquine and periodic
ophthalmological screening is recommended.
Mavrikakis I et al. [31] followed up 526 patients
with- RA and SLE to assess retinopathy
associated with chronic use of
hydroxychloroquine. Ophthalmological
screening was done for every 6 months from
1985 to 1995 and yearly thereafter.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017

Among all patients, throughout the treatment
of six years, no evidence of retinopathy was
observed. Incidence of retinopathy was only
0.5% when used for 8.7 years. Mavrikakis | et al.
concluded that hydroxychloroquine at a
maximum dose of 6.5 mg per kg can be given in
patient without kidney disease, and may
continue safely for six years.

To monitor retinopathy due to chronic use of
hydroxychloroquine, the American Academy of
Ophthalmology (AAO) revised its
recommendations in 2016 [32]. AAO also
enumerated risk factors for the development of
retinopathy, — which  comprises; use of
hydroxychloroquine at a dose of >5.0 mg/kg, use
for more than five years, pre-existing kidney
disease, maculopathy and  simultaneous
tamoxifen therapy. It recommended that, the
baseline ophthalmological screening should be
done before initiation of hydroxychloroquine
therapy and yearly screening should be
performed after five years of use when risk
factors  are  absent. Regular  yearly
ophthalmological screening is recommended for
the patients with risk factors.

Conclusion

A plethora of clinical evidence is available
regarding the role of systemic inflammation in
the pathogenesis of diabetes and CVDs. The
focus of cardiovascular risk management
therapies is shifting towards reducing the
systemic inflammation. The cardiovascular
safety of many antidiabetic drugs is a concern;
prompting the US FDA to require cardiovascular
safety trials as part of the approval process for
new antidiabetic drugs. New antidiabetic drugs
are comparatively costly to the vast majority of
people residing in developing and
underdeveloped countries. Anti-inflammatory
drugs with cardiovascular effects may be
valuable therapeutic intervention to reduce

373




massive  cardiovascular risk in  T2DM.
Hydroxychloroquine is a generic, relatively well
tolerated and cost-effective alternative to
manage various inflammatory conditions.
Hydroxychloroquine 400 mg has been approved
in India in T2DM as an add-on therapy to diet
and exercise to improve glycemic parameters in
patients using metformin and sulfonylurea. By
virtue of its antidiabetic, lipid lowering, anti-
platelet, anticoagulant and anti-inflammatory
properties, hydroxychloroquine has a potential to
become a therapeutic alternative to reduce

REFERENCES

cardiovascular risk among the patients with
T2DM.

Funding source. This work has not received
any financial support from any agency or
individual.

Conflict of interest. Dr. Saibal Chakravorty
has no known conflict of interest. Dr. Indranil
Purkait, Dr. Anil Pareek and Mr. Avinash
Talware are the full-time employees at IPCA
Laboratories Ltd. and are involved in the
research studies of hydroxychloroquine.

1. Kaplan Y, Ozsarfati J, Nickel C, Koren G.
Reproductive outcomes following hydroxychloroquine use
for autoimmune diseases: a systematic review and meta-
analysis. Br J Clin Pharmacol 81: 835-848, 2016.

2. Sun L, Liu M, Li R et al. Hydroxychloroquine, a
promising choice for coronary artery disease? Med
Hypotheses 93: 5-7, 2016.

3. Duckworth W, Bennett R, Hamel F. Insulin
degradation: progress and potential. Endocr Rev 19: 608-
624, 1998.

4. Emami J, Gerstein H, Pasutto F, Jamali F.
Insulin-sparing effect of hydroxychloroquine in diabetic
rats is concentration dependent. Can J Physiol Pharmacol
77:118-123, 1999.

5. Smith G, Christensen J, Rideout J, Peters T.
Hepatic processing of insulin. Characterization of
differential inhibition by weak bases. Eur J Biochem 181:
287-294, 1989.

6. Wasko M, McClure C, Kelsey S, Huber K,
Orchard T, Toledo F. Antidiabetogenic effects of
hydroxychloroquine on insulin sensitivity and beta cell
function: a randomised trial. Diabetologia 58: 2336-2343,
2015.

7. Mercer E, Rekedal L, Garg R, Lu B,
Massarotti E, Solomon D. Hydroxychloroquine improves
insulin sensitivity in obese non-diabetic individuals.
Arthritis Res Ther 14: 135, 2012.

8. Wasko M, Hubert H, Lingala V et al.
Hydroxychloroquine and risk of diabetes in patients with
rheumatoid arthritis. JAMA 298: 187-193, 2007.

374

9. Solomon D, Massarotti E, Garg R, Liu J,
Canning C, Schneeweiss S. Association between disease-
modifying antirheumatic drugs and diabetes risk in
patients with rheumatoid arthritis and psoriasis. JAMA
305: 2525-2531, 2011.

10. Bili A, Sartorius J, Kirchner H et al.
Hydroxychloroquine use and decreased risk of diabetes in
rheumatoid arthritis patients. J Clin Rheumatol 17: 115-
120, 2011.

11. Bellomio V, Spindler A, Lucero E et al.
Metabolic syndrome in Argentinean patients with systemic
lupus erythematosus. Lupus 18: 1019-1025, 2009.

12. Padsalge M, Abhyankar M, Ghag S. Insulin
sparing effect of hydroxychloroquine in uncontrolled
diabetes mellitus. Clinical Diabetology 5: 138-140, 2016.

13. Cansu D, Korkmaz C. Hypoglycaemia induced
by hydroxychloroquine in a non-diabetic patient treated
for RA. Rheumatology 47: 378-379, 2008.

14. Winter E, Schrander-van der Meer A,
Eustatia-Rutten C, Janssen M. Hydroxychloroquine as a
glucose lowering drug. BMJ Case Rep pii
bcr0620114393, 2011.

15. Gerstein H, Thorpe K, Taylor D, Haynes R.
The effectiveness of hydroxychloroquine in patients with
type 2 diabetes mellitus who are refractory to
sulfonylureas--a randomized trial. Diabetes Res Clin Pract
55: 209-219, 2002.

16. Quatraro A, Consoli G, Magno M et al.
Hydroxychloroquine in  decompensated, treatment-

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017




refractory noninsulin-dependent diabetes mellitus. A new
job for an old drug? Ann Intern Med 112: 678-681, 1990.

17. Pareek A, Chandurkar N, Thomas N et al.
Efficacy and safety of hydroxychloroquine in the
treatment of type 2 diabetes mellitus: a double blind,
randomized comparison with pioglitazone. Curr Med Res
Opin 30: 1257-1266, 2014,

18. Agrawal N, Kant S. Targeting inflammation in
diabetes: Newer therapeutic options. World J Diabetes 5:
697-710, 2014.

19. Xu H, Barnes G, Yang Q et al. Chronic
inflammation in fat plays a crucial role in the development
of obesity-related insulin resistance. J Clin Invest 112:
1821-1830, 2003.

20. Dailey G, Wang E. A review of cardiovascular
outcomes in the treatment of people with type 2 diabetes.
Diabetes Ther 5: 385-402, 2014.

21. Rao K, Kaptoge S, Thompson A et al. Diabetes
mellitus, fasting glucose, and risk of cause-specific death.
N Engl J Med 364: 829-841, 2011.

22. Carson J, Scholz P, Chen A, Peterson E, Gold
J, Schneider S. Diabetes mellitus increases short-term
mortality and morbidity in patients undergoing coronary
artery bypass graft surgery. J Am Coll Cardiol 40: 418-
423, 2002.

23. Juutilainen A, Lehto S, Rénnemaa T, Pyorala
K, Laakso M. Type 2 diabetes as a "coronary heart
disease equivalent": an 18-year prospective population-
based study in Finnish subjects. Diabetes Care 28: 2901-
2907, 2005.

24. Alexandraki K, Piperi C, Kalofoutis C, Singh
J, Alaveras A, Kalofoutis A. Inflammatory process in
type 2 diabetes: The role of cytokines. Ann N Y Acad Sci
1084: 89-117, 2006.

25. Pedicino D, Giglio A, Galiffa V, Trotta F,
Liuzzo G. Type 2 diabetes, immunity and cardiovascular

risk: a complex relationship In: Pathophysiology and
complications of diabetes mellitus. Oguntibeju OO (Ed).
InTech, Rijeka, pp 45-70. 2012.

26. Willis R, Seif A, McGwin G Jr et al. Effect of
hydroxychloroquine  treatment on pro-inflammatory
cytokines and disease activity in SLE patients; data from
LUMINA (LXXV), a multiethnic US cohort. Lupus 21:
830-835, 2012.

27. Tishler M, Yaron |, Shirazi I, Yaron M.
Hydroxychloroquine treatment for primary Sjogren's
syndrome: its effect on salivary and serum inflammatory
markers. Ann Rheum Dis 58: 253-256, 1999.

28. Sharma T, Wasko M, Tang X et al
Hydroxychloroquine use is associated with decreased
incident cardiovascular events in rheumatoid arthritis
patients. J Am Heart Assoc 5: 002867, 2016.

29. Pareek A, Chandurkar N, Thulaseedharan N
et al. Efficacy and safety of fixed dose combination of
atorvastatin and hydroxychloroquine: a randomized,
double-blind comparison with atorvastatin alone among
Indian patients with dyslipidemia. Curr Med Res Opin 31:
2105-2117, 2015.

30. Hartman O, Kovanen P, Lehtonen J, Eklund
K, Sinisalo J Hydroxychloroquine for the prevention of
recurrent cardiovascular events in myocardial infarction
patients: rationale and design of the OXI trial. Eur Heart J
Cardiovasc Pharmacother 3: 92-97, 2017.

31. Mavrikakis I, Sfikakis P, Mavrikakis E et al.
The incidence of irreversible retinal toxicity in patients
treated  with  hydroxychloroquine: ~a  reappraisal.
Ophthalmology 110: 1321-1326, 2003.

32. Marmor M, Kellner U, Lai T, Melles R, Mieler
W, American  Academy  of  Ophthalmology.
Recommendations on screening for chloroquine and
hydroxychloroquine  retinopathy (2016  Revision).
Ophthalmology 123: 1386-1394, 2016.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 4 / 2017 375




