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Opinion statement

Therapeutic applications for hydroxychloroquine, a quinine compound originally used as
an anti-malarial, have evolved and expanded over the years to include the treatment of
autoimmune rheumatic diseases. In systemic lupus erythematosus (SLE),
hydroxychloroquine has emerged as a cornerstone medication for not only mild disease
but also severe disease as adjunctive therapy. With the advent of highly effective biologic
disease-modifying agents over the last two decades for treatment of rheumatoid arthritis
(RA), hydroxychloroquine’s future in RA is less clear. However, hydroxychloroquine’s
pleiotropic benefits in rheumatic diseases have been increasingly recognized, supporting
its place in the therapeutic armamentarium. These benefits include but are not limited to
its beneficial impact on glycemic and lipid profiles and its anti-thrombotic effects. These
are of major significance in light of the great burden of cardiovascular morbidity and
mortality in patients with lupus and RA. This relatively safe, inexpensive, and generally
well-tolerated medication’s uncommon but serious risk is retinal toxicity which can be
minimized by following screening and monitoring guidelines and using appropriate
weight-based dosage. In this review article, we present an overview of
hydroxychloroquine’s potential role beyond its anti-rheumatic benefits.

Introduction

First developed in Central America in the 1700s as a called quinacrine. During World War 1I, allied soldiers
quinine compound from cinchona bark extract, this noticed improvement in their rashes and inflammatory
agent’s first use was as a weapon against malaria. Its arthritis after utilizing quinacrine for long-term malaria
rheumatologic debut began as a synthetic compound prophylaxis [1]. Since 1953, its modern synthetic
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quinine derivatives, namely chloroquine and
hydroxychloroquine, have been most widely used.
Hydroxychloroquine, a refined version of chloroquine,
is known to have a lower risk of retinopathy, hence its
preferential use in lieu of chloroquine in the USA.

Hydroxychloroquine contains a hydroxyl group side
chain in addition to the two carbon rings of chloro-
quine. Chloroquine and hydroxychloroquine increase
pH within intracellular lysosomes leading to diminished
proteolysis, intracellular processing, glycosylation, and
protein secretion [2, 3]. Its anti-inflammatory properties
are recently proposed to be due to interference with
antigen processing in macrophages and other antigen
presenting cells, potentially via the Toll-like receptor 9
pathway [4].

Current use in RA and SLE

Today, hydroxychloroquine remains an integral
standard of care for cutaneous and arthritic manifesta-
tions of systemic lupus erythematosus (SLE) and in
mild rheumatoid arthritis (RA). It is frequently com-
bined with other anti-rheumatic drugs in more aggres-
sive disease. The pleiotropic effects of this cost effective
and relatively well-tolerated medication have been
studied in relation to glucose, lipids, and thrombosis
in RA and SLE where cardiovascular disease is a major
cause of death. The potential therapeutic role of
hydroxychloroquine in multiple medical disciplines
beyond RA and SLE has also been extensively studied.

In this clinical review, we report the benefits of
hydroxychloroquine beyond its use in mild rheumatic
disease.

Hydroxychloroquine is known to be moderately efficacious with low toxic-
ity in the treatment of RA [5-8]. Its use in RA beyond mild disease has been
endorsed by the American College of Rheumatology in the 2012 Update of
Recommendations for Use of DMARDs in Treatment of RA [9]. Specifically,
use of hydroxychloroquine has been recommended as part of the disease-
modifying anti-rheumatic drug (DMARD) combination therapy (including
double and triple therapy combinations with methotrexate and
sulfasalazine) in RA with moderate to high disease activity or RA unrespon-
sive to DMARD monotherapy. Triple therapy has been shown to be superior
to DMARD monotherapy [10, 11] and, in some studies, comparable to the
addition of biologics to methotrexate in those that are unresponsive to
methotrexate monotherapy [12, 13].

In SLE, hydroxychloroquine has emerged as a cornerstone therapy that is
given to all patients with cutaneous and arthritic symptoms. It is also
considered part of the regimen for severe lupus. The first randomized con-
trol trial of efficacy of hydroxychloroquine in SLE was the Canadian
Hydroxychloroquine Study Group which showed a lower rate of SLE flares
and lower rate of severe flares in the hydroxychloroquine users [14ee]. This
was subsequently confirmed in other randomized controlled trials and
observational studies [15-17]. In lupus nephritis, its use has been associated
with a higher rate of sustained remission [18], a higher rate of membranous
lupus nephritis remission [19], and a lower prevalence of new renal disease
[20]. It has been studied in lupus during pregnancy and associated with a
lower lupus activity [21-23]. Some studies have shown decreased end-organ
damage [24, 25] and enhanced survival [20, 26, 27] with its use in SLE.
Hydroxychloroquine is also used as adjunctive treatment in Sjogren’s syn-
drome and is a part of the European League Against Rheumatism (EULAR)
recommendations for use as adjunctive treatment for chronic calcium pyro-
phosphate deposition (CPPD) arthropathy [28].
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Effects on lipid profile
- 0000000000000

In RA and SLE, cardiovascular disease is a leading cause of death, and DMARDs
have been studied in an effort to mitigate this cardiovascular risk, with attention
to its favorable effect on individual cardiovascular risk factors.
Hydroxychloroquine use has been associated with a more favorable lipid
profile in several cross-sectional studies. One of the earliest studies was by
Wallace et al. in 1990, who studied the effects of hydroxychloroquine on lipids
in RA and lupus and found its use to be associated with low levels of triglycer-
ides, low density lipoproteins (LDL), and total cholesterol irrespective of con-
comitant steroid use [29]. In a longitudinal observational study, Morris et al.
found hydroxychloroquine use in their RA cohort of 706 patients to be inde-
pendently associated with a significant decrease in LDL, total cholesterol, LDL/
HDL, and total cholesterol/HDL [30ee]. Hydroxychloroquine users had LDL
levels that were 7.55 mg/dl lower than non-hydroxychloroquine users, adjusted
for multiple variables known to affect lipids, including use of steroids and
statins. In a 16-week randomized blinded cross-over trial of 23 RA patients,
Solomon and colleagues subsequently showed that hydroxychloroquine re-
duced total and LDL cholesterol by 12.7 and 12.4 mg/dl, respectively [31].
These changes were small but statistically significant, and the
hydroxychloroquine benefit was not sustained during an 8-week crossover to
placebo. Similar changes have been observed in the Veterans Affairs RA patient
cohort; hydroxychloroquine use of at least 3 months’ duration was associated
with better lipid profiles irrespective of disease activity or statin use [32]. Studies
on the effects of hydroxychloroquine on lipids are summarized in Table 1.

Table 1. Effects of hydroxychloroquine on lipids

Outcomes
Levels of cholesterol,
triglycerides, HDL, and LDL

Reference
Wallace et al.[29]

Type of study

Cross-sectional study
of RA or SLE patients
(n=155)

Observational cohort
of RA (n=706)

Morris et al. [30] Levels of total cholesterol,

LDL, HDL, and triglycerides

16-week randomized
blinded cross-over
trial of RA patients
(n=23)

Observational Veterans
Affairs Rheumatoid
Arthritis cohort
(n=788)

Solomon et al. [31] Insulin sensitivity index
(ISI) and total cholesterol,
HDL, calculated LDL, and
triglycerides

Direct comparisons of lipid
values in HCQ users and

non-users

Kerr et al. [32]

Findings

Patients treated with HCQ had
significantly lower levels of
cholesterol, triglycerides,
and LDL

Significant decrease in LDL,
total cholesterol, LDL/HDL,
and total cholesterol/HDL
with HCQ use

HCQ reduced total and LDL
cholesterol by 12.7 and
12.4 mg/dl, respectively

HCQ use of at least 3 months’
duration was associated
with better lipid profiles
(total cholesterol:HDL and
HDL:LDL ratios)

RA rheumatoid arthritis, SLE systemic lupus erythematosus, HDL high density lipoprotein, LDL low density lipoprotein, H(Q hydroxychloroquine
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These observations support hydroxychloroquine’s potential to favorably
affect lipid profiles and ultimately diminish cardiovascular risk in patients with
rheumatic diseases.

Effects on glucose

Type 2 diabetes mellitus (T2DM) has approached epidemic proportions in the
USA. The tremendous burden of T2DM and associated atherosclerosis in the
general population has sparked keen interest in studying effective glucose
control and cardiovascular risk reduction in rtheumatic diseases as well. Wasko
et al. were the first to report a protective relationship between
hydroxychloroquine and incident diabetes in the Arthritis, Rheumatism, and
Aging Medical Information Systems (ARAMIS) adult RA cohort [33ee]. In this
21.5 year observational study, long-term use (>4 years) of hydroxychloroquine
is associated with a 77 % reduction in the risk of developing diabetes in patients
with RA. In RA and lupus patients with established diabetes, initiation of
hydroxychloroquine at a dose typically based on ideal body weight (<6.5 mg/
kg/day, or 400 mg daily) is associated with a mean reduction in HbAlc of
0.66 % [34].

Hydroxychloroquine’s glycemic benefits have also been studied in the gen-
eral population. Two small double-blind placebo-controlled trials lasting 6 and
18 months report use of high dose hydroxychloroquine (600 mg daily) as a
useful adjunct therapy in patients with T2DM [35ee, 36]. Subsequently, a 6-
week open-label study of 13 obese non-diabetic patients receiving
hydroxychloroquine 6.5 mg/kg/day reported a statistically significant improve-
ment in insulin sensitivity [37]. Studies on the effects of hydroxychloroquine on
glycemic profile are summarized in Table 2.

Collectively, these observational studies suggest that hydroxychloroquine
attenuates the risk of diabetes and may improve diabetic glycemic control in
patients with rtheumatic diseases. It is a relatively safe, generically available
treatment option that also affects cardiovascular risk factors like dyslipidemia,
thereby reducing the risk of microvascular complications of T2DM.

Concerns about retinal toxicity of hydroxychloroquine in diabetes, a disease
complicated by microvascular retinopathy in patients with poor glycemic con-
trol, have prevented it from becoming a mainstream anti-diabetic agent. Of
note, this toxicity is a cumulative effect of dose and duration, particularly use of
hydroxychloroquine at higher than recommended doses [i.e., >6.5 mg/kg of
ideal body weight] and can be minimized by following screening and moni-
toring guidelines. No increase in risk of retinal toxicity with
hydroxychloroquine has been noted in diabetic patients taking this medication.

Effects on thrombosis

Assessment of the effect of hydroxychloroquine on platelet aggregation was
studied in vitro in the early 1960s by Madow who reported that
hydroxychloroquine decreased red blood cell “sludging” [38] and then by Born
and Cross who reported a statistically significant reduction in platelet aggrega-
tion using adenosine diphosphate as the initiating agent [39]. Subsequently,
clinical studies in the 1970s indicated that in perioperative general surgery and
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Table 2. Effects of hydroxychloroquine on glycemic profile

Reference
Quatraro et al.
[36]

Gerstein et al.
[35]

Wasko et al.
[33]

Rekedal et al.
[34]

Mercer et al.
[37]

Type of study

Prospective, randomized,
placebo, double-blind trial
of HCQ in decompensated,
treatment-refractory
diabetes (n=38)

Randomized controlled trial of
HCQ in sulfonylurea-refractory
patients with poorly controlled
diabetes (n=135)

Arthritis, Rheumatism, and Aging
Medical Information Systems
(ARAMIS) adult RA observational
cohort (n=4905) over 21.5 years

Observational study of patients
with pre-existing diabetes and
rheumatic illness starting HCQ
(n=45)

6-week open-label longitudinal
study of obese non-diabetic
patients (n=13)

Outcomes

Changes in glucose
profile and HbA1c
over 6 months

Changes in HbA1c over
18 months

Incident diabetes
(self-reported or
hypoglycemic
medication use)

Changes in HbA1c
within 12 months

Insulin sensitivity index,
insulin resistance, and
insulin secretion

HbA1c glycated hemoglobin, HCQ hydroxychloroquine, RA rheumatoid arthritis

Findings

HCQ group had a glucose profile
decrease of 11.7 mmol/l and
HbA1c decrease of 3.3 %

HCQ decreased HbA1lc by 1.02 %
and improved glucose tolerance

Long-term use (>4 years) of HCQ
was associated with a 77 %
reduction in the risk of
developing diabetes

HCQ use associated with a mean
reduction in HbA1c of 0.66 %

HCQ use for 6 weeks associated
with significant increase in
insulin sensitivity and trends
toward reduced insulin
resistance

hip arthroplasty patients, hydroxychloroquine reduced the risk of venous
thromboembolic events [40, 41]. The daily dosage (600-1200 mg) studied
was too high to be considered as a long-term prophylaxis option due to the
concern of retinopathy. Based on hydroxychloroquine’s postulated antiplatelet
effects, and aspirin’s impact on reducing cardiovascular risk, a similar benefit
has been the subject of speculation in rheumatic disease patients.

Observational studies of hydroxychloroquine in lupus [42ee, 43] and in
lupus with anti-phospholipid syndrome (APS) reported that
hydroxychloroquine conferred a protective effect against arterial and venous
thrombosis, plaque development, and vascular remodeling [44, 45]. In those
with primary APS, hydroxychloroquine conferred protection against arterial
and venous thrombosis [46]. Studies on the effects of hydroxychloroquine on
thrombosis are summarized in Table 3.

The mechanism of this effect on thrombosis has also been studied.
Hydroxychloroquine treatment appears to reduce blood viscosity, red blood
cell sludging, and platelet aggregation [47-49], all of which may contribute to
the observed anti-thrombotic effects. In vitro experiments have shown that
chloroquine, the parental molecule of hydroxychloroquine, inhibits aggrega-
tion and release of arachidonic acid from platelets stimulated with agonists [50,
51]. Animal studies have shown that hydroxychloroquine decreases the size of
thrombus induced by anti-phospholipid antibodies (aPL) in mice [52].
Hydroxychloroquine can also reverse platelet activation induced by aPL in the
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Table 3. Effects of hydroxychloroquine on thrombosis

Reference Type of study
Carter et al. Randomized controlled series
[40] of patients having major

surgery (n=565 and n=52)

Johnson et al. Observational study patients
[41] undergoing total hip
arthroplasty (n=2144)

Wallace [43] Observational cohort of SLE
patients (n=92)

Petri [45] Hopkins lupus cohort, a
longitudinal cohort study
of over 2000 SLE patients
(35 % on HCQ)

Erkan et al. Cross-sectional study of

[46] asymptomatic aPL positive
patients (n=56)

Jung et al. Nested case-control study

[4200] embedded in an inception
cohort of patients with SLE
(n=162)

Outcomes
Post-operative DVT and PE
observed clinically
(1st series) and by
phlebography
(2nd series)
Post-operative clinical
diagnosis of PE

Thromboembolic events
(DVT and PE)

Prospective arterial and
venous thrombotic events

Vascular thrombosis events

Arterial and venous
thrombovascular events

Findings
Reduced incidence of post-operative
DVT and PE with use of HCQ

Incidence of fatal and non-fatal
post-operative PE with prophylactic
HCQ use was 0.28 and 4.15 %

Thromboembolic events had an
inverse association with
hydroxychloroquine use

HCQ use associated with reduced
thrombosis

HCQ use is protective against
arterial and venous thrombosis

Anti-malarial use associated with a
68 % reduction in the risk of all
thrombovascular events

DVT deep venous thrombosis, PE pulmonary embolism, HCQ hydroxychloroquine, aPL anti-phospholipid antibody, SLE systemic lupus erythe-

matosus

presence of suboptimal levels of a thrombin agonist [53]. Inhibition of GPIIb/
I11a expression, a marker of platelet activation, by hydroxychloroquine prevents
platelet-to-platelet aggregation through fibrinogen. Additionally,
hydroxychloroquine has been found to reduce the binding of aPL-p2GPI
complex to phospholipid surfaces [54] and thus protect against the disruption
of the anticoagulant shield of Annexin A5 [55], thereby decreasing the
thrombogenicity of platelets and vascular endothelial cells.

Miscellaneous effects
e

The anti-cancer effects of anti-malarials have been thought to stem from
their ability to suppress autophagy—a cancer survival pathway involved in
recycling byproducts of rapid turnover and allowing tumors to continue
rapidly dividing. By inhibiting autophagosome fusion and degradation [56,
57] and manipulating the autophagy pathway, hydroxychloroquine may
help potentiate the effects of other antineoplastic agents and improve
clinical outcomes in treatment of cancer. The utility of hydroxychloroquine
in an antineoplastic setting is the current topic of investigation in over 30
phase I and II clinical trials [https://clinicaltrials.gov/]. In one randomized,
double-blind, placebo-controlled trial, there was a median 11 to 24 months
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increased survival in patients with glioblastoma multiforme when chloro-
quine was added to standard chemotherapy [58]. In an ongoing investiga-
tion, imatinib with hydroxychloroquine is better at reducing the number of
residual leukemia cells than imatinib alone [59]. In an observational pro-
spective study of 235 lupus patients, Ruiz et al. raised the hypothesis of a
protective action of anti-malarials against cancer by reporting a lower ad-
justed hazard ratio for cancer among anti-malarial users [60]. Other malig-
nancies where anti-malarials are being studied include prostate, Burkitt's
lymphoma, breast, and chronic lymphoid leukemia. In comparison to
standard dosing for rheumatoid patients (approximately 400 mg daily),
antineoplastic trials have utilized dosages above 600 mg daily, raising the
concern for potential retinal toxicity which requires close monitoring.

Beyond anti-malarial properties, hydroxychloroquine has been found to
have additional antimicrobial effects. This is of particular interest in the
treatment of theumatic disease as disease-modifying agents and glucocorti-
coids are well known to increase risk of infection. Prior use of
hydroxychloroquine in 206 patients diagnosed with lupus nephritis was
shown to result in significantly fewer infections (11 vs 29 %, p=0.006)
compared to those not on hydroxychloroquine, with no significant differ-
ence in oral steroid or cyclophosphamide use [61]. Several studies have
documented the effectiveness of hydroxychloroquine in the treatment of
HIV, likely stemming from its ability to regulate the immune response
through disruption of post-translational glycosylation thus decreasing in-
fectivity [62-64].

Additional benefit of hydroxychloroquine can be seen in a wide array of
dermatologic conditions often as first and second line therapies. By
blocking ultraviolet light, use of hydroxychloroquine can help protect
against skin lesions as first line treatment in SLE patients. In patients with
porphyria cutanea tarda where phlebotomy is ineffective,
hydroxychloroquine has been studied and found to be a useful adjunct
[65-67]. Improvement of skin manifestations in dermatomyositis [68, 69]
and sarcoidosis [70, 71] can be seen with hydroxychloroquine. Dermatol-
ogists continue to explore the role of hydroxychloroquine in polymorphous
light eruption, lichen planus, and disseminated granuloma annulare.

Toxicity, monitoring, and safety

Hydroxychloroquine is generally well tolerated and considered relatively safe.
Gastrointestinal intolerance, nightmares, and headaches may be a reason for
discontinuation in occasional patients. Skin hyperpigmentation, usually at sites
of prior trauma such as the shins, is a cosmetic issue noted commonly with
long-term use. Rare cases of neuromyopathy have been reported. Other less
common adverse effects include cytopenias and hepatotoxicity.

The retinal toxicity associated with hydroxychloroquine is recognized as
a side effect associated with long-term use and daily dosage >6.5 mg/kg of
ideal body weight (IBW) [72-74]. The exact mechanism of toxicity has not
been elucidated. Affinity for melanin-containing structures may explain its
retinal toxicity properties. Continuous exposure to the drug may lead to
ganglion cell degeneration and retinal pigmented epithelial atrophy,
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resulting in parafoveal thinning and loss of visual acuity, peripheral vision,
and/or night vision [75]. The characteristic bull’s eye maculopathy on
retinal exam is evident only in advanced cases of hydroxychloroquine
retinopathy and is typically associated with central vision loss, which is
often preceded by a loss of acuity, peripheral vision, and night vision. Early
on, a rare patient may note a paracentral scotoma that causes trouble with
reading as well as diminished color vision. Other rare ocular complications
include corneal deposits and posterior subcapsular cataracts reported with
chloroquine use. Differential diagnosis considered by an ophthalmologist
for bull’s eye maculopathy, especially if unilateral, are age-related macular
degeneration, benign concentric annular dystrophy, central areolar choroi-
dal dystrophy, chronic macular hole, cone and cone-rod dystrophies, and
Stargardt disease. Nevertheless, hydroxychloroquine must be stopped when
there is a suspicion of bull’s eye maculopathy.

Historical literature indicates that the risk of hydroxychloroquine retinal
toxicity is low in rheumatic disease patients when using relatively insensi-
tive screening tools. The largest study ever published to address the frequen-
¢y of hydroxychloroquine-related retinal complications is reassuring, indi-
cating a toxicity rate of <1 % in over 1200 patients followed longitudinally
[72]. However, toxicity detection was based solely on Humphrey 10-2
visual fields for retinal function and dilated retinal exams. These tools are
less sensitive than newer methods to reliably detect early toxicity, before
central vision becomes impaired. In subsequent observational studies of
rheumatic disease patients by Marmor et al., the rate of hydroxychloroquine
retinal toxicity was found to be more common than previously recognized
[7Gee, 77].

While visual field testing may suggest early toxicity, it can be challenging
to interpret because of variations in subject reliability and variability in
interpretation of results. More sensitive, objective screening tools are essen-
tial to detect earlier pathology before central vision loss occurs if
hydroxychloroquine-related visual impairment is to be avoided. The 2011
American Academy of Ophthalmology (AAO) screening guidelines for
hydroxychloroquine retinal toxicity recommend baseline assessment with
Spectral Domain Optical Coherence Tomography (SD-OCT), multi-focal
electroretinography (mfERG) or fundus autofluorescence (FAF), plus visual
fields and a complete eye examination [78ee]. These sensitive tools have
become more widely available in recent years and enhanced the ophthal-
mologist’s ability to detect early signs of retinal toxicity. In the absence of
unusual risk factors for toxicity, annual exams are advised after 5 years in
individuals with normal baseline evaluations. Factors associated with reti-
nal toxicity other than higher cumulative and daily dose include age above
60 years, use for more than 5 years, underlying retinal disease, and renal or
hepatic impairment. Daily 400 mg dosing is ideal in individuals with height
>160 cm and IBW >60 kg, in whom dosing of <6.5 mg/kg/day based on IBW
is deemed preferable to minimize risk.

In pregnancy, hydroxychloroquine has been studied and found to be
safe and to have a beneficial effect on lupus activity [21-23]. It has been
found to reduce the risk of fetal cardiac abnormalities in mothers positive
for SSA/SSB autoantibodies [79, 80]. It is regarded as safe for women to
continue during pregnancy and lactation [81].
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Conclusions

In summary, hydroxychloroquine has been studied and shown to have several
benefits beyond its traditional use in mild rheumatic diseases. In light of the
pleiotropic benefits outlined above, we hope to re-establish
hydroxychloroquine as a cornerstone medication to benefit rheumatic disease
patients. These benefits include, but are not limited to, a favorable glycemic
profile, a less atherogenic lipid profile, and anti-thrombotic properties. It is thus
conceivable that hydroxychloroquine could potentially help lower cardiovas-
cular risk in rheumatic disease patients, a population with known high cardio-
vascular morbidity and mortality. This subject is of particular interest and is
being studied by the authors. Given the relative safety, low cost, and the
biologic plausibility of beneficial effect on cardiovascular risk factors reviewed
in this article, investigation of this agent in a randomized study for prophylaxis
against cardiovascular disease is conceivable. While acknowledging and further
exploring these benefits, the risk of hydroxychloroquine-induced retinopathy
can and should be minimized by following appropriate screening guidelines.

Acknowledgments

We would like to acknowledge the contribution of Dr. Kelly Shields and Dr. Chau-Ching Liu, research scientists
in the Lupus Center of Excellence and Allegheny Singer Research Institute, toward the anti-thrombotic
mechanism of action.

Compliance with Ethics Guidelines

Conflict of Interest
Tarun S. Sharma declares that he has no conflict of interest. Erika Joyce declares that she has no conflict of interest.
Mary Chester M. Wasko declares that she has no conflict of interest.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

References and Recommended Reading

Papers of particular interest, published recently, have been

highlighted as:

oo Of major importance

1. Page F. Treatment of lupus erythematosus with exogenous and endogenous proteins in mouse perito-
mepacrine. Lancet. 1951;2(6687):755-8. neal macrophages. J Cell Biol. 1986;102(3):959-66.

2. Ohkuma S, Chudzik J, Poole B. The effects of basic 3. Oda K et al. Effects of weakly basic amines on proteo-

substances and acidic ionophores on the digestion of lytic processing and terminal glycosylation of secretory



10 Lupus (S Manzi, Section Editor)

proteins in cultured rat hepatocytes. Biochem J.
1986;240(3):739-45.

4. Lafyatis R, York M, Marshak-Rothstein A. Antimalarial
agents: closing the gate on Toll-like receptors? Arthritis
Rheum. 2006;54(10):3068-70.

5. Blackburn Jr WD et al. Tenidap in rheumatoid arthritis.
A 24-week double-blind comparison with
hydroxychloroquine-plus-piroxicam, and piroxicam
alone. Arthritis Rheum. 1995;38(10):1447-56.

6. Clark P et al. Hydroxychloroquine compared with
placebo in rtheumatoid arthritis. A randomized con-
trolled trial. Ann Intern Med. 1993;119(11):1067-71.

7. Davis MJ et al. Should disease-modifying agents be
used in mild rheumatoid arthritis? Br ] Rheumatol.
1991;30(6):451-4.

8. Group THS. A randomized trial of hydroxychloroquine
in early rheumatoid arthritis: the HERA Study. Am ]
Med. 1995;98(2):156-68.

9. Singh JA et al. 2012 update of the 2008 American
College of Rheumatology recommendations for the
use of disease-modifying antirheumatic drugs and bi-
ologic agents in the treatment of rheumatoid arthritis.
Arthritis Care Res (Hoboken). 2012;64(5):625-39.

10. O'Dell JR et al. Treatment of rheumatoid arthritis with
methotrexate alone, sulfasalazine and
hydroxychloroquine, or a combination of all three
medications. N Engl ] Med. 1996;334(20):1287-91.

11. O'Dell JR et al. Treatment of rheumatoid arthritis with
methotrexate and hydroxychloroquine, methotrexate
and sulfasalazine, or a combination of the three med-
ications: results of a two-year, randomized, double-
blind, placebo-controlled trial. Arthritis Rheum.
2002;46(5):1164-70.

12. O'Dell JR et al. Therapies for active rheumatoid arthritis
after methotrexate failure. N Engl ] Med.
2013;369(4):307-18.

13. Moreland LW et al. A randomized comparative effec-

tiveness study of oral triple therapy versus etanercept

plus methotrexate in early aggressive rheumatoid ar-
thritis: the treatment of Early Aggressive Rheumatoid

Arthritis Trial. Arthritis Rheum. 2012;64(9):2824-35.

Group T.C.H.S. A randomized study of the effect of

withdrawing hydroxychloroquine sulfate in systemic

lupus erythematosus. N Engl ] Med. 1991;324(3):150-

4.

The Canadian Hydroxychloroquine Study Group was the first

randomized control trial of the efficacy of hydroxychloroquine

in SLE which showed a lower rate of SLE flares and lower rate of
severe flares in the hydroxychloroquine users.

15. Meinao IM et al. Controlled trial with chloroquine
diphosphate in systemic lupus erythematosus. Lupus.
1996;5(3):237-41.

16.  Tsakonas E et al. A long-term study of
hydroxychloroquine withdrawal on exacerbations in
systemic lupus erythematosus. The Canadian
Hydroxychloroquine Study Group. Lupus.
1998;7(2):80-5.

17. Costedoat-Chalumeau N et al. Low blood concentra-
tion of hydroxychloroquine is a marker for and

14.00

predictor of disease exacerbations in patients with sys-
temic lupus erythematosus. Arthritis Rheum.
2006;54(10):3284-90.

18. Barber CE, Geldenhuys L, Hanly JG. Sustained
remission of lupus nephritis. Lupus.
2006;15(2):94-101.

19. Kasitanon N et al. Hydroxychloroquine use predicts
complete renal remission within 12 months among
patients treated with mycophenolate mofetil therapy
for membranous lupus nephritis. Lupus.
2006;15(6):366-70.

20. Shinjo SK et al. Antimalarial treatment may have a
time-dependent effect on lupus survival: data from a
multinational Latin American inception cohort. Ar-
thritis Rheum. 2010;62(3):855-62.

21. Cortes-Hernandez J et al. Clinical predictors of fetal
and maternal outcome in systemic lupus erythemato-
sus: a prospective study of 103 pregnancies. Rheuma-
tology (Oxford). 2002;41(6):643-50.

22. Levy RA et al. Hydroxychloroquine (HCQ) in lupus
pregnancy: double-blind and placebo-controlled
study. Lupus. 2001;10(6):401-4.

23. Clowse ME et al. Hydroxychloroquine in lupus preg-
nancy. Arthritis Rheum. 2006;54(11):3640-7.

24, Fessler BJ et al. Systemic lupus erythematosus in three
ethnic groups: XVI. Association of hydroxychloroquine
use with reduced risk of damage accrual. Arthritis
Rheum. 2005;52(5):1473-80.

25.  Molad Y et al. Protective effect of hydroxychloroquine
in systemic lupus erythematosus. Prospective long-
term study of an Israeli cohort. Lupus.
2002;11(6):356-61.

26.  Alarcon GS et al. Effect of hydroxychloroquine on the
survival of patients with systemic lupus erythematosus:
data from LUMINA, a multiethnic US cohort (LUMINA
L). Ann Rheum Dis. 2007;66(9):1168-72.

27. Ruiz-Irastorza G et al. Effect of antimalarials on
thrombosis and survival in patients with systemic lu-
pus erythematosus. Lupus. 2006;15(9):577-83.

28. Zhang W et al. EULAR recommendations for calcium
pyrophosphate deposition. Part II: management. Ann
Rheum Dis. 2011;70(4):571-5.

29. Wallace DJ et al. Cholesterol-lowering effect of

hydroxychloroquine in patients with rheumatic dis-

ease: reversal of deleterious effects of steroids on lipids.

Am ] Med. 1990;89(3):322-6.

Morris §J et al. Hydroxychloroquine use associated

with improvement in lipid profiles in rheumatoid ar-

thritis patients. Arthritis Care Res (Hoboken).
2011;63(4):530-4.

This observational cohort of 706 RA patients measured levels

of total cholesterol, LDL, HDL, and triglycerides in

hydroxychloroquine users and found significant decrease in

LDL (7.55 mg/dl lower), total cholesterol, LDL/HDL, and total

cholesterol/HDL with hydroxychloroquine use after adjusting

for steroid and statin use among other variables.

31. Solomon DH et al. Effect of hydroxychloroquine on
insulin sensitivity and lipid parameters in rheumatoid
arthritis patients without diabetes mellitus: a

30.00



Anti-malarials: Are There Benefits Beyond Mild Disease?

Sharma et al. 11

randomized, blinded crossover trial. Arthritis Care Res
(Hoboken). 2014;66(8):1246-51.

32. Kerr G et al. Associations of hydroxychloroquine use
with lipid profiles in rheumatoid arthritis: pharmaco-
logic implications. Arthritis Care Res (Hoboken).
2014;66(11):1619-26.

33.ee¢  Wasko MC et al. Hydroxychloroquine and risk of dia-
betes in patients with theumatoid arthritis. JAMA.
2007;298(2):187-93.

In the ARAMIS [Arthritis, Rheumatism, and Aging Medical

Information Systems] observational trial of 4905 adult RA

patients, incident diabetes (self-reported or hypoglycemic

medication use) was measured over a 21.5 year period and the
authors found that long-term use (>4 years) of
hydroxychloroquine was associated with a 77% reduction in
the risk of developing diabetes.

34. Rekedal LR et al. Changes in glycosylated hemoglobin

after initiation of hydroxychloroquine or methotrexate

treatment in diabetes patients with rheumatic diseases.

Arthritis Rheum. 2010;62(12):3569-73.

Gerstein HC et al. The effectiveness of

hydroxychloroquine in patients with type 2 diabetes

mellitus who are refractory to sulfonylureas—a ran-
domized trial. Diabetes Res Clin Pract.
2002;55(3):209-19.

In this randomized controlled trial of hydroxychloroquine in

135 sulfonylurea-refractory patients with poorly controlled

diabetes, the authors measured changes in HbA1lc over 18

months and found that hydroxychloroquine decreased HbA1c

by 1.02% and improved glucose tolerance.

36. Quatraro A et al. Hydroxychloroquine in decompen-
sated, treatment-refractory noninsulin-dependent dia-
betes mellitus. A new job for an old drug? Ann Intern
Med. 1990;112(9):678-81.

37. Mercer E et al. Hydroxychloroquine improves insulin
sensitivity in obese non-diabetic individuals. Arthritis
Res Ther. 2012;14(3):R135.

38. Madow BPM. Use of antimalarial drugs as
“desludging” agents in vascular disease processes.
JAMA. 1960;172:1630.

39. Born G, Cross M. The aggregation of blood platelets. ]
Physiol. 1963;168(1):178-95.

40. Carter AE, Eban R, Perrett RD. Prevention of postoper-
ative deep venous thrombosis and pulmonary embo-
lism. Br Med J. 1971;1(5744):312-4.

41. Johnson R, Charnley J. Hydroxychloroquine in
prophylaxis of pulmonary embolism following hip
arthroplasty. Clin Orthop Relat Res.
1979;144:174-7.

42.ee Jung H et al. The protective effect of antimalarial drugs
on thrombovascular events in systemic lupus erythe-
matosus. Arthritis Rheum. 2010;62(3):863-8.

This nested case-control study embedded in an inception

cohort of 162 patients with SLE showed that anti-malarial use

was associated with a 68% reduction in the risk of all
thrombovascular events (arterial and venous).

43.  Wallace DJ. Does hydroxychloroquine sulfate prevent
clot formation in systemic lupus erythematosus? Ar-
thritis Rheum. 1987;30(12):1435-6.

35.00

44.

45.

40.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Belizna CC et al. Insights into atherosclerosis therapy in
antiphospholipid syndrome. Autoimmun Rev.
2007;7(1):46-51.

Petri M. Hydroxychloroquine use in the Baltimore Lu-
pus Cohort: effects on lipids, glucose and thrombosis.
Lupus. 1996;5 Suppl 1:S16-22.

Erkan D et al. A cross-sectional study of clinical
thrombotic risk factors and preventive treatments in
antiphospholipid syndrome. Rheumatology (Oxford).
2002;41(8):924-9.

Cecchi E, Ferraris F. Desludging action of
Hydroxychloroquine in RA. Acta Rheumatol Scand.
1962;8(1-4):214-21.

Ernst E, Rose M, Lee R. Modification of transoperative
changes in blood fluidity by hydroxychloroquine: a
possible explanation for the drug's antithrombotic ef-
fect. Pharmatherapeutica. 1983;4(1):48-52.
Kinlough-Rathbone, R. The effects of some other drugs
on platelet function. in Platelets, Drugs and Thrombo-
sis: Proceedings of a Symposium Held at McMaster
University, Hamilton, Ont., October 16-18, 1972.
1975. S Karger AG.

Jancinova V, Nosal R, Petrikovd M. On the inhibitory
effect of chloroquine on blood platelet aggregation.
Thromb Res. 1994;74(5):495-504.

Nosal R, Jan¢inova V, Petrikova M. Chloroquine in-
hibits stimulated platelets at the arachidonic acid
pathway. Thromb Res. 1995;77(6):531-42.

Edwards MH et al. Hydroxychloroquine reverses
thrombogenic properties of antiphospholipid anti-
bodies in mice. Circulation. 1997;96(12):4380-4.
Espinola RG et al. Hydroxychloroquine reverses
platelet activation induced by human IgG
antiphospholipid antibodies. Thromb Haemost.
2002;87(3):518-22.

Rand JH et al. Hydroxychloroquine directly reduces the
binding of antiphospholipid antibody-@2-glycopro-
tein I complexes to phospholipid bilayers. Blood.
2008;112(5):1687-95.

Rand JH et al. Hydroxychloroquine protects the
annexin A5 anticoagulant shield from disruption by
antiphospholipid antibodies: evidence for a novel ef-
fect for an old antimalarial drug. Blood.
2010;115(11):2292-9.

Poole B, Ohkuma S. Effect of weak bases on the
intralysosomal pH in mouse peritoneal macrophages. J
Cell Biol. 1981;90(3):665-9.

Nilsson JR. Does chloroquine, an antimalarial drug,
affect autophagy in Tetrahymena pyriformis? J
Protozool. 1992;39(1):9-16.

Sotelo J, Briceno E, Lopez-Gonzalez M. Adding chlo-
roquine to conventional chemotherapy and radiother-
apy for glioblastoma multiforme. 2006.
Mukhopadhyay A et al. Hydroxychloroquine for
chronic myeloid leukemia: complete cure on the hori-
zon? Expert Rev Hematol. 2011;4(4):369-71.
Ruiz-Irastorza G et al. Antimalarials may influence the
risk of malignancy in systemic lupus erythematosus.
Ann Rheum Dis. 2007;66(6):815-7.



12

Lupus (S Manzi, Section Editor)

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Sis6 A et al. Previous antimalarial therapy in patients
diagnosed with lupus nephritis: influence on outcomes
and survival. Lupus. 2008;17(4):281-8.

Sperber K et al. Hydroxychloroquine treatment of pa-
tients with human immunodeficiency virus type 1.
Clin Ther. 1995;17(4):622-36.

Sperber K et al. Comparison of hydroxychloroquine
with zidovudine in asymptomatic patients infected
with human immunodeficiency virus type 1. Clin Ther.
1997;19(5):913-23.

Paton N, Aboulhab J. Hydroxychloroquine, hy-
droxyurea and didanosine as initial therapy for HIV-
infected patients with low viral load: safety, efficacy
and resistance profile after 144 weeks. HIV Med.
2005;6(1):13-20.

Malkinson FD, Levitt L. Hydroxychloroquine treatment
of porphyria cutanea tarda. Arch Dermatol.
1980;116(10):1147-50.

Ashton RE, Hawk JL, Magnus IA. Low-dose oral chlo-
roquine in the treatment of porphyria cutanea tarda. Br
J Dermatol. 1984;111(5):609-13.

Petersen CS, Thomsen K. High-dose
hydroxychloroquine treatment of porphyria cutanea
tarda. ] Am Acad Dermatol. 1992;26(4):614-9.

Woo TY et al. Cutaneous lesions of dermatomyositis
are improved by hydroxychloroquine. ] Am Acad
Dermatol. 1984;10(4):592-600.

Quain RD, Werth VP. Management of cutaneous der-
matomyositis: current therapeutic options. Am J Clin
Dermatol. 2006;7(6):341-51.

Shaffer B, Cahn MM, Levy EJ. Sarcoidosis apparently
cured by quinacrine (atabrine) hydrochloride. AMA
Arch Dermatol Syphilol. 1953;67(6):640-1.

Modi S, Rosen T. Micropapular cutaneous sarcoidosis:
case series successfully managed with
hydroxychloroquine sulfate. Cutis. 2008;81(4):351-4.
Levy G et al. Incidence of hydroxychloroquine reti-
nopathy in 1207 patients in a large multicenter out-
patient practice. Arthritis Rheum. 1997;40(8):1482-6.
Mackenzie AH. Dose refinements in long-term therapy
of rheumatoid arthritis with antimalarials. Am ] Med.
1983;75(1):40-5.

Rynes RI et al. Ophthalmologic safety of long-term
hydroxychloroquine treatment. Arthritis Rheum.
1979;22(8):832-6.

75. Kahn JB, Haberman ID, Reddy S. Spectral-domain
optical coherence tomography as a screening tech-
nique for chloroquine and hydroxychloroquine ret-
inal toxicity. Ophthalmic Surg Lasers Imaging.
2011;42(6):493-7.

76.ee  Wolfe F, Marmor MF. Rates and predictors of
hydroxychloroquine retinal toxicity in patients with
rheumatoid arthritis and systemic lupus erythemato-
sus. Arthritis Care Res. 2010;62(6):775-84.

Using newer methods to reliably detect early toxicity, before

central vision becomes impaired, the authors of this observa-

tional study of hydroxhloroquine using rheumatic disease pa-
tients found the rate of hydroxychloroquine retinal toxicity to
be higher than previously recognized and also reported risk
factors for retinopathy.

77. Melles RB, Marmor MF. The risk of toxic retinopathy in

patients on long-term hydroxychloroquine therapy.

JAMA Ophthalmol. 2014;132(12):1453-60.

Marmor MF et al. Revised recommendations on

screening for chloroquine and

hydroxychloroquine retinopathy. Ophthalmology.
2011;118(2):415-22.

The 2011 American Academy of Ophthalmology [AAQO]

screening guidelines for hydroxychloroquine retinal toxicity

recommend baseline assessment using sensitive techniques
like Spectral Domain Optical Coherence Tomography [SD-

OCT], multi-focal electroretinography [mfERG] or fundus au-

tofluorescence [FAF], plus visual fields and a complete eye

examination.

79. Izmirly PM, et al. Maternal use of hydroxychloroquine
is associated with a reduced risk of recurrent anti-SSA/
Ro associated cardiac manifestations of neonatal lupus.
Circulation, 2012: p. CIRCULATIONAHA.
111.089268.

80. Izmirly PM, et al. Evaluation of the risk of anti-SSA/Ro-
SSB/La antibody-associated cardiac manifestations of
neonatal lupus in fetuses of mothers with systemic
lupus erythematosus exposed to hydroxychloroquine.
Annals of the rheumatic diseases, 2010: p.
annrheumdis119263.

81. Motta M et al. Follow-up of infants exposed to
hydroxychloroquine given to mothers during
pregnancy and lactation. J Perinatol.
2005;25(2):86-9.

78.00



	Anti-malarials: Are There Benefits Beyond Mild Disease?
	Opinion statement
	Introduction
	Current use in RA and SLE
	Effects on lipid profile
	Effects on glucose
	Effects on thrombosis
	Miscellaneous effects
	Toxicity, monitoring, and safety
	Conclusions
	Acknowledgments
	Compliance with Ethics Guidelines
	References and Recommended Reading


