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Abstract

Objective. HCQ is an essential medication in SLE, proven to lengthen survival and reduce flares. Its use, how-

ever, is limited by its rare but severe ophthalmological complications. Here, we aimed to analyse factors associated

with HCQ retinopathy including HCQ blood levels.

Methods. This case–control study compared SLE patients with and without HCQ retinopathy, defined by abnormal

results for at least two of the following ophthalmological tests: automated visual fields, spectral-domain optical co-

herence tomography (SD-OCT), multifocal electroretinogram (mfERG) and fundus autofluorescence. We compared

clinical and laboratory findings to assess risk factors for HCQ retinopathy.

Results. The study included 23 patients with confirmed retinopathy (cases) and 547 controls. In the univariate

analysis, age (P<0.001), height (P¼ 0.045), creatinine clearance (P<0.001), haemoglobin concentration

(P¼0.01), duration of HCQ intake, (P< 0.001), higher cumulative HCQ dose (P< 0.001) and geographical origin

(West Indies and sub-Saharan Africa) (P¼0.007) were associated with the risk of retinopathy, while HCQ blood

levels were not. In the multivariate analysis, only cumulative dose (P¼0.016), duration of intake (P¼0.039), cre-

atinine clearance (P¼0.002) and geographical origin (P<0.0001, odds ratio 8.7) remained significantly associated

with retinopathy.

Conclusion. SLE patients on HCQ should be closely monitored for retinopathy, especially those from the West

Indies or sub-Saharan Africa, or with renal insufficiency, longer HCQ intake or a high cumulative dose. Although

reducing the daily dose of HCQ in patients with persistently high HCQ blood levels seems logical, these concentra-

tions were not associated with retinopathy in this study with controls adherent to treatment.
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Introduction

Medical use of HCQ continues to rise. It has a well-

established role in rheumatology, dermatology and in-

fectious diseases, as well as an emerging role in oncol-

ogy. It is recognized as an essential medication in SLE

and is considered among the safest anti-rheumatic

agents, with extremely rare serious side effects [1–4].

The most common adverse reactions are gastrointestinal

and cutaneous, and the most severe ophthalmological

and cardiac [2–4]. Despite its rarity, the clinical maculop-

athy known as bull’s eye lesion is a serious concern be-

cause there is little if any visual recovery after cessation

of the drug and sometimes vision loss even progresses

[5, 6].

Earlier literature on chloroquine or HCQ retinopathy

recognized only clinical maculopathy (bull’s eye lesion or

visual field loss), with incidence reported to range from

0% to 0.5% in large series [7–10]. The incidence is

higher for retinopathy detected at a very early stage, by

more sensitive screening techniques [11]. In a recent,

large study of patients treated with HCQ for >5 years,

according to pharmacy refill data, the prevalence of

early toxicity, defined by characteristic damage on auto-

mated visual field (AVF) testing or spectral-domain op-

tical coherence tomography (SD-OCT) before visible

signs, reached 7.5% but varied with daily consumption

[odds ratio (OR) 5.67, 95% CI: 4.14, 7.79 for >5.0 mg/

kg], duration of use (OR 3.22, 95% CI: 2.20, 4.70 for

>10 years), kidney disease (OR 2.08, 95% CI: 1.44,

3.01) and concurrent tamoxifen citrate therapy (OR 4.59,

95% CI: 2.05, 10.27) [12].

Measurements of HCQ blood levels are used increas-

ingly often in SLE patients, in particular to monitor and

improve adherence [13–16]. Low HCQ levels are a mark-

er and predictor of SLE exacerbation, with a target

blood level threshold of 1000 ng/ml [17]. The interindivid-

ual—but not the intraindividual—variability of HCQ levels

is substantial; that is, levels in a given (adherent) patient

vary only slightly, because of HCQ’s long elimination

half-life [18]. Higher HCQ levels have been statistically

associated with cutaneous hyperpigmentation lesions,

but the association is not considered clinically meaning-

ful as levels overlapped substantially between cases

and controls [19]. Higher HCQ levels have also been

associated with retinopathy in a small study [20] and in

a recent large clinical retrospective study of 537 SLE

patients [21]. To analyse the risk factors for retinal

toxicity, we conducted a case–control study comparing

23 SLE patients with HCQ retinopathy and 547 SLE

patients treated with HCQ but without retinopathy.

Patients and methods

This retrospective multicentre case–control study

included subjects followed at the four participating

centres (Cochin, Rothschild Foundation, Tenon, and in-

ternal medicine 2 Department at Pitié-Salpêtrière) with a

diagnosis of SLE according to the ACR classification cri-

teria [22] and treated with HCQ for at least 6 months.

Cases

Because the ophthalmological toxicity of chloroquine is

greater than that of HCQ [6, 23] and since most SLE

patients in France are treated with HCQ, we excluded

patients treated with chloroquine for >3 months. To

allow comparison with controls (see below), we also

excluded patients with calculated creatinine clearance

lower than 60 ml/min and those with liver failure.

Since there are no consensual criteria for diagnosis of

HCQ retinopathy, we chose a stringent definition requir-

ing abnormalities confirmed by at least two of the fol-

lowing functional or objective structural tests: automated

threshold central 10–2 VF, mfERG, SD-OCT and fundus

autofluorescence. Other causes of retinopathy were

excluded. The presence of bull’s eye maculopathy or

evident fundus changes was not mandatory, but was

reported if present. Cases were referred by clinical

physicians of the four participating centres and con-

firmed by two ophthalmologists (S.S. and E.B.) who in-

dependently reviewed all tests. The three patients from

Tenon Hospital have been previously reported (but with-

out details of their eye involvement) [20].

Control group

We used the patients included in the PLUS study be-

tween 2007 and 2010 (ClinicalTrials.gov, number

NCT00413361) as a control group. The PLUS study was

a randomized, double-blind, placebo-controlled, multi-

centre trial to evaluate the impact of HCQ dose adapta-

tion to its blood levels in SLE patients who had been

treated with HCQ for at least 6 months [24]. Relevant ex-

clusion criteria were known non-adherence, history of

retinopathy, calculated creatinine clearance lower than

60 ml/min and liver failure. Patients underwent

Rheumatology key messages

. SLE patients on hydroxychloroquine should be closely monitored for retinopathy, especially those with risk
factors.

. Risk factors for hydroxychloroquine retinopathy were intake duration, cumulative dose, geographical origin and
creatinine clearance.

. Hydroxychloroquine levels were not associated with retinopathy in this study with controls adherent to
treatment.

Tiphaine Lenfant et al.

2 https://academic.oup.com/rheumatology



retinopathy screening at baseline and were monitored

according to the recommendations. After contacting the

investigators and reviewing the data of all patients in

2018, we further excluded from the controls the patients

known to have developed HCQ retinopathy after their

participation in the PLUS study (n¼ 26). Three of these

patients had already been included among our cases

since they are treated in our centres. The diagnosis of

retinopathy in the other patients was based on reports

by their investigators; because complete ophthalmo-

logical data were usually not available for independent

review, those patients were not included in the cases.

Analysed data

We compared both groups for clinical and laboratory

data including gender, geographical origin, age at diag-

nosis, SLE criteria, kidney disease (estimated by the

Cockcroft–Gault equation), smoking status, other signs

of HCQ toxicity (skin pigmentation lesions, aquagenic

pruritus and cardiac toxicity), real and calculated ideal

weight, height, laboratory findings, SLEDAI score and

whole blood HCQ levels when available. These variables

were all assessed at the control subjects’ inclusion in

the PLUS study. One HCQ blood level measurement at

inclusion was accordingly available for each control sub-

ject. Variables for the case patients were assessed at

the last visit while receiving HCQ; the one exception

was HCQ levels, for which we included all available

measurements and then used the mean per patient. The

HCQ levels were determined as previously described

[17]. Ideal body weight was defined as 50 kg plus 2.3 kg

per inch (2.54 cm) over 5 feet (152.4 cm) for men and

45.5 kg plus 2.3 kg per inch over 5 feet for women [9].

Ethics

French patients are informed on their copies of their

medical records that their data may be used anonym-

ously for medical research, by retrospective chart

reviews. They can refuse at any moment by writing to

the department mentioned on the records. Patients in

the PLUS study provided written informed consent. A

French ethics committee (Rothschild Ophthalmologic

Foundation in Paris) approved this study in September

2018.

Statistical analysis

Conventional v2 and Fisher’s exact tests were used to

analyse qualitative differences, and the Mann–Whitney

test was used to compare the means in large independ-

ent samples of similar variance. A P-value <0.05 was

taken to indicate statistical significance. When several

independent variables appeared statistically significant

in the univariate analysis, a logistic regression test was

performed for multivariate analysis (backward condition-

al) to rule out possible confounding variables. In this

case, only those variables statistically significant in the

multivariate analysis were considered significant in the

study results. The OR was calculated to assess the risk

of appearance of each variable.

Results

Cases with HCQ retinopathy

The total number of referred cases was 39. After careful

review of all ophthalmological tests by our two reference

ophthalmologists, the diagnosis of HCQ retinopathy was

ruled out for eight patients, all considered to have an-

other cause of retinopathy. Six additional patients were

excluded because they had also been treated with

chloroquine and two because they had kidney disease

with clearance <60 ml/min. Finally, 23 SLE patients with

HCQ retinopathy met our inclusion criteria.

The median age at SLE diagnosis was 30 [interquartile

range (IQR): 20–42] years, and median age at discon-

tinuation of HCQ treatment because of the retinopathy

diagnosis 52 (41–59) years. The median cumulative dose

was 2338 (1403–3268) g and the median duration of use

16.2 (9–21.5) years. Exposure was recorded for 381.5

patient-years. One patient had been treated for <5 years

(4.59 years), six from 5–10 years and 16 for >10 years.

One patient had a first-degree atrioventricular block, but

none had confirmed HCQ cardiac toxicity. Only one pa-

tient (4.3%) had a cutaneous side effect of HCQ (skin

pigmentation). Twelve patients (52%) had had regular

HCQ blood level measurements, with a median of 7 (1–

12) results available per patient. Table 1 details the char-

acteristics of the cases.

As required by our criteria for HCQ retinopathy, all

patients had at least two pathological eye tests. No pa-

tient had a bull’s eye lesion, while 20 had typical auto-

mated visual field abnormalities (partial or full-ring

scotomas, mainly involving the parafoveal region), 19 typ-

ical mf-ERG abnormalities (decreased parafoveal

response amplitude), 16 typical abnormalities on the SD-

OCT (parafoveal thinning of the outer retinal layers) and

11 typical fundus autofluorescence abnormalities (parafo-

veal autofluorescence changes) (Fig. 1). All patients but

three had at least one abnormal functional and one ab-

normal structural test. The other three patients had func-

tional tests that were both pathological and typical

6 months apart, but no abnormalities on structural tests.

Control group

In 2018, among the 573 patients initially included in the

PLUS study, 26 (including three followed up in our

centres) had been diagnosed with possible HCQ retinop-

athy since the end of the study and were thus excluded

from the control group. The final number of SLE patients

without HCQ retinopathy (controls) was thus 547. The

median cumulative dose for the control patients was 884

(389–1551) g and their median duration of use 6.6 (2.7–

11.4) years. Median age at inclusion was 37.5 (30–47)

years and median age at last follow-up 46 (38–54) years.

Table 1 details the characteristics of the control patients

at inclusion in the PLUS Study.

Risk factors for hydroxychloroquine retinopathy in systemic
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Univariate comparison of groups

The characteristics of both groups are summarized in

Table 1. They did not differ for sex or SLE characteris-

tics, including for other SLE treatments (steroids and/or

immunosuppressive drugs). Geographical origin differed

significantly between the groups (P¼0.01) with more

patients from sub-Saharan Africa and the West Indies

among the cases than in the controls (respectively

39.1% vs 16.4%). Other patients were from Europe

(48% of cases vs 59% of controls), North Africa (0% vs

TABLE 1 Comparison of 23 SLE patients with HCQ retinopathy and 547 controls

HCQ retinopathy
(n 5 23)

Control(n 5 547) Pa Adjusted ORb

(95% CI)

Patients’ characteristics
Agec, median (IQR), years 52 (41–59) 37.5 (30–47) <0.001 1.067 (1.03, 1.1)
Female, n (%) 22 (96) 501 (92) 0.7 2 (0.26, 15.3)

Geographical origin, n (%)
Sub-Saharan Africa and West Indies (Antilles) 9 (39.1) 90 (16.5) 0.01 3.2 (1.37, 7.77)
Europe 11 (47.8) 322 (58.9)
North Africa 0 (0) 79 (14.4) 0.06
Asia 2 (8.7) 46 (8.4) 1

South America 1 (4.3) 0 (0)
Other 0 (0) 10 (1.9)

Tobacco smoker, n (%) 5 (22) 126 (23) 0.88
Weight, median (IQR), kg 59 (57–65) 62 (55–72) 0.32
BMI, median (IQR), kg/m2 23 (21–26) 23 (21–26) 0.9

Height, median (IQR), cm 160 (156–167) 164 (160–169) 0.045 0.94 (0.88, 0.99)
Laboratory findings

Creatinine clearance, median (IQR), ml/min 73 (64–88) 100 (80–121) <0.001 0.95 (0.93, 0.97)
Hb concentration, median (IQR), g/dL 12.3 (11.5–13.2) 13.3 (12.4–14.1) 0.01 0.66 (0.49, 0.89)
Leukocytes, median (IQR), G/L 4.8 (3.2–7.2) 6.1 (4.6–7.7) 0.077

Lymphocytes, median (IQR), G/L 1.34 (0.9–1.8) 1.36 (0.9–1.8) 0.8
Platelets, median (IQR), G/L 226 (205–280) 245 (209–291) 0.28

SLE characteristics

Age at SLE diagnosis, median (IQR), years 30 (20–42) 26 (21–36) 0.63
Previous SLE renal involvement, n (%) 9 (39) 142 (26) 0.16

Ever use of immunosuppressive drugs, n (%) 12 (52) 193 (36) 0.098
Associated APS, n (%) 3 (13) 87 (16) 0.78
SLEDAI, median (IQR) 0 (0–4) 2 (0–2) 0.48

Associated side effects
Aquagenic pruritus, n (%) 0 (0) 29 (5.3) 0.62

HCQ skin pigmentation, n (%) 1 (4.3) 38 (7) 1
Cardiac toxicity, n (%) 0 (0) NA

HCQ treatment

Daily HCQ dose per real body weight,
median (IQR), mg/kg/day

6.78 (6–7.1) 6.35 (5.3–7.3) 0.48

Daily dose per ideal body weight,
median (IQR), mg/kg/day

7.26 (6.6–7.9) 7 (6.4–7.6) 0.21

Daily HCQ dose
>6.5 mg/kg, n (%) 13 (57) 252 (46) 0.32

>5 mg/kg, n (%) 19 (83) 428 (78) 0.79
Duration of HCQ use, median (IQR), years 16.2 (9–21.5) 6.6 (2.7–11.4) <0.001 1.13 (1.07, 1.18)
Cumulative HCQ dose, median (IQR), g 2338 (1403–3268) 884 (389–1551) <0.001 1.001 (1.001, 1.001)
HCQ daily doses, median (IQR), mg/day 400 (400–400) 400 (400–400) 0.88

HCQ blood measurement

Blood HCQ level, median (IQR), ng/ml 944 (746–1199)
(n ¼ 12)

849 (623–1156) 0.46

HCQ level >1000 ng/ml, n (%) 6 (26) 210 (38) 0.23

Values with statistical significance are shown in bold. aUnivariate P-values. bAdjusted OR for age, sex and all variables
with P-values<0.05 in the univariate analysis. cAge was calculated when HCQ was stopped for patients with retinopathy

and at inclusion in the PLUS study for controls. APS: antiphospholipid syndrome; G/L: giga per litre; IQR: interquartile
range; NA: not available; OR: odds ratio; SLE: systemic lupus erythematosus according to the ACR classification
criteria [9].
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14%), Asia (8.7% vs 8.4%), South America (4.3% vs

0%) or other (0% vs 1.8%).

The median duration of HCQ therapy was more than

twice as long in the retinopathy group as among con-

trols, and the median cumulative dose of HCQ more

than twice as high (P<0.001 for both). Patients were

14.5 years older at the diagnosis of retinopathy than at

inclusion in the PLUS study (medians). Given the similar-

ity of age at SLE diagnosis in both groups, this disparity

probably reflects that duration of HCQ therapy (and/or

age) is a risk factor for retinopathy.

Case patients had a shorter height, and mean BMI

was very similar in both groups. Mean daily doses, re-

gardless of definition (real or ideal body weight), did not

FIG. 1 Typical HCQ retinopathy on screening tests

(A) Spectral-domain optical coherence tomography; (B) fundus autofluorescence; (C) automated visual field; (D) multi-

focal electroretinogram.

Risk factors for hydroxychloroquine retinopathy in systemic
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differ significantly, nor did the percentage of patients

prescribed high daily doses (>6.5 mg/kg).

Although we had excluded the two patients with kidney

disease, defined by creatinine clearance <60 ml/min (to

match the inclusion criteria in the PLUS study for the con-

trol group), the median creatinine clearance was quite

significantly lower in the retinopathy group [73 (64–88) ml/

min vs 100 (80–121) ml/min in the control group;

P<0.001]. Haemoglobin concentrations were also signifi-

cantly lower among case patients, but leucocyte, lympho-

cyte and platelet counts did not differ significantly.

Daily doses of HCQ did not differ between groups;

91.3% of the cases and 92.3% of the controls were on

HCQ at 400 mg/day. HCQ blood level measurements

were available for 12 patients (52.2%) with HCQ retinop-

athy and, by definition, for all controls. The number of

values in the cases ranged from 2 to 12 per patient. The

median (IQR) HCQ blood level was 944 (746–1199) ng/

ml in patients with HCQ retinopathy vs 849 (623–1156)

ng/ml in controls (P¼0.46).

To compare the groups in more detail, a secondary

analysis excluded control patients exposed to HCQ for

<4 years; the control group then comprised 357

patients, with 23 retinopathy cases (Supplementary

Table S1, available at Rheumatology online). The risk

factors already identified remained significantly associ-

ated with HCQ retinopathy, except for height, which no

longer differed between the groups.

Multivariate analysis

Finally, the multivariate analysis found that a higher cu-

mulative dose (P ¼ 0.012), longer use (P¼0.033), lower

creatinine clearance (P¼0.001), and geographical origin

from the West Indies or sub-Saharan Africa (P< 0.001,

OR¼ 8.6) were associated with HCQ retinopathy

(Table 2) whereas the associations with age, height and

haemoglobin were not significant. In the secondary ana-

lysis restricted to the 357 controls exposed to HCQ for

at least 4 years, these risk factors were still significantly

associated with retinopathy (Supplementary Table S2,

available at Rheumatology online).

Receiver operating characteristic curve analysis

Receiver operating characteristic curve analysis was

used to determine the area under the curve of the cu-

mulative HCQ dose associated with HCQ retinopathy

(Supplementary Fig. S1, available at Rheumatology on-

line). The optimal threshold was determined by the

Youden index [sensitivity – (1 � specificity)]. The thresh-

old value of 1450 g provided the best trade-off between

sensitivity (73.9%) and specificity (72.2%).

Discussion

In this case–control study, we describe a series of 23

SLE patients with definite HCQ retinopathy and compare

them with a large control group of SLE patients without

retinopathy. The univariate analyses showed that mean

age, duration of use, cumulative dose, height, calculated

creatinine clearance and haemoglobin concentration

were associated with HCQ retinopathy. In the multivari-

ate analysis, however, the only risk factors that

remained were duration of use, cumulative dose, cre-

atinine clearance and geographical origin.

These 23 patients were managed in four large centres,

and this small number confirms the rarity of HCQ retin-

opathy, especially when diagnosed according to strin-

gent criteria. Indeed, the incidence of HCQ retinopathy

depends on the screening tests used to diagnose it. A

comparison of 10 studies using older screening methods

and five studies using standard modern methods found

that the reported rate of HCQ retinopathy has increased

from 0.4–1.9% to 1.6–8% [25]. The main difficulty

encountered in our study was the absence of a consen-

sual definition for defining or diagnosing retinopathy, es-

pecially as more sensitive screening tests (mfERG, SD-

OCT) have become available. The American Academy of

Ophthalmology (AAO) recommendations for screening,

revised in 2016, call for both AVF and SD-OCT for rou-

tine primary screening because they are widely avail-

able, with mfERG and fundus autofluorescence

suggested as additional useful screening tests [26].

There is, however, no consensus on the number of tests

necessary to define retinopathy. Studies have used

many different definitions for HCQ retinopathy [7, 9, 27–

31]. In the pivotal 2014 study by Melles and Marmor, for

example, inclusion criteria only included a reliable cen-

tral visual field examination or SD-OCT [12]. We chose

to use stringent criteria that required that all patients

have at least two pathological screening tests. This

allowed us to exclude meaningless retinal changes that

may not develop towards toxicity. In addition, and as

TABLE 2 Multivariate analysis of HCQ retinopathy risk factors (backward conditional)

Risk factors HCQ retinopathy
(n 5 23)

Control
(n 5 547)

P

Creatinine clearance, median (IQR), ml/min 73 (64–88) 100 (80–121) 0.001
Duration of HCQ use, median (IQR), years 16.2 (9–21.5) 6.6 (2.7–11.4) 0.033
Cumulative HCQ dose, median (IQR), g 2338 (1403–3268) 884 (389–1,551) 0.012
Geographical origin from Sub-Saharan Africa and West Indies, n (%) 9 (39.1) 90 (16.4) <0.001 OR 8.6

Values with statistical significance are shown in bold. IQR: interquartile range.
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recommended by Marmor et al., all the tests were per-

formed by experienced staff in large clinical centres and

interpreted by ophthalmologists with expertise in retin-

opathy to rule out causes other than HCQ [26].

Duration of use (>5 years) is a well-known risk factor.

Consistent with this, all but one of our 23 patients with

retinopathy had been treated with HCQ for >5 years and

most (16/23) for >10 years. These findings are consist-

ent with the revised guidelines, which suggest screening

patients at baseline and after 5 years of treatment [26,

32] or sooner if they are at high risk, as was our patient

with toxicity at 4.59 years. Her daily dose was 400 mg

per day (6.25 mg/kg of real weight and 9.63 mg/kg of

ideal weight), and her cumulative dose 670 g. The only

risk factor for retinopathy in this patient was her short

stature (149 cm) and high BMI (29 kg/m2), which meant

that her daily dose was high (at least per ideal weight).

This raises questions about the safety of a dosage

based on actual weight in small patients, but the associ-

ation of short stature and retinopathy was no longer s-

ignificant in our secondary univariate analysis

(Supplementary Table S1, available at Rheumatology

online).

Daily dose in mg/kg is usually recognized as one of

the main risk factors for HCQ retinopathy. A cutoff of

6.5 mg/kg was proposed three decades ago [33],

chosen based on a very flawed study with substantial

bias. The author compared patients with HCQ retinop-

athy with a control group of 900 patients with a daily

HCQ <6.5 mg/kg/day among whom no retinopathy was

found [34]. He concluded that 6.5 mg/kg/day ‘lies below

the threshold at which retinal toxicity was found to de-

velop’. Given the rarity of HCQ retinopathy, however,

this result was to be expected. In 2011, the AAO recom-

mended that this daily dose be calculated using ideal

weight, given that overdosage is most likely to occur

with individuals of short stature and especially as it was

thought that HCQ is not retained in fat tissues; obese

patients might thus be seriously overdosed if medicated

on the basis of weight alone [5]. In 2014, a large study

[12] showed that the use of real weight was more effect-

ive in preventing ophthalmological toxicity and proposed

a cutoff of 5 mg/kg. The AAO followed that recommen-

dation in revising its recommendations [12, 26].

Importantly (and often overlooked), this study used phar-

macy data to calculate the doses patients actually used

(i.e. refill data about the doses dispensed in pharmacies

to the patient) rather than those prescribed by the phys-

ician [35]. In view of the rarity of 100% adherence, as

we have previously stated [26, 35], this cutoff is prob-

ably similar to the previous one (based on prescription)

or even less stringent. In any case, in our univariate ana-

lysis, the risk of retinopathy was not associated with the

daily dose, whether assessed by real or ideal weight.

Similarly, the proportions of patients with daily doses

higher than either 5 mg/kg or 6.5 mg/kg did not differ

significantly between the two groups.

Previous literature has described renal insufficiency as

an important risk factor for HCQ retinopathy. Although

our exclusion criteria prevent any definitive conclusion

about the role of renal insufficiency as such, creatinine

clearance was nonetheless significantly lower in cases

than in controls, including in the multivariate analysis.

Because creatinine clearance was calculated by the

Cockcroft–Gault equation and our case patients were

shorter, this difference might be overestimated and

should be cautiously interpreted. Interestingly, haemo-

globin concentrations were also significantly lower

among cases in this univariate analysis. To our know-

ledge, no previous reports describe this association. It

may be due to mild renal insufficiency, a hypothesis

supported by the disappearance of this association in

the multivariate analysis.

Our study is the first to describe geographical origin

as a risk factor for retinopathy: patients with darker skin

whose families came either from the West Indies (also

called the Antilles) or sub-Saharan Africa were at signifi-

cantly higher risk; the number of these subjects requires

that these results be interpreted with caution. In the re-

cent study of 23 cases of HCQ retinopathy, Petri et al.

did not find any statistical difference between white and

African American patients but other origins were not

studied [21]. The retinal topography of CQ and HCQ tox-

icity has been shown to differ between ethnic groups

(particularly between white and Asian patients). In Asian

subjects the first signs of toxicity appear more pericen-

tral with an extramacular pattern that can be missed by

the usual 10-degree AVF [36]. The pathophysiology of

these ethnic differences is currently unknown but may

be due to distinct genetic predispositions to CQ and

HCQ toxicity. We suggest adapting retinopathy screen-

ing to patients’ geographical original [closer monitoring

for patients from the West Indies and sub-Saharan

Africa and larger visual fields (30�) for Asian patients, as

recommended by Giocanti-Aurégan et al. [36]].

HCQ can be measured by HPLC in whole blood. We

have demonstrated that the blood level of HCQ is a

marker and predictor of SLE flares [17, 24]. Its link with

HCQ toxicity is less clear, however. We have shown an

association between higher HCQ blood concentrations

and skin pigmentation lesions in 24 patients, although

its clinical meaning is unclear in view of the wide over-

lap: 1190 (465–2229) ng/ml in cases vs 841 (0–3316) ng/

ml in controls, P¼0.008 [19]. One study has reported

that high HCQ levels are associated with gastrointestinal

but not ophthalmological side effects [37]. Data from a

recent retrospective study of 537 SLE patients treated

with HCQ have shown that HCQ blood levels are asso-

ciated with retinopathy [21]. By contrast, we found no

statistically significant difference between cases and

controls, with a mean HCQ level of 973 (351) ng/ml and

914 (454) ng/ml, respectively (P¼0.46). We hypothesize

that the discrepancies between these studies might be

explained by treatment adherence. In our experience,

and very logically, patients with confirmed HCQ retinop-

athy are usually among those who are adherent to treat-

ment and they may thus have higher blood levels of

HCQ than an unselected cohort of patients. The controls

Risk factors for hydroxychloroquine retinopathy in systemic
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in our study, however, must be considered adherent to

treatment since non-adherence was an exclusion criter-

ion in the PLUS study. Their HCQ blood levels were

thus probably higher than those of an unselected cohort

(as in [21]), which may explain why we did not find a dif-

ference between cases and controls, unlike Petri et al.

[21]. High cumulative levels of HCQ (>1500 ng/ml, for

example) probably show that patients are particularly

adherent to treatment and also possibly at higher risk of

HCQ retinopathy. Since lower blood levels have proven

to provide effective treatment, this might allow their daily

dose of HCQ to be reduced to avoid unnecessary risk.

Finally, none of our case patients had aquagenic prur-

itus or significant cardiac toxicity, two other markers of

HCQ toxicity, and only one had skin pigmentation, not

different from the control group. This finding does not

support a hypothesis that such pigmentation is a marker

for patients at risk of ocular side effects. It is thus con-

sistent with what we found when we studied 24 patients

with HCQ skin pigmentation [19].

The limitations of our study come mainly from its

retrospective nature. However, the rarity of HCQ retin-

opathy means that a prospective study is very unlikely

to be performed. For example, Grierson et al. prospect-

ively studied 758 patients for 10 years, without observing

any retinopathy [8]. A further limitation is the absence of

a consensual criterion for its diagnosis. To compensate

for these weaknesses, we used a stringent criterion for

diagnosing retinopathy, and two experienced ophthal-

mologists independently reviewed all screening tests.

Another type of case–control study could have included

only the PLUS patients and compared those with retin-

opathy at the end of the last follow-up with those with-

out it. However, full eye examinations were not available

everywhere for those with retinopathy, since PLUS was

a nationwide study and since the screening was done

locally. Although a detailed retinopathy monitoring was

not available in 2018 for all patients of the control group,

they all had an initial screening at inclusion and the

monitoring is usually done annually in French centres

and fully covered by the national health insurance fund.

In addition, in our experience, we believe that many of

the patients who reported retinopathy probably would

not have met our stringent criteria for retinopathy or

might have had a different cause. We nonetheless

decided to exclude every suspected case from the con-

trol group to decrease the risk of false negatives (con-

trols who might have developed retinopathy later). In

any case, the similar inclusion and exclusion criteria en-

sure comparability between the groups. Finally, we were

not able to assess the respective toxicity of chloroquine

since we excluded the six patients who had been

treated with chloroquine for >3 months. The high pro-

portion of patients on chloroquine in light of its rare use

for SLE treatment in France confirms that the ophthal-

mological toxicity of chloroquine is greater than that of

HCQ [6, 23].

In conclusion, duration of use, cumulative dose, cre-

atinine clearance and geographical origin (West Indies

and sub-Saharan Africa) were associated with HCQ ret-

inopathy, and patients with these risk factors probably

need closer monitoring. Although reducing the daily

dose of HCQ in patients with persistently high HCQ

blood levels seems logical, these concentrations were

not associated with retinopathy in this study with con-

trols adherent to treatment.
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