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Abstract

Objectives. We aimed to estimate the risk of HCQ retinopathy and its risk factors among incident users in the
community.

Methods. Using the Rochester Epidemiology Project, a record-linkage system, a cohort of incident users of HCQ
was identified from 27 counties in the American upper Midwest. HCQ retinopathy was defined based on character-
istic paracentral automated 10-2 visual field (10-2 AVF) defects and parafoveal retinal photoreceptor layer changes
on spectral domain optical coherence tomography. Cumulative incidence rates were estimated adjusting for com-
peting risk of death. Risk factors for HCQ retinopathy were examined using Cox models.

Results. The study included 634 incident HCQ users (mean age at initial HCQ use was 53.7 years, 79% females,
91% white). Most common indications for HCQ were RA (57%) and SLE (19%). The average follow-up length was
7.6years. Eleven patients developed HCQ retinopathy (91% females, 91% white). The majority used HCQ for RA
(91%). The cumulative incidence rate at year 5 was 0%, which increased to 3.9% (95% CI 2.0, 7.4) by 10years.
Taking an HCQ dose >5mg/kg was associated with a hazard ratio (HR) of 3.59 (95% CI 1.09, 11.84) compared
with lower doses. There was a 48% increase [HR 1.48 (95% CI 1.03, 2.14)] in the risk of HCQ retinopathy for each
100g of HCQ cumulative dose.

Conclusion. The risk of HCQ retinopathy at 10years of use is lower compared with previous prevalence-based
estimations. A dose >5mg/kg was associated with higher HCQ retinopathy risk.
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SCIENCE

Rheumatology key messages

e The risk of HCQ retinopathy has been largely estimated using prevalent measures and referral populations.
o In this community-based study, the incident risk of HCQ retinopathy was relatively low.
e Taking an HCQ dose >5mg/kg was associated with a higher retinopathy risk compared with lower doses.

risk of flares and organ damage [1, 2]. In general, HCQ
is a safe and affordable medication compared with alter-
native therapies. However, HCQ-related retinopathy is a
complication that has received significant attention in re-
cent years and is potentially a source of concern for
many patients.

The exact mechanism of HCQ retinopathy remains un-
clear. It may be the result of binding of HCQ to melanin

Introduction

HCQ is used in the treatment of a wide variety of
rheumatic diseases. Particularly in SLE, HCQ is consid-
ered the cornerstone of treatment, as it has been shown
to improve survival and decrease disease activity, the
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in the retinal pigment epithelium layer. This binding is
thought to ultimately damage the overlying photorecep-
tors, which results in vision changes [3, 4]. Early retinal
toxicity is often asymptomatic and may be initially identi-
fied by clinical testing as paracentral retinal photorecep-
tor interdigitation zone and ellipsoid zone changes on
spectral domain optical coherence tomography (SD-
OCT) and/or paracentral automated 10-2 visual field
(AVF) defects. As toxicity progresses, a ring of parafo-
veal retinal pigment epithelium depigmentation sparing
the central fovea and corresponding outer retinal atro-
phy may be noted. This is known as ‘bull’s eye’ macul-
opathy [3, 4]. Symptomatically this can manifest as
paracentral scotomata, reading difficulties, decreased
visual acuity, reduced colour and/or night vision, flashing
lights and eventually central scotomata and increasing
visual field defects [4].

Recommendations for HCQ retinopathy screening differ
by country. The American Academy of Ophthalmology
(AAO) has recommended that patients who are using HCQ
undergo a fundus examination within the first year of use.
If maculopathy is present, these patients should undergo
SD-OCT and 10-2 AVF testing. Annual screening with SD-
OCT and 10-2 AVF testing are recommended after 5years
of use or earlier if major risk factors are present, which in-
clude an HCQ dose >5mg/kg actual body weight, pres-
ence of renal disease, presence of macular disease and
concomitant use of tamoxifen [4]. In contrast, the Royal
College of Ophthalmologists of the United Kingdom does
not recommend baseline testing, but rather recommends
monitoring annually after 5years of therapy or after 1year
of therapy if the previously discussed major risk factors are
present. Visual field testing is not recommended as a first-
line monitoring test; rather, screening is recommended
through SD-OCT and widefield fundus autofluorescence
[5].

The frequency of HCQ retinopathy in a community
population has not been well elucidated. Recent advan-
ces in screening modalities, including 10-2 AVF testing,
SD-OCT and multifocal electroretinography, have likely
led to an increase in the reported prevalence of HCQ
retinopathy due to the increase in screening sensitivity
[6]. A study in the early 1980s of 900 patients taking
HCQ at <6.5mg/kg actual body weight/day and having
regular eye exams reported no cases of HCQ retinop-
athy over 7years of use [7]. A decade ago, a study of
3995 patients with either RA or SLE using HCQ esti-
mated a prevalence of HCQ retinopathy based on self-
reports and confirmation of bull’s eye maculopathy via
medical records review at 5years to be 0.3%, which
rose towards 2% at 10-15years of continuous usage
[8]. More recently, a study of 2361 patients who had
used HCQ continuously for at least 5years and who
received AVF and SD-OCT testing reported a retinal tox-
icity prevalence of 7.5% [mean duration of HCQ use
was 12.2years (s.p. 5.1)]. Approximately 2% of patients
receiving 4-5mg/kg actual body weight had retinal tox-
icity within the first 10years of use, but the prevalence
increased to 20% among those who had taken HCQ for
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>20years [9]. Based on this study, the AAO in 2016 rec-
ommended a dose of <5mg/kg actual body weight/day
to reduce the risk of HCQ retinopathy [4]. However, the
reliance on prevalence estimates (the proportion of indi-
viduals who have HCQ retinopathy at a specific point in
time) to assess the risk of HCQ retinopathy will lead to
overestimation compared with incidence estimates (new
cases of HCQ retinopathy over a period of time) be-
cause HCQ retinopathy is permanent and non-fatal,
therefore the prevalence of HCQ retinopathy is higher
than its incidence at any point in time [10]. It is also im-
portant to note that risk estimates based on prevalence
studies do not take into consideration the competing
risk of death, which might lead to biased risk estimates
of HCQ retinopathy. In addition, incidence studies have
focussed on disease-specific populations at referral
centres [11]. Using a large population-based cohort of
HCQ users, we aimed to estimate the incidence of HCQ
retinopathy and identify associated risk factors.

Methods

Through the resources of the Rochester Epidemiology
Project (REP), a record-linkage system, we used the
population of 27 counties in southwest Minnesota and
southeast Wisconsin for investigation of the epidemi-
ology of HCQ retinopathy, as comprehensive medical
records for residents seeking medical care were avail-
able. The REP allows ready access to medical records
from healthcare providers (including ophthalmologists
and optometrists) for the local population, including
from the Mayo Clinic (Rochester, MN, USA) and its affili-
ated hospitals, the Olmsted Medical Center (Olmsted
County, MN, USA) and its affiliated hospitals, local nurs-
ing homes, etc. This system ensures comprehensive
identification of HCQ users among the residents of the
region [12]. The demographics, distribution of morbidity
and death rates in the REP region are similar to those in
the upper Midwest. The characteristics and strengths of
the REP, as well as its generalizability, have been
described elsewhere [13-15]. The study was approved
by the institutional review boards of the Mayo Clinic and
Olmsted Medical Center. Participants were not required
to provide written consent, as this was a retrospective
chart review study.

Prescription data were available starting in 2003 in
OImsted County and since 2010 for the rest of the 26
counties of the REP area. Patients residing in Olmsted
County who used HCQ in 2003 or after and those resid-
ing in the other 26 counties who used HCQ in 2010 or
after were included.

To identify incident HCQ users, we excluded residents
with <1year of medical history before their first HCQ
prescription. HCQ users had to have at least 4 years of
continuous HCQ use, defined as having <1year gaps
between prescription stops and starts during those
4years, and at least one eye exam (either OCT, VF or
both) to be included. The incident date of HCQ prescrip-
tion was defined as the index date (Fig. 1). HCQ users
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Fic. 1 Schematic drawing of the study timeline
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with a >1year gap after the first 4 years were censored
when the gap reached 1year. HCQ users were followed
until HCQ retinopathy incidence, migration out of the re-
gion, their last OCT and/or VF or death. The medical
records of these patients, including OCT and/or VF
data, were manually reviewed in detail for the develop-
ment of HCQ retinopathy. Patients using HCQ regard-
less of the indication were included in this study.

HCQ retinopathy was defined based on characteristic
paracentral visual field defects and/or parafoveal retinal
photoreceptor layer changes on OCT. Variables
extracted from the REP database and medical records
review included race/ethnicity, sex, indication for HCQ,
duration of HCQ use (in years), age at HCQ use, weight
(in kg), BMI, daily HCQ dose (in mg and in mg/kg), con-
current use of tamoxifen or anastrozole, the ophthalmo-
logical screening modalities and intervals (OCT, VF or
both) and age at diagnosis. The cumulative HCQ dose
(in mg/day and mg/kg/day) were computed from pre-
scription start dates, supply days and dosages. The
presence or absence of kidney disease was ascertained
based on two diagnostic codes at least 30days apart
[International Classification of Diseases, Ninth Revision:
580.x, 584.x, 585.x, 586, v42.0, v45.1x, v56.x; or
International Classification of Diseases, Tenth Revision:
NO0O.x, NO1.x, N17.x, N18.x, N19, T85.691x, T85.71Xx,
Z748.22, 749.x).

Descriptive statistics (percentages, means, etc.) were
used to summarize the data. The cumulative incidence
rates of HCQ retinopathy after 4 years of HCQ use were
estimated by adjusting for the competing risk of death.
Risk factors for HCQ retinopathy were estimated using
Cox proportional hazards models. For all comparisons,
a P-value <0.05 was considered statistically significant.
Analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and R 3.4.2 (R Foundation for
Statistical Computing, Vienna, Austria).
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Results

Of the 1772 HCQ users who were residents of the REP
area, 634 met the inclusion criteria (Fig. 2). A total of
559 users were excluded because they had received
HCQ before 2003 in Olmsted County or before 2010 in
the rest of the 26 counties; 404 were excluded because
they used HCQ for <4years; 110 were excluded be-
cause they only had a baseline eye exam without any
follow-ups (76 patients used HCQ for 4years but
<5years and thus additional testing per the AAO recom-
mendations was not performed; 22 patients had missing
follow-up OCT and/or VF data; 2 patients refused con-
tinued testing; 1 patient had eye exams without the
required VFs and/or OCTs; 9 patients did not have the
OCTs and/or VFs exams completed due to technical dif-
ficulties/intolerance and 65 patients were excluded be-
cause they had a gap of >1year of HCQ prescriptions
in the first 4 years. Among these 65 patients, none have
had visual symptoms or changes that led to discontinu-
ation of therapy. A total of 70% used HCQ for RA, 20%
used HCQ for SLE or connective tissue disease and
10% used HCQ for dermatological causes. A total of
55% did not benefit from HCQ and had to be switched
to different therapies, while 35% experienced side
effects, including gastrointestinal symptoms, headaches,
rashes and alopecia. Finally, 10% used HCQ intermit-
tently but not >4 years for their dermatological disease.
Table 1 summarizes the demographic and clinical
characteristics of the study population. The average
age at the time of initial HCQ prescription was
53.7 years (s.n. 15.5), with 79% being female and 91%
being white. The most common indications for HCQ
were RA (57%) and SLE (19%). The average follow-up
was 7.6years [s.D. 2.7; median 7.1; IQR 5.3 (Q1 2.5 -
Q3 7.8)]. The average HCQ dose was 356.9 mg/day
(range 100.0-800.0), while the mean daily dose per actual
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Fic. 2 A flowchart of the initial cohort followed by numbers and reasons for exclusions

Residents of REP area with HCQ
prescriptions

Olmsted 2003-19
26 counties 2010-18
N= 1772

559 excluded

A 4

> 1 year with no HCQ
prescriptions at baseline
n=1213

(prevalent HCQ users )

404 excluded
(Patients who used HCQ for less

A 4

24 years HCQ use
n= 809

than 4 years)

110 excluded
(No OCT or VF after > 4 years of

Y
> 4 years of HCQ use and eye
exam

n= 699

HCQ use)

65 excluded

> 4 years of HCQ use and eye
exam and <1 year gap in HCQ use
n=634

body weight was 4.5mg/kg (range 1.3-8.9). The average
cumulative HCQ dose was 4729 (range 24-725). None of
the HCQ users in this study were concurrently taking tam-
oxifen and/or anastrozole. At their last screening, all
patients had both SD-OCT and 10-2 AVF done, except for
one patient who only had SD-OCT done.

Of the 634 users, 11 developed HCQ retinopathy. Of
these, 91% were females and 91% were white. The ma-
jority used HCQ for RA (91%). All the patients were on a
daily dose of 400 mg, however, the mean daily dose per
actual body weight was 5.7 mg/kg/day (range 3.8-6.7),
with a cumulative mean dose of 5409 (range 463-585).
Ten patients (91%) had signs of parafoveal disruption of
the photoreceptor ellipsoid zone, parafoveal thinning of

https://academic.oup.com/rheumatology

(21 year gap in HCQ use before 4
years of HCQ use)

the outer nuclear layer and/or retinal pigment epithelium
damage on the SD-OCT. Ten patients (91%) had para-
central defects on AVF (AVF data were missing for one
patient), while one patient (9%) had paracentral defects
on AVF without clear changes on SD-OCT.

Fig. 3 depicts the cumulative incidence rates of HCQ
retinopathy at years 5-10 of use. After 5years of use,
the rate was 0%, which progressively increased to 3.9%
(95% CI 2.0, 7.4) at 10years. The age at onset of ther-
apy, female sex, BMI, daily HCQ dose and presence of
chronic kidney disease did not significantly increase the
risk of retinopathy (Table 2). However, those taking
>5mg/kg of HCQ had a hazard ratio (HR) of 3.59 (95%
Cl 1.09, 11.84) compared with those who took <5mg/
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TasLe 1 Study population and case demographic and clinical characteristics

Characteristics

Study population (N = 634)

Retinopathy cases (n = 11)

Age at HCQ initiation, mean (s.p.),
years
Sex, female, n (%)
Race/ethnicity, n (%)
White
Asian
Other/mixed
Black
American Indian
Hispanic
Indication for HCQ, n (%)
RA?
SLE
CTD®
Dermatologic
Sjogren’s
Other®
BMI, kg/m2, mean (s.n.)
Presence of CKD, n (%)
HCQ dose, mg/day, mean (s.p.)

Range

HCQ dose, mg/kg/day®, mean (s.p.)
Range

Cumulative HCQ dose, g, mean (s.p.)
Range

Length of follow up, years, mean (s.p.),

median (Q1-Q3) (IQR) 7.

1(2.5-7.8) (5.3)

53.7 (15.5) 58.1 (11.5)
502 (79) 10 (91)
580 (91) 10 (91)

9(1) -
7(1) 1(9)

10 (2) -

3(0.5) -

24 (4) -
363 (57) 10 (91)
120 (19) -

61 (10) -

35 (6) -

33(5) 1(9)

20 (3) -

29.8(7.2) 28.6 (5.0)
66 (10) 3(27)

356.9 (91.3) 400 (0)
100-800 400-400
4.5(1.4) 5.7(1.1)
1.3-8.9 3.8-6.7

472 (131) 540 (38)
24-725 463-585
7.6 (2.7) 8.1(2.0)

8.3 (3.3-9.2) (5.9)

aSeronegative, seropositive, RA/SLE overlap. "MCTD, UCTD, DM, APS, scleroderma. Inflammatory OA, CPPD, palindromic

rheumatism, Blau syndrome. “Actual body weight (in kg).

Fic. 3 Cumulative incidence rates of retinopathy after
HCQ initiation

Cumulative incidence of retinopathy, %

Time since HCQ start, years

Solid line depicts the cumulative incidence rate estimate
(risk in %) of HCQ retinopathy per year. Dotted lines de-
pict upper and lower limits of the 95% CI estimates of
the cumulative incidence rate/risk of HCQ retinopathy
per year.

kg. For each 100g of HCQ cumulative dose, the risk of
HCQ retinopathy increased by 48% [HR 1.48 (95% CI
1.08, 2.14)]. Similarly, per each milligram of actual body
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TaBLE 2 Risk factors for retinopathy —unadjusted univari-
able models

Risk factor HR (95% CI)

Age at HCQ start (HR per 10 year increase)1.36 (0.88, 2.11)
Female 3.42 (0.43, 26.89)
BMI (kg/m?) 0.99 (0.91, 1.08)
Daily HCQ dose per 100 mg 1.51(0.88, 2.59)
Cumulative HCQ dose per 100 g 1.48 (1.03, 2.14)
Daily dose (mg/kg)® 1.44 (1.02, 2.02)
Daily dose >5 mg/kg? (vs <5) 3.59(1.09, 11.84)
CKD 1.89(0.50, 7.16)

8Actual body weight.

weight the risk for developing HCQ retinopathy

increased by 44% [HR 1.44 (95% CI 1.02, 2.02)]. Of
note, due to the infrastructure of the REP, missing data
were minimal. For example, missing BMI data were
noted for 20 patients, and these were excluded from the
Cox proportional hazards models that included BMI.

Discussion

In this study of 634 incident HCQ users in the commu-
nity, 11 developed HCQ retinopathy. The cumulative
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incidence was <5% at 10years of use. The risk of retin-
opathy increased significantly with HCQ use duration
and dose.

Most prior studies reported prevalent estimates of
HCQ retinopathy. Studies based on prevalence esti-
mates might overestimate the risk of HCQ retinopathy
for two reasons. First, given that this condition is per-
manent and nonfatal, the prevalence of HCQ retinopathy
will be higher than its incidence, resulting in risk over-
estimation. Second, prevalence-based studies are not
able to adjust for the competing risk of death, as they
include survivors only. Given that patients with SLE and
other systemic autoimmune diseases (where HCQ is
prescribed) have a higher risk of death than the general
population, this would mean that the population at risk
will be smaller in prevalence estimates compared with
incidence estimates [10]. In our study, the mean dose of
HCQ per actual body weight was 4.5mg/kg, however,
the incidence (risk) of HCQ retinopathy at 10years was
3.9%. A prior prevalence study of 2361 HCQ users
among Kaiser Permanente patients reported an overall
prevalence of 7.5%, the mean dose of HCQ per actual
body weight was 4.06 mg/kg and the mean follow-up
was 12.2years (overall prevalence estimate at 10years
was not reported) [9]. Although there are inherent differ-
ences between incidence and prevalence measures, the
cumulative overall risk based on the prevalence of HCQ
retinopathy reported by Melles et al. [9] seems higher
than the estimate reported in our study. In another
prevalence study [8], the risk of bull’s eye maculopathy,
a fundoscopic finding, was estimated to be 0.3% at
S5years that increased towards 2% after 10years of
HCQ use. In this study, however, sensitive screening
techniques like OCTs were not utilized. It is thought that
the advent of more sensitive screening techniques such
as OCT may increase the ability to detect HCQ retinop-
athy [6].

Compared with other incident estimates, Petri et al.
[11] studied 537 incident users of HCQ among SLE
patients at a tertiary referral centre. They reported an
HCQ retinopathy risk of 4.3% (1% by year 5, 1.8% by
year 10, 3.3% by year 15 and up to 8% after 20years).
A higher HCQ blood level predicted the risk of HCQ ret-
inopathy. The risk at 5years was higher than our
reported risk. However, the risk at 10 years was lower. It
is worth noting that this study used a referral population,
unlike our community-based population. Additionally,
only SLE patients were included. These differences
could have accounted for the differences in risk esti-
mates, however, is reassuring that the risk at 10years
was relatively low. The risk of HCQ retinopathy
increased over time as reported in our study.

Our study identified a daily HCQ dose >5.0mg/kg as
a risk factor for developing HCQ retinopathy. This is in
addition to the duration of use, as was discussed above.
This was noted by Melles et al. [9] as well. However,
chronic kidney disease was not seen to be associated
with an increased risk of HCQ retinopathy in our study.

https://academic.oup.com/rheumatology
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Perhaps this could be due to the smaller number of
cases in our study. Unlike the study findings reported by
Melles et al. [9], none of our patients concurrently used
tamoxifen citrate.

Although the discussion of the use of HCQ centres
around SLE, in our study population, the majority of
HCQ users and most patients who developed HCQ ret-
inopathy used it for RA. In SLE, HCQ is the cornerstone
of treatment; it has been shown to improve survival and
decrease disease activity, risk of flares and organ dam-
age [1, 2]. However, this has not been shown in RA and
the use of methotrexate has been suggested to be the
preferred first-line therapy as mentioned by the 2015
ACR guidelines on RA management [16]. In RA cases
where HCQ is being used, clinicians should consider
tapering HCQ after 5years of use or transitioning to
other effective therapies.

Some of the strengths of our study include a study
cohort that included many HCQ users who were taking
HCQ for multiple different indications. Our study design
allowed us to estimate the cumulative incidence of HCQ
retinopathy as opposed to the previous prevalence esti-
mates. We also controlled for immortal bias by censor-
ing at the last exam for those users who did not have
the continued required eye exams and adjusted for the
competing risk of death.

There were some limitations to our study. Being a
retrospective study was one. The usual limitations
regarding completeness of medical records documenta-
tion apply. Ideally, prospective studies will ultimately
provide better estimates. However, prohibitive costs
make it unlikely for a prospective study to be sufficiently
powered and prolonged to demonstrate the retinal
safety of HCQ. Another limitation was the reliance on
prescription data. Although a user might have been
given an HCQ prescription, there was no guarantee that
they were taking the medication. A required 4 year use
period of HCQ without a gap of >1year was used to in-
clude users who were more likely to be compliant with
their medication. Moreover, prescription data may be
missing and/or incomplete and dosing may not be ac-
curate. HCQ blood levels were not readily available to
include in our study. Another limitation was the popula-
tion of our study was predominantly white (~90%),
which may limit the generalizability of study results to
other racial/ethnic groups. However, this is an inherent
limitation of the population covered by the records-
linkage system of the REP, which covers a well-defined
geographic area in the upper Midwest. Due to the retro-
spective nature of this review, the exact screening
modalities for HCQ retinopathy were not standardized,
as they changed throughout the study period to reflect
the evolving AAO recommendations in 2002, 2011 and
2016. The use of SD-OCT along with 10-2 AVF was rec-
ommended in 2011 and onward [17]. In Olmsted
County, we followed patients prior to the 2011 guide-
lines, which recommended the addition of SD-OCT. In
the other counties, patients were followed after the 2011
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guidelines. It is possible that some of the 22 patients
with missing OCT and/or VF data who were excluded
were in that time frame prior to the 2011 guidelines
(Fig. 2). Additionally, it is possible that the OCT and/or
VF were performed at ophthalmology and/or optometry
practices outside the REP region. In these instances, we
were only able to review the OCT and/or VF data that
were transmitted into the medical records in the REP re-
gion. Finally, it is possible that HCQ retinopathy may
occur in the first 4years of HCQ therapy. However,
none of the patients who stopped HCQ prior to comple-
tion of 4 years did so due to visual symptoms.

Based on the estimates provided by Melles et al. [9],
the AAO revised HCQ dosing recommendations in
2016 [4]. The recommendations include a maximum
HCQ dose of 5mg/kg of actual body weight/day. This
has been criticized since then [18, 19]. Reasons in-
clude a lack of efficacy data for the 5mg/kg actual
body weight/day dose of HCQ in controlling auto-
immune diseases, lack of input from medical special-
ists who prescribe this medication, lack of input from
patients who take HCQ and the reliance on prevalence
estimates, as previously described [18, 19]. Our study
aimed to estimate the cumulative incidence of HCQ
retinopathy in the community, which should be a better
reflection of the true risk. This study provides informa-
tion that the risk of HCQ retinopathy may be lower
than previous estimates using novel screening technol-
ogies (OCT, VF) and incident measures. The duration
of HCQ use and higher HCQ doses were risk factors
for developing HCQ retinopathy. This should provide
an argument that HCQ remains a safe medication to
use, especially as it is highly effective in SLE, and per-
haps the risk of HCQ retinopathy may have been over-
estimated in the past.
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