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Regular Examinations for Toxic Maculopathy in Long-term
Chloroquine or Hydroxychloroquine Users
Melisa Nika, MD; Taylor S. Blachley, MS; Paul Edwards, MD; Paul P. Lee, MD, JD; Joshua D. Stein, MD, MS

IMPORTANCE According to evidence-based, expert recommendations, long-term users of
chloroquine or hydroxychloroquine sulfate should undergo regular visits to eye care providers
and diagnostic testing to check for maculopathy.

OBJECTIVE To determine whether patients with rheumatoid arthritis (RA) or systemic lupus
erythematosus (SLE) taking chloroquine or hydroxychloroquine are regularly visiting eye care
providers and being screened for maculopathy.

DESIGN, SETTING, AND PARTICIPANTS Patients with RA or SLE who were continuously enrolled
in a particular managed care network for at least 5 years between January 1, 2001, and
December 31, 2011, were studied. Patients’ amount of chloroquine or hydroxychloroquine use
in the 5 years since the initial RA or SLE diagnosis was calculated, along with their number of
eye care visits and diagnostic tests for maculopathy. Those at high risk for maculopathy were
identified. Logistic regression was performed to assess potential factors associated with
regular eye care visits (annual visits in �3 of 5 years) among chloroquine or
hydroxychloroquine users, including those at highest risk for maculopathy.

MAIN OUTCOMES AND MEASURES Among chloroquine or hydroxychloroquine users and those
at high risk for toxic maculopathy, the proportions with regular eye care visits and diagnostic
testing, as well as the likelihood of regular eye care visits.

RESULTS Among 18 051 beneficiaries with RA or SLE, 6339 (35.1%) had at least 1 record of
chloroquine or hydroxychloroquine use, and 1409 (7.8%) had used chloroquine or
hydroxychloroquine for at least 4 years. Among those at high risk for maculopathy, 27.9%
lacked regular eye care visits, 6.1% had no visits to eye care providers, and 34.5% had no
diagnostic testing for maculopathy during the 5-year period. Among high-risk patients, each
additional month of chloroquine or hydroxychloroquine use was associated with a 2.0%
increased likelihood of regular eye care (adjusted odds ratio, 1.02; 95% CI, 1.01-1.03). High-risk
patients whose SLE or RA was managed by rheumatologists had a 77.4% increased likelihood
of regular eye care (adjusted odds ratio, 1.77; 95% CI, 1.27-2.47) relative to other patients.

CONCLUSIONS AND RELEVANCE In this insured population, many patients at high risk for
maculopathy associated with the use of chloroquine or hydroxychloroquine are not
undergoing routine monitoring for this serious adverse effect. Future studies should explore
factors contributing to suboptimal adherence to expert guidelines and the potential effect on
patients’ vision-related outcomes.
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C hloroquine and hydroxychloroquine sulfate are com-
monly used medications for rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and other con-

nective tissue disorders.1-5 More than 1.5 million persons have
these conditions,6 and many of them receive hydroxychloro-
quine as the initial treatment.7-10 Although hydroxychloro-
quine is safer than chloroquine, both medications can cause
irreversible retinal toxic effects. Early in the course of these
toxic effects, patients are often asymptomatic but exhibit ab-
normalities on fundus examination or diagnostic testing. Be-
cause no effective treatment exists for chloroquine-induced
or hydroxychloroquine-induced retinopathy, early identifica-
tion of this adverse effect and prompt discontinuation of
therapy are essential.11-13 Therefore, periodic monitoring with
ocular examinations and diagnostic testing is crucial.

Although no gold standard test can identify retinopathy
associated with the use of chloroquine or hydroxychloro-
quine, guidelines published by the American Academy of
Ophthalmology14 (AAO) in 2002 recommend that all patients
using these agents should have a baseline ocular examina-
tion within 1 year after chloroquine or hydroxychloroquine
therapy commences. In addition, annual retinopathy screen-
ing is recommended for anyone with more than 5 years of ex-
posure to chloroquine or hydroxychloroquine use or those at
high risk for toxic maculopathy (including persons who are ≥60
years, those who take >3.0 mg/kg daily of chloroquine, those
who take >6.5 mg/kg daily of hydroxychloroquine, or those who
have obesity, renal or hepatic disease, or concomitant retinal
disease). Retinal toxic effect screening involves a dilated eye
examination, Amsler grid or Humphrey 10-2 visual field test-
ing (Carl Zeiss Meditec), and optional color vision testing, fun-
dus photography, fluorescein angiography, or multifocal
electroretinography.

In addition, revised recommendations issued in 2011 de-
fined high-risk patients as anyone with cumulative dosing ex-
ceeding 600 g of chloroquine or exceeding 1000 g of hydroxy-
chloroquine sulfate.15 The updated guidelines no longer
recommend Amsler grid testing, fundus photography, color vi-
sion testing, or fluorescein angiography for screening; in-
stead, the use of spectral-domain optical coherence tomogra-
phy (SD-OCT), multifocal electroretinography, or fundus
autofluorescence is encouraged. Still recommended is an-
nual screening of high-risk patients.

Retinal toxic effect rates from chloroquine or hydroxy-
chloroquine use have been documented.13,16-19 However, no
prior study to date has investigated adherence to the AAO
guidelines14 on ophthalmologic care for chloroquine or hy-
droxychloroquine users. We assessed whether patients with
RA or SLE taking chloroquine or hydroxychloroquine had regu-
lar eye care visits and testing to check for maculopathy as the
guidelines recommend.

Methods
Data Source
This study was exempt from the requirement of University of
Michigan Institutional Review Board approval. The database

used (Clinformatics; OptumInsight) contains deidentified rec-
ords of all beneficiaries in a nationwide managed care net-
work. For January 1, 2001, to December 31, 2011, we accessed
data on all eye care recipients, including patients with at least 1
International Classification of Diseases, Ninth Revision, Clinical
Modification20 code for any eye-related diagnosis (codes 360-
379.9) or at least 1 Current Procedural Terminology (revision 4)21

code for any eye-related visit or diagnostic or therapeutic pro-
cedure (codes 65091-68899 and 92002-92499). The database in-
cludes claims for all ocular and nonocular medical conditions,
records of all outpatient medications prescribed, and sociode-
mographic information (age, sex, race/ethnicity, education, and
personal income) for the enrollees.22-24

Sample Selection
All persons with continuous plan enrollment for at least 5 years
after their initial RA or SLE diagnosis were identified based on
International Classification of Diseases, Ninth Revision, Clini-
cal Modification billing codes (code 710.0 for SLE and code 714.0
for RA). To help address concerns about miscoding, we also re-
quired at least 1 confirmatory RA or SLE diagnosis made on a
different date. Noncontinuously enrolled beneficiaries were
excluded, as were enrollees with less than 5 years of postdi-
agnosis follow-up data.

Chloroquine or Hydroxychloroquine Use
We reviewed outpatient pharmacy records to identify chloro-
quine or hydroxychloroquine users on the basis of American
Hospital Formulary Service drug class codes for Aralen hydro-
chloride, Aralen phosphate, chloroquine phosphate, hydroxy-
chloroquine sulfate, and Plaquenil sulfate. We calculated the
number of days for which hydroxychloroquine was pre-
scribed in the 5-year period after patients’ first-documented
RA or SLE diagnosis. Patients’ drug exposure in the 5-year pe-
riod was categorized as none, less than 12 months, 12 to 23
months, 24 to 47 months, or 48 months or longer.

Eye Care Visits
We determined the proportion of patients with RA or SLE who
visited an eye care provider (ophthalmologist or optometrist)
in each of the 5 years after the initial diagnosis. Visits were iden-
tified using Current Procedural Terminology (revision 4) codes
(eTable 1 in the Supplement). Regular eye care was defined as
annual visits in at least 3 of 5 years.

Diagnostic Testing
We used Current Procedural Terminology (revision 4) billing
codes to assess the use of perimetry (codes 92081-92083), mul-
tifocal electroretinography (code 92275), fluorescein angiog-
raphy (code 92235), and fundus photography (code 92250). We
also assessed SD-OCT use (codes 92134 and 92135), which was
not specifically recommended in the 2002 guidelines14 but be-
came widely used in evaluating macular disease during the past
decade and was included in the 2011 guidelines.15

High-Risk Patients
On the basis of the 2002 guidelines,14 high risk for maculopa-
thy associated with the use of chloroquine or hydroxychloro-
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quine was identified in the database as patients 60 years or
older or patients who used chloroquine or hydroxychloro-
quine for at least 1 of the first 5 years after the initial diagnosis
of RA or SLE and had renal or hepatic disease or concomitant
retinal disease (nonneovascular or neovascular age-related
macular degeneration). Further details are listed in eTable 1
in the Supplement.

Users With the Greatest Chloroquine
or Hydroxychloroquine Exposure
We also assessed eye services use for patients with the great-
est chloroquine or hydroxychloroquine exposure. Identified
were patients who had been prescribed these medications for
at least 4 of 5 years examined.

New Chloroquine or Hydroxychloroquine Users
In another analysis, we identified patients with RA or SLE who
had no recorded chloroquine or hydroxychloroquine use dur-
ing their first 3 years in the plan who subsequently began using
one of these drugs. Among these new users, the proportion un-
dergoing a baseline ocular examination in the first year of
therapy was calculated.

Chloroquine or Hydroxychloroquine Use for at Least 5 Years
According to the AAO guidelines,14 all patients with at least 5
years of chloroquine or hydroxychloroquine use should re-
ceive annual examinations for toxic maculopathy irrespec-
tive of other risk factors present. Therefore, we also analyzed
(separately) patients with continuous chloroquine or hydroxy-
chloroquine use for at least 5 years to assess eye visits and di-
agnostic testing in years 6 and 7.

Statistical Analysis
Statistical analysis was performed with commercial software
(SAS 9.3; SAS Institute). Visits, diagnostic testing, and chloro-
quine or hydroxychloroquine use were summarized using the
means (SDs) for continuous variables and the frequencies and
percentages for categorical variables.

We compared the frequency of eye visits and maculopathy-
related diagnostic testing between patients with RA or SLE who
did and did not have the greatest chloroquine or hydroxychlo-
roquine exposure and between those with and without high
maculopathy risk. χ2 Test, Fisher exact test, and 2-sample t test
were used for these comparisons.

In the first 3 of 4 logistic regression models, we evaluated
(1) the potential effect of each additional month’s chloro-
quine or hydroxychloroquine use on the likelihood of receiv-
ing regular eye care among all patients with RA or SLE, (2) the
odds of regular eye care among the patients at high risk for
maculopathy associated with the use of chloroquine or hy-
droxychloroquine, and (3) potential factors associated with
regular eye care among the highest chloroquine or hydroxy-
chloroquine users. The fourth model calculated the odds of
regular eye care among an aggregated sample of the users with
the greatest chloroquine or hydroxychloroquine exposure and
those with high maculopathy risk. Covariates for all models
included age, sex, education, race/ethnicity, and personal in-
come, as well as depression, hypertension with and without

complications, long-term (≥3 months) oral corticosteroid use,
diabetes mellitus with and without complications, and care by
a rheumatologist (≥2 visits during the study). Complicated dis-
ease was defined as concomitant hypertension-related or dia-
betes mellitus–related end organ damage (eg, nephropathy)
(eTable 1 in the Supplement). Regression analyses generated
odds ratios (ORs) with 95% CIs. For all analyses, P < .05 was
considered statistically significant.

Results
In total, 18 051 enrollees met the inclusion criteria (eFigure 1
in the Supplement), 13 102 patients (72.6%) had RA, 3385
(18.8%) had SLE, and 1564 (8.7%) had at least 2 records of both
conditions. The mean (SD) age of participants at enrollment
was 51.6 (12.1) years. Among the participants, 78.2% (n = 14 114)
were female; 83.5% (n = 13 850) were of white race/ethnicity,
5.3% (n = 883) were black, and 8.1% (n = 1342) were Latino
(Table 1). Seventy-two percent (n = 12 964) of participants re-
ceived care from a rheumatologist.

Chloroquine or Hydroxychloroquine Use
In total, 6339 patients (35.1%) had at least 1 record of chloro-
quine or hydroxychloroquine use in the first 5 years after the
initial RA or SLE diagnosis. Thirty-six beneficiaries (0.6%) re-
ceived chloroquine prescriptions only, 6248 (98.6%) received
hydroxychloroquine prescriptions only, and 55 (0.9%) re-
ceived at least 1 prescription of both medications. The mean
(SD) duration of participants’ drug exposure was 824.1 (610.2)
days. Overall, 11 712 patients (64.9%) took neither medica-
tion in the 5-year study period; 4930 patients (27.3%) re-
ceived prescriptions for less than 4 years. A total of 1409 pa-
tients (7.8%) had used chloroquine or hydroxychloroquine for
at least 4 years; these patients were considered the users with
the greatest medication exposure.

Eye Care Visits
Among the participants, 4214 (23.3%) saw no eye care pro-
vider in the 5-year period (Table 2). Each year, 67.6% to 72.5%
of participants visited an eye care provider. Among 11 712 par-
ticipants who were consistent nonusers of chloroquine or hy-
droxychloroquine, the proportions with eye care visits in 0, 1,
2, 3, and at least 4 of 5 years were 28.2%, 24.0%, 15.1%, 12.8%,
and 19.9%, respectively, whereas the proportions among 6339
participants who had any chloroquine or hydroxychloro-
quine use were 14.3%, 17.9%, 16.4%, 14.3%, and 37.1%, respec-
tively (Table 2).

Of the enrollees at high risk for maculopathy, 6.1% had no
eye care visits in the 5-year period (Table 3). Overall, 66.3% to
71.9% of patients each year received specialty eye care. The pro-
portions with visits in 1, 2, 3, and at least 4 of 5 years were 9.2%,
12.6%, 15.0%, and 57.0%, respectively. Among this group of
high-risk patients, 72.1% had regular eye visits.

Among the highest chloroquine or hydroxychloroquine us-
ers, 7.5% saw no eye care provider in the 5-year period (Table 2).
The proportion receiving eye care in a given year was 67.6%
to 72.5%. The proportions with visits in 1, 2, 3, and at least 4 of
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the years were 8.7%, 10.6%, 14.3%, and 58.8%, respectively.
The proportion of highest users with regular eye visits was
73.2%.

Among 959 patients taking chloroquine or hydroxychlo-
roquine continuously for more than 5 years, an optometrist
or ophthalmologist was seen by 753 (78.5%) in year 6 or 7,
while the remaining 206 (21.5%) did not visit an eye care
provider in year 6 or 7. Further details are listed in eTable 2
in the Supplement.

Overall, 1110 participants were new chloroquine or hy-
droxychloroquine users. Among them, 497 (44.8%) had a base-
line eye care visit in the first 12 months after initiating therapy
with chloroquine or hydroxychloroquine.

Diagnostic Testing
Approximately 75% of participants underwent no diagnostic
tests for maculopathy in 5 years. Approximately 10% to 13%
of patients underwent testing in any given year.

Of the participants with consistent nonuse of chloro-
quine or hydroxychloroquine, the proportions undergoing di-
agnostic testing in 0, 1, 2, 3, and at least 4 of 5 years were 84.4%,
8.4%, 3.2%, 1.8%, and 2.2%, respectively (Table 2). In com-
parison, these values were 51.2%, 18.8%, 11.6%, 7.8%, and 10.6%
among patients with any chloroquine or hydroxychloroquine
exposure.

Of patients at high risk for maculopathy, 65.5% received
at least 1 form of diagnostic testing in 5 years; 63.2% had vi-

Table 1. Characteristics of the Study Population With and Without Chloroquine
or Hydroxychloroquine Sulfate Usea

Variable
Any Use

(n = 6339)
No Use

(n = 11 712)
Overall

(N = 18 051) P Value
Rheumatologic condition, No. (%) <.001b

Systemic lupus erythematosis 1768 (27.9) 1617 (13.8) 3385 (18.8)

Rheumatoid arthritis 3570 (56.3) 9532 (81.4) 13 102 (72.6)

Both 1001 (15.8) 563 (4.8) 1564 (8.7)

Sex, No. (%) <.001b

Male 1004 (15.8) 2933 (25.0) 3937 (21.8)

Female 5335 (84.2) 8779 (75.0) 14 114 (78.2)

Race/ethnicity, No. (%) (n = 5827) (n = 10 765) (n = 16 592) .003b

White 4910 (84.3) 8940 (83.0) 13 850 (83.5)

Black 325 (5.6) 558 (5.2) 883 (5.3)

Latino 406 (7.0) 936 (8.7) 1342 (8.1)

Asian 131 (2.2) 233 (2.2) 364 (2.2)

Other 55 (0.9) 98 (0.9) 153 (0.9)

Education, No. (%) (n = 6178) (n = 11 364) (n = 17 542) .01b

<High school 86 (1.4) 174 (1.5) 260 (1.5)

High school diploma 2057 (33.3) 3906 (34.4) 5963 (34.0)

Some college 2500 (40.5) 4721 (41.5) 7221 (41.2)

College diploma 1523 (24.7) 2549 (22.4) 4072 (23.2)

Advanced degree 12 (0.2) 14 (0.1) 26 (0.1)

Personal income, No. (%) (n = 5945) (n = 10 980) (n = 16 925) .02b

<$30 000 468 (7.9) 944 (8.6) 1412 (8.3)

$30 000 to <$60 000 1966 (33.1) 3796 (34.6) 5762 (34.0)

$60 000 to <$100 000 2139 (36.0) 3912 (35.6) 6051 (35.8)

$100 000 to <$125 000 759 (12.8) 1291 (11.8) 2050 (12.1)

≥$125 000 613 (10.3) 1037 (9.4) 1650 (9.7)

Medication use, No. (%) <.001b

Chloroquine use only 36 (0.6) 0 36 (0.2)

Hydroxychloroquine use only 6248 (98.6) 0 6248 (34.6)

Both 55 (0.9) 0 55 (0.3)

Neither 0 11 712 (100.0) 11 712 (64.9)

Medication use duration, No. (%) <.001b

No medication use 0 11 712 (100.0) 11 712 (64.9)

<12 mo 2150 (33.9) 0 2150 (11.9)

12-23 mo 914 (14.4) 0 914 (5.1)

24-47 mo 1866 (29.4) 0 1866 (10.3)

≥48 mo 1409 (22.2) 0 1409 (7.8)

(continued)
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sual field testing and 16.1% underwent SD-OCT (Table 3).
Among patients with the highest chloroquine or hydroxychlo-
roquine use, 36.1% underwent no diagnostic testing for macu-
lopathy in 5 years (Table 2). The proportions undergoing any
diagnostic testing in 1, 2, 3, and at least 4 of 5 years were 18.0%,
13.7%, 11.6%, and 20.6%, respectively.

Among the patients with more than 5 years of chloro-
quine or hydroxychloroquine use, 47.8% had at least 1 visual
field test, and 9.5% had SD-OCT in year 6 or 7. Further details
are listed in eTable 2 in the Supplement.

Factors Associated With Eye Care Visits
After adjustment for potential confounders, chloroquine or hy-
droxychloroquine users had a 3.5% increased odds of receiv-
ing regular eye care for each additional month of use (adjusted
OR, 1.04; 95% CI, 1.03-1.04) compared with nonusers. Other fac-
tors associated with increased odds of regular eye care include
female sex (adjusted OR, 1.48; 95% CI, 1.36-1.62), older age (ad-
justed OR, 1.05; 95% CI, 1.04-1.05), higher education level (2 of
4 levels above the less than high school reference level were sig-
nificant), and comorbid diabetes mellitus with complications
(adjusted OR, 1.97; 95% CI, 1.75-2.23) or hypertension with com-
plications (adjusted OR, 1.21; 95% CI, 1.08-1.36) (P < .004 for all
comparisons). Black patients had an 18.6% decreased odds of
regular eye care (adjusted OR, 0.81; 95% CI, 0.69-0.96) relative
to patients of white race/ethnicity. Patients receiving care by
rheumatologists had a 28.9% increased odds of regular eye care
(adjusted OR, 1.29; 95% CI, 1.19-1.40) (Figure 1).

For patients at high risk for maculopathy, each additional
month of chloroquine or hydroxychloroquine use was asso-
ciated with a 2.0% increased likelihood of regular eye care (ad-
justed OR, 1.02; 95% CI, 1.01-1.03). Among the high-risk pa-
tients, older age (adjusted OR, 1.02; 95% CI, 1.01-1.04) and care
by a rheumatologist (adjusted OR, 1.77; 95% CI, 1.27-2.47) were
associated with increased likelihood of regular eye care visits
(Figure 2).

Among the users with the greatest chloroquine or hydroxy-
chloroquine exposure, female sex and older age were associ-
ated with elevated odds of regular eye care (P < .05 for both).
The likelihood of regular eye care visits was increased by 58.4%
among patients with care by a rheumatologist (adjusted OR,
1.58; 95% CI, 1.12-2.25) but was decreased by 56.4% among black
patients (adjusted OR, 0.44; 95% CI, 0.21-0.88) (eFigure 2 in
the Supplement).

The findings of an additional regression model assessing
factors associated with receipt of regular eye care among the
highest chloroquine or hydroxychloroquine users or the pa-
tients at high risk for toxic retinopathy are similar to those of
the other models. Further details are listed in eTable 3 in the
Supplement.

Discussion
Among 6339 patients with RA or SLE who took chloroquine or
hydroxychloroquine, more than half had regular eye care vis-

Table 1. Characteristics of the Study Population With and Without Chloroquine
or Hydroxychloroquine Sulfate Usea (continued)

Variable
Any Use

(n = 6339)
No Use

(n = 11 712)
Overall

(N = 18 051) P Value
Years with eye visit, No. (%) <.001b

0 906 (14.3) 3308 (28.2) 4214 (23.3)

1 1135 (17.9) 2811 (24.0) 3946 (21.9)

2 1041 (16.4) 1774 (15.1) 2815 (15.6)

3 906 (14.3) 1494 (12.8) 2400 (13.3)

4 1034 (16.3) 1133 (9.7) 2167 (12.0)

5 1317 (20.8) 1192 (10.2) 2509 (13.9)

Depression, No. (%) .10b

No 5360 (84.6) 10 009 (85.5) 15 369 (85.1)

Yes 979 (15.4) 1703 (14.5) 2682 (14.9)

Hypertension, No. (%) <.001b

No 2241 (35.4) 3250 (27.7) 5491 (30.4)

Uncomplicated 3121 (49.2) 6238 (53.3) 9359 (51.8)

Complicated 977 (15.4) 2224 (19.0) 3201 (17.7)

Diabetes mellitus, No. (%) <.001b

No 4782 (75.4) 7683 (65.6) 12 465 (69.1)

Uncomplicated 1079 (17.0) 2848 (24.3) 3927 (21.8)

Complicated 478 (7.5) 1181 (10.1) 1659 (9.2)

Age at enrollment, mean (SD), y 49.67 (11.43) 52.70 (12.33) 51.63 (12.11) <.001c

Time in the plan, mean (SD), y 7.90 (1.82) 8.08 (1.82) 8.01 (1.82) <.001c

Medication use, mean (SD), d 824.10 (610.20) NA 824.10 (610.20)d NA

Eye visits, mean (SD) 5.06 (5.40) 3.82 (6.17) 4.25 (5.94) <.001c

Charlson Comorbidity Index, mean (SD)e 3.78 (2.92) 4.25 (3.11) 4.08 (3.06) <.001c

Abbreviation: NA, not applicable.
a Use during the first 5 years of

enrollment. Complicated diabetes is
diabetes mellitus with end organ
damage, and complicated
hypertension is hypertension with
end organ damage. Some totals do
not sum to heading totals because
of missing data.

b χ2 Test.
c Two-sample t test.
d Evaluated for 6339 individuals

taking medication.
e Excludes diabetes mellitus.
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its, and almost one-fifth underwent diagnostic testing annu-
ally for maculopathy as AAO guidelines recommend.14 How-
ever, among patients at highest risk for toxic maculopathy,
more than one-quarter (27.9%) received no regular eye care;
moreover, among the high-risk patients, 6.1% had no eye care
visits, and 34.5% had no diagnostic testing for maculopathy
during the 5-year period examined.

Although all enrollees had health insurance and theoreti-
cally had access to services, we identified many long-term chlo-
roquine or hydroxychloroquine users and those at high risk for

toxic maculopathy who were not routinely examined by eye
care providers or given diagnostic tests to detect maculopa-
thy. Likewise, among new chloroquine or hydroxychloro-
quine users, less than half had an ocular examination in their
first year of therapy. Possible explanations for these findings
are that chloroquine-prescribing or hydroxychloroquine-
prescribing health care providers may be unfamiliar with the
ocular adverse effects of long-term use or with the patient char-
acteristics associated with high risk for macular toxic effects,
or they may not appreciate the usefulness of preemptive

Table 2. Eye Visits and Diagnostic Testing Based on the Amount of Chloroquine or Hydroxychloroquine Sulfate Use (continued)

Variable
Any Use

(n = 6339)
No Use

(n = 11 712)
P Value,
χ2 Test

Highest Usea

(n = 1409)
All Othersb

(n = 16 642)
P Value,
χ2 Test

Years with eye visit, No. (%) <.001 <.001

0 906 (14.3) 3308 (28.2) 106 (7.5) 4108 (24.7)

1 1135 (17.9) 2811 (24.0) 123 (8.7) 3823 (23.0)

2 1041 (16.4) 1774 (15.1) 149 (10.6) 2666 (16.0)

3 906 (14.3) 1494 (12.8) 202 (14.3) 2198 (13.2)

≥4 2351 (37.1) 2325 (19.9) 829 (58.8) 3847 (74.1)

Regular eye visits, No. (%) 3257 (51.4) 3819 (32.6) <.001 1031 (73.2) 6045 (23.1) <.001

Years with diagnostic testing, No. (%) <.001 <.001

0 3245 (51.2) 9884 (84.4) 508 (36.1) 12 621 (75.8)

1 1192 (18.8) 986 (8.4) 254 (18.0) 1924 (11.6)

2 735 (11.6) 378 (3.2) 193 (13.7) 920 (5.5)

3 495 (7.8) 211 (1.8) 164 (11.6) 542 (3.3)

≥4 672 (10.6) 253 (2.2) 290 (20.6) 635 (3.8)

Diagnostic testing, No. (%) 3094 (48.8) 1828 (15.6) <.001 901 (63.9) 4021 (24.2) <.001

Visual field testing, No. (%) 3005 (47.4) 1529 (13.1) <.001 882 (62.6) 3652 (21.9) <.001

SD-OCT, No. (%) 588 (9.3) 965 (8.2) <.001 138 (9.8) 1415 (8.5) .10

Electroretinogram, No. (%) 14 (0.2) 9 (0.1) .01 1 (0.1) 22 (0.1) .55

Abbreviation: SD-OCT, spectral-domain optical coherence tomography.
a Patients who continuously used chloroquine, hydroxychloroquine, or both for at least 4 years of the 5-year study period.
b All except the highest users.

Table 3. Eye Visits and Diagnostic Testing Among Low-Risk and High-Risk Patients

Variable
High Riska

(n = 1450)
Low Risk

(n = 16 601)
P Value,
χ2 Test

Overall
(N = 18 051)

Years with eye visit, No. (%) <.001

0 89 (6.1) 4125 (24.8) 4214 (23.3)

1 134 (9.2) 3812 (23.0) 3946 (21.9)

2 182 (12.6) 2633 (15.9) 2815 (15.6)

3 218 (15.0) 2182 (13.1) 2400 (13.3)

≥4 827 (57.0) 3849 (23.2) 4676 (25.9)

Regular eye visits, No. (%) 1045 (72.1) 6031 (36.3) <.001 7076 (39.2)

Years with diagnostic testing, No. (%) <.001

0 500 (34.5) 12 629 (76.1) 13 129 (72.7)

1 266 (18.3) 1912 (11.5) 2178 (12.1)

2 235 (16.2) 878 (5.3) 1113 (6.2)

3 184 (12.7) 522 (3.1) 706 (3.9)

≥4 265 (18.3) 660 (4.0) 925 (5.1)

Diagnostic testing, No. (%) 950 (65.5) 3972 (23.9) <.001 4922 (27.3)

Visual field testing, No. (%) 917 (63.2) 3617 (21.8) <.001 4534 (25.1)

SD-OCT, No. (%) 233 (16.1) 1320 (8.0) <.001 1553 (8.6)

Electroretinogram, No. (%) 7 (0.5) 16 (0.1) <.001 23 (0.1)

Abbreviation:
SD-OCT, spectral-domain optical
coherence tomography.
a Includes patients who used

chloroquine or hydroxychloroquine
sulfate for at least 1 year during the
first 5 years of enrollment, who
were 60 years or older, or who had
renal or hepatic disease or
concomitant retinal disease.
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screening before vision is lost. Alternatively, patients may be
nonadherent to health care providers’ recommendations to
seek eye care or may not understand the importance of macu-
lopathy screening. Furthermore, communication between the
prescribing clinicians and eye care providers may be poor, and
some eye care providers may lack access to the appropriate di-
agnostic equipment.

Patients receiving care by a rheumatologist had increased
odds of eye care visits. Rheumatologists may have more expe-
rience prescribing chloroquine or hydroxychloroquine and may
be more familiar with the drugs’ adverse effects and the need
for eye care provider referral. In addition, uveitis is common in
patients with autoimmune conditions.25,26 These patients of-
ten require long-term treatment for the ocular diseases associ-
ated with these conditions, leading to close rheumatologist-
ophthalmologist collaboration. Another possibility is that
patients of rheumatologists may have more severe disease, re-
quiring higher chloroquine or hydroxychloroquine dosages for
longer durations. In 2001, Fraenkel and Felson27 reported that
most surveyed rheumatologists valued routine retinopathy
screening of chloroquine or hydroxychloroquine users. Our find-
ings support these practice patterns.

Other factors associated with eye care visits in this setting
include female sex, older age, higher education level, and com-
plicated diabetes mellitus or hypertension. Visual impair-
ment is known to worsen with increasing age, making older per-
sons more inclined to seek eye care. According to published
data, 1 in 6 US adults 70 years or older is visually impaired.28

Women have higher risks for most major eye diseases, render-
ing them more likely to use eye care services.29-32 We also found
that better-educated patients had higher odds of eye care
use, consistent with previous studies.32-36 Similar to other
studies,32-34,37,38 black patients had decreased odds of eye care
visits relative to patients of white race/ethnicity, although blacks
often have more visual impairment.28,39,40 Such disparities
are particularly disconcerting because black patients herein
had substantially reduced odds of eye care visits among the
users with the greatest chloroquine or hydroxychloroquine
exposure.

Mavrikakis and coworkers13 first reported toxic retinopa-
thy after nonoverdose hydroxychloroquine therapy, raising con-
cerns about long-term use. Among 1207 hydroxychloroquine us-
ers, Levy and colleagues17 described 1 patient with definite toxic
effects and 5 patients with probable toxic effects. In the largest

Figure 1. Odds of Seeking Regular Eye Care in All Patients
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Regular eye care is defined as visits in
at least 3 of 5 follow-up years.
Reference groups are male sex, white
race/ethnicity, personal income less
than $30 000, education level less
than high school, no diabetes
mellitus, no hypertension, no
depression, and a rheumatologist
visit 0 or 1 time in the first 5 years.
Complicated diabetes is diabetes
mellitus with end organ damage,
complicated hypertension is
hypertension with end organ
damage, adjusted Charlson Index is
the Charlson Comorbidity Index with
diabetes mellitus omitted, a
rheumatology patient is an enrollee
seen by a rheumatologist at least 2
times during 5 years, and chronic oral
corticosteroid use is the use of
prescribed oral corticosteroids for at
least 3 months.

Chloroquine and Hydroxychloroquine Use Maculopathy Original Investigation Research

jamaophthalmology.com JAMA Ophthalmology October 2014 Volume 132, Number 10 1205

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

published series to date, by Wolfe and Marmor,18 involving 3995
patients, the toxic effect rate exceeded 1% among patients with
5 to 7 years of chloroquine or hydroxychloroquine use. In an-
other study19 among 67 patients with cumulative doses exceed-
ing 1250 g of hydroxychloroquine, 50% developed abnormali-
ties detected on multifocal electroretinography associated with
toxic maculopathy. As the toxic effect risk increases, screening
becomes more important.

We used the 2002 AAO guidelines14 on screening for reti-
nopathy associated with chloroquine and hydroxychloro-
quine use in our analysis because they were in place for much
of the study period (2001-2011). The updated 2011 guidelines15

reflected the development of more sensitive diagnostic tests
and recognized that the toxic effect risk is higher than previ-
ously realized.

Screening for toxic maculopathy could be improved by
developing automated alert systems and incorporating them
in electronic health records to identify high-risk patients. In
addition, tool sets calculating patients’ cumulative chloro-
quine or hydroxychloroquine dose taken per ideal body
weight may be developed and used in primary care settings,
reminding health care providers to refer high-risk patients
for eye care screening. Implementing pay-for-performance

programs to incentivize physicians to improve screening
rates may also help. Moreover, a practice improvement mod-
ule on chloroquine and hydroxychloroquine screening could
be offered to improve ophthalmologists’ rates of diagnostic
testing. Educating non–eye care providers about the ocular
adverse effects of chloroquine and hydroxychloroquine and
better identifying patients at high risk for toxic maculopathy
are also important. Programs to assist non–eye care provid-
ers at the point of care may also be helpful. Furthermore,
pharmacists may have a role in educating chloroquine and
hydroxychloroquine users.

Comanagement is an integral part of our health care sys-
tem, which increasingly relies on specialization, but it comes
with its own set of challenges. Improved communication
among hydroxychloroquine-prescribing and chloroquine-
prescribing clinicians, patients, and eye care providers could
reduce the nonscreening of high-risk patients. Telemedicine
may offer additional opportunities to enhance screening ef-
forts. Retinal photography, increasingly available, offers im-
proved access to subspecialty care.41 The SD-OCT images and
nonmydriatic fundus photographs acquired by nonophthal-
mologists can be sent to eye care providers to determine which
patients require referral for further evaluation.

Figure 2. Odds of Seeking Regular Eye Care in High-Risk Patients
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High-risk patients are defined as
individuals who used chloroquine or
hydroxychloroquine sulfate for at
least 1 year during the first 5 years of
enrollment, who were 60 years or
older, or who had renal or hepatic
disease or concomitant retinal
disease. See the Figure 1 legend for
additional information.
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This study has several strengths. Because all of the pa-
tients in our study had health insurance, they should have all
(at least theoretically) had access to eye care services. Pa-
tients in the sample resided in communities throughout the
country and received care from various types of health care
providers in myriad practice settings. Unlike in cross-
sectional studies, the patients were followed up for at least 5
years. Finally, claims data enabled accurate estimation of the
duration and amount of chloroquine or hydroxychloroquine
exposure, without reliance on patient self-report, which is of
uncertain reliability.42

Our study has several limitations. The database lacked in-
formation on height and weight (to calculate the milligrams
per kilogram of chloroquine or hydroxychloroquine expo-
sure), best-corrected visual acuity, and the presence of symp-
toms of metamorphopsias, which could influence eye care use.
Likewise, diagnostic tests such as Amsler grid or color vision
testing lack Current Procedural Terminology codes and were
not studied. We also cannot deduce from the claims data
whether each visit to and test conducted at eye care provid-
ers’ offices were done specifically to screen for chloroquine or

hydroxychloroquine toxic effects, and we lacked information
on chloroquine or hydroxychloroquine use before patients’ en-
rollment in the plan. Therefore, only cumulative exposure in
the 5-year study period (not overall cumulative drug expo-
sure) could be calculated. Also, SD-OCT imaging tests were rec-
ommended by the AAO11 starting only in 2011, which may ac-
count for the substantial nonuse of this diagnostic test for much
of the study period. Finally, our findings may be nongeneral-
izable to uninsured or underinsured patients, who likely have
lower visit and testing rates.

Conclusions
We find that many chloroquine or hydroxychloroquine users,
including patients at high risk for retinal toxic effects and long-
term users for multiple years, are not undergoing regular vis-
its to eye care providers and receiving diagnostic testing to
check for maculopathy, as recommended by the AAO.14,15 Fu-
ture studies should identify reasons for nonadherence to the
recommendations and ways of improving adherence.
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