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Abstract Evidence suggests that hydroxychloroquine
(HCQ) retinal toxicity is more common than previously
thought. Adhering to careful weight-based dosing can sig-
nificantly reduce the risk of this adverse event and is rec-
ommended in recent guidelines. We used electronic health
record data from a large health system to examine HCQ
dosing over a 5-year period and identify risk factors associ-
ated with higher dosage of HCQ. We constructed a longitu-
dinal, retrospective cohort of patients with HCQ prescrip-
tions (1681 patients with 3490 prescribing events) between
2012 and 2016. We measured HCQ dosing patterns relative
to guidelines (<6.5 and <5.0 mg/kg) over time and used
longitudinal multivariate mixed effects logistic regression
to identify sociodemographic, clinical and health system
factors associated with receiving higher than recommended
doses of HCQ. The proportion of patients receiving doses
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above 6.5 mg/kg decreased from 12% in 2012 to 7% by
2016. Similarly, the proportion of patients with doses above
5.0 mg/kg fell from 38% in 2012 to 30% in 2016. Low body
weight (<68 kg) was strongly associated with receiving
doses of HCQ above 6.5 mg/kg across all time points, even
after adjusting for other factors (odds ratios ranging from
13.2 to 21.0). Although the proportion of patients receiving
higher than recommended HCQ doses has declined over
a period of 5 years, a substantial number of individuals
remain at increased risk for toxicity. Given the widespread
use of HCQ in immune-mediated diseases, our study sug-
gests that interventions aimed to ensure appropriate dosing
are warranted to improve patient safety.
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Introduction

Hydroxychloroquine (HCQ) has been a mainstay of treat-
ment for immune-mediated diseases like systemic lupus
erythematous (SLE) and rheumatoid arthritis (RA) since
the 1950s. The drug generally has an excellent safety
profile and is often continued for many years or even
indefinitely in patients to control disease. However, the
drug-induced ocular side effects of HCQ have gained
increasing attention. Previously considered rare (esti-
mated 0.5-2% of long term users) [1-3], a 2014 landmark
study estimated that retinal toxicity may be as high as
7.5% in prevalent users [4]. Importantly, this study dem-
onstrated that the prevalence of retinal toxicity is less
than 2% in the first 10 years of HCQ use for individu-
als prescribed doses 4.0-5.0 mg/kg, compared to 10% for
individuals exceeding this threshold. After 20 years, the
risk increased to 40% for doses >5.0 mg/kg, and up to
50% for those with concurrent kidney disease. Based on
this data [4], the American Academy of Ophthalmology
(AAO) issued weight-based recommendations for HCQ
dosing in recent guidelines [5].

Retinal toxicity from HCQ can be severe and is gener-
ally irreversible. However, regular screening can identify
retinal changes at an early stage before significant visual
loss has occurred. Stopping HCQ when early toxicity is
discovered usually halts progress enough to avoid damage
to the fovea, and therefore prevents clinically noticeable
visual loss. Despite the effectiveness of screening, preven-
tion of toxicity is important to preserve the ability to use
HCQ over the long-term. Although clinicians are aware of
the need for HCQ retinal screening, studies to date suggest
that many patients are receiving higher than recommended
doses of the drug. For example, several studies have found
that the prevalence of daily dosing above the 2011 AAO
recommendation (6.5 mg/kg) ranges from 13 to 74% [1,
6-9], with estimates based on actual weight [1], ideal
weight [6, 8, 9], or the lesser of the two [7].

The goal of our study was to perform a comprehensive
evaluation of HCQ dosing in routine clinical practice and
identify specific patient populations that are at higher risk
for receiving doses associated with retinal toxicity. By
looking at HCQ dosing episodes over time, we also sought
to assess whether practice is adapting to incorporate the
2011 and updated AAO guidelines. To our knowledge,
this is the first study to examine prescribing episodes of
HCQ dosing longitudinally and characterize populations at
higher risk for patient safety events.
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Materials and methods
Study population

The data are derived from electronic health records (EHR)
of a large university health system with over 750,000 out-
patient visits per year. EHR data available included demo-
graphics, diagnosis grouper codes, medications, clinical
encounter notes, and scanned documents. We included
all patients who received a prescription for HCQ in our
health system between June 1, 2012 (the date on which the
EHR was implemented) and September 1, 2016. We cat-
egorized the dates of the prescriptions by calendar year
to measure dosage above guidelines longitudinally: 2012
(06/01/2012-12/31/2012), 2013, 2014, 2015, and 2016
(01/01/2016-09/01/2016). Because patients could have
more than one prescription for HCQ within a year, we used
the HCQ dose at the last prescription within each time-
period to determine HCQ dosage for a given individual.

A total of 3637 prescribing events were extracted over
the five time-periods. Twenty prescribing events were
excluded as they represented short-term HCQ use for
malaria prophylaxis. After additionally removing duplicate
prescribing events, a total of 3490 prescriptions remained
for 1681 unique individuals.

Because some patients had a varying schedule of HCQ
pills per day, daily dose of HCQ (mg) was calculated as
the total prescribed amount over a week period [as derived
from prescription order “description” (e.g. hydroxychlo-
roquine, chloroquine, or Plaquenil), “sig” (e.g. “Take one
tablet twice daily on even numbered days and once daily on
odd numbered days”), and “discrete dose” (e.g. 200) fields
from the EHR] divided by 7 days. Since the biological half-
life of HCQ is relatively long (more than 40 days) [10], pre-
cise dosing schemes did not seem of clinical importance for
this study and instead the average daily dosage over a week
was used. Chart reviews were conducted if description
fields were blank (n = 96); five prescriptions were miss-
ing dosage that could not be obtained through chart review.
Daily dose (mg) was divided by each patient’s recorded
weight (kg) in the EHR during the year of prescription.
Weight data were available for 2901 prescribing events. For
missing values, recorded weight within 2 years prior to pre-
scription was used if available in the EHR (n = 166), leav-
ing approximately 12% of prescribing events with missing
weight values (n = 423).

The outcome was defined as dosage above the 2011
AAQO guidelines (<6.5 vs. >6.5 mg/kg daily), or dosage
above the updated AAO guidelines (<5.0 vs. >5.0 mg/kg
daily) for each time-period. Both outcomes were based on
actual body weight in order to directly compare estimates
and interpret findings. A previous study also found that
actual weight was a better predictor of retinal toxicity than
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ideal body weight, and actual weight accounted for risk
evenly over a wide range of body types [4]. The outcome
variable was available for a total of 3067 prescribing events
across the five time-periods.

Covariates

Covariates in our study included sex, age, race, weight,
insurance type, provider specialty, number of face-to-
face rheumatology visits per year, and a number of clini-
cal status variables. Primary diagnosis requiring HCQ was
extracted from the index HCQ prescription or the corre-
sponding clinical notes and categorized into three groups
for statistical analyses, allowing for a sufficient sample size
in each level of the variable: systemic autoimmune dis-
ease (systemic lupus erythematosus, rheumatoid arthritis,
dermatomyositis, unspecified connective tissue disease,
sarcoidosis, scleroderma, Sjogren’s disease), primary der-
matologic disease (lichen planus/plano-pilaris, alopecia,
discoid lupus), or other. Ordering clinic was defined by
the specialty of the ordering supervising physician who
prescribed the HCQ. Comorbidity was measured using a
modified Charlson score calculated according to the Deyo
protocol [11]. Liver and renal disease were characterized
based on subscores of the Charlson index: mild liver dis-
ease (cirrhosis without portal hypertension, chronic hepa-
titis); moderate or severe liver disease (cirrhosis with por-
tal hypertension =+ variceal bleeding); and moderate or
severe renal disease (creatinine >3 mg/dl), dialysis, trans-
plantation, uremic syndrome). In a sub-analysis, estimated
glomerular filtration rate (eGFR) was used in place of a
diagnosis code for renal disease. eGFR was derived from
creatinine values according to the Chronic Kidney Disease
Epidemiology Collaboration equation, which is based on
age, gender, and race (African American vs. non-African
American) [12], for the year in which HCQ was prescribed.
History of macular eye disease was determined from ICD
code (retinal detachments and defects; chorioretinal scar;
vitreomacular traction; and/or other retinal disorder).

Statistical analysis

The proportion of individuals dosed above AAO guide-
lines (>6.5 and >5.0 mg/kg daily) was calculated for each
year (2012-2016). Longitudinal multivariate mixed effects
logistic regression models were used to identify sociode-
mographic, clinical and health system factors associated
with dosage above guidelines across all years. Age, Charl-
son score, renal disease, eGFR, number of rheumatology
face-to-face visits per year, and macular eye disease were
not associated with dosing according to either criteria
(univariate analyses, p > 0.05) and thus were not included
in the final models. All variables in the final model were

confirmed to be non-collinear. We assumed that data were
missing not at random, and modeled missing variables to
be imputed (weight, dosage above or below 6.5 mg/kg, and
dosage above or below 5.0 mg/kg; n = 423, 12%) based
on age, sex, race/ethnicity, insurance, and Charlson score
using chained equations (Stata, ‘mi impute chained’). We
imputed dosage on a number of variables given that pre-
scription patterns may vary due to other factors beyond
weight. We specified 5 imputations and a burn-in period of
10. To predict future estimates of dosing practices, ARIMA
time series models were utilized specifying the outcome as
the percentage of individuals dosed above AAO guidelines
at each time point. All analyses were conducted using Stata
v.13.1 or R v.3.3.1. The study was approved by the Com-
mittee on Human Research at the University of California,
San Francisco (Study Number: 15-17561).

Results

Demographic and disease characteristics of individuals
included in the study are demonstrated in Table 1. More
than 80% of patients were female and 42% white. Mean
age was 44.48 (+19.39) years. Rheumatologists ordered
over half of HCQ prescriptions, and 69% were prescribed
for a systemic autoimmune disease. On average, individuals
were observed across 2.07 (+1.26) time-periods.

The proportion of patients receiving higher than rec-
ommended doses of HCQ decreased during 2012-2016
according to both AAO guidelines (Fig. 1). Approximately,
12% of patients were dosed above the 6.5 mg/kg recom-
mendation in 2012, but this proportion dropped to 7% by
2016. Similarly, 38% of patients were dosed above the
5.0 mg/kg recommendation in 2012, and 30% in 2016.

Factors associated with HCQ dosing above AAO recom-
mendations are demonstrated in Table 2.

Dosing above 6.5 mg/kg was significantly associated
with female sex (odds ratio [OR] 5.46, 95% confidence
interval [CI] 1.89, 15.72), African American race compared
to whites (OR 0.14, 95% CI 0.03, 0.58), mild liver disease
(OR 0.17, 95% CI 0.04, 0.73), Medicaid insurance com-
pared to private insurance (OR 0.26, 95% CI 0.09, 0.77),
and other indication compared to systemic autoimmune
disease (OR 3.20, 95% CI 1.03, 9.91) after controlling for
the stated variables as well as ordering clinic, indication
and year. After additionally controlling for weight, only
Medicare and Medicaid insurance status were significantly
associated with dosage status. Medicare insurance was
associated with higher odds of being dosed above guide-
lines (p = 0.004), while Medicaid insurance was associated
with a decreased odds (p = 0.005). As expected, increas-
ing weight (kg) was significantly associated with decreased
odds of being dosed above guidelines (p < 0.001). Each
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Table 1 Demographic

and disease characteristics
of individuals prescribed
hydroxychloroquine at first
prescribing event (n = 1681)

@ Springer

Characteristic

N (%) or mean (+SD)

Number of time periods with prescribing event
Female
Age
<18
18-50
51-75
>75
Race
White
African American
Hispanic
Asian
Other/multiple
Insurance type
Private
Medicare
Medicaid
Uninsured
HCQ ordering provider specialty (clinic)
Rheumatology
Dermatology
General Internal Medicine/Primary care
Other

Number of face-to-face rheumatology visits per year®

Indication for HCQ
Systemic autoimmune disease
Primary dermatologic disease
Other
Charlson score
Renal disease’

Glomerular filtration rate (mL/min/1.73 m?)
>60
<60

Mild liver disease®

Moderate/severe liver disease®

Weight (kg)

Females

Males
Macular eye disease®
Retinal detachments and defects
Chorioretinal scar
Vitreomacular traction
Other retinal disorder

2.07 +£1.26
1375 (82%)

162 (10%)
805 (48%)
642 (38%)
74 (4%)

711 (42%)
167 (10%)
264 (16%)
247 (15%)
292 (17%)

853 (51%)
452 (27%)
316 (19%)
62 (4%)

972 (58%)
420 (25%)
85 (5%)

206 (12%)
3.81 (2.36)

1154 (69%)
297 (18%)
277 (14%)
227 £2.63
255 (15%)

1745 (91%)
167 (9%)
137 (8%)
21 (1%)

69.17 + 20.59
82.46 +£22.9

3 (<1%)
4(<1%)
1(<1%)
31 2%)

Percentages may not equal 100 due to rounding
n=1092

® Defined using Charlson Comorbidity Index: mild liver disease (cirrhosis without portal hypertension,
chronic hepatitis); moderate or severe liver disease (cirrhosis with portal hypertension + variceal bleeding);
and moderate or severe renal disease (creatinine > 3 mg/dl), dialysis, transplantation, uremic syndrome)

¢ One individual had two types of eye disease and was counted twice
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Fig. 1 Proportion of patients who exceeded AAO hydroxychloro-
quine dosing guidelines, by year (multivariate adjusted p value for
trend = 0.002 and <0.001, for >6.5 and >5.0 mg/kg, respectively)

year was also associated with decreased odds of being
dosed above guidelines (p value for trend = 0.002), with
the largest decrease occurring in year 2016 as compared to
2012 (OR 0.27, 95% CI1 0.12, 0.63; p = 0.002).

Dosage above 5.0 mg/kg was inversely associated with
African American race (OR 0.30, 95% CI 0.11, 0.79) and
Hispanic ethnicity (OR 0.28, 95% CI 0.12, 0.64) compared
to whites, and Medicaid insurance (OR 0.23, 95% CI 0.11,
0.50) and uninsured status (OR 0.12, 95% CI 0.02, 0.76)
compared to those with private insurance. Patients being
prescribed HCQ through the dermatology clinic had over
a six-fold risk of receiving higher than recommended
doses compared to patients prescribed HCQ through the
rheumatology clinic (OR 6.55, 95% CI 2.64, 16.24). All
associations beside African American race persisted after
adjusting for weight; in addition, Asian individuals were
significantly less likely to be dosed above guidelines (OR
0.39,95% C10.17, 0.87). Similar to findings for 6.5 mg/kg,
year and weight were inversely associated with HCQ dose
above 5.0 mg/kg (p < 0.001).

Stratification by weight demonstrated that 14-22% of
patients exceeded the 6.5 mg/kg guideline if they weighed
<68 kg (or 150 Ib, the median weight in our study sample)
compared to 0—1% of patients >68 kg over the entire study
period. In a multivariate analysis, individuals weighing less
than 68 kg were at highest risk for receiving HCQ doses
above 6.5 mg/kg across all time points after adjusting for
covariates (ORs ranging from 13.2 to 21.0; p < 0.01). On
average, those receiving higher than recommended doses
were prescribed 0.7-1.2 mg/kg over 6.5 mg/kg. Approxi-
mately 39-47% of patients exceeded the 5.0 mg/kg guide-
line if they weighed <68 kg compared to 21-26% of peo-
ple >68 kg over the study period. Similar to findings for
6.5 mg/kg, individuals weighing less than 68 kg were at
highest risk for receiving HCQ doses above 5.0 mg/kg
across all time points after adjusting for covariates (ORs

ranging from 1.9 to 2.8; p < 0.01). On average, those
prescribed higher than recommended doses received
0.8-1.1 mg/kg over the 5.0 mg/kg criteria.

Sensitivity analyses demonstrated that age, Charl-
son score, insurance (Medicaid, uninsured), and ordering
clinic (dermatology, other) were significantly associated
with missing weight (12%), which could potentially influ-
ence results, since weight is required for dose calculations.
Therefore, we conducted multiple imputation to assign
weight, as well as dosage above or below 6.5 and 5.0 mg/
kg, for missing values (final n = 3490 prescribing events).
Imputed data demonstrated results consistent with our main
findings, indicating that missing data were not likely to
influence conclusions.

Time series modeling projected that in 2017, approxi-
mately 9% of individuals will be dosed above the 6.5 mg/kg
recommendations (95% CI 5.49, 12.51), and 32.6% of indi-
viduals will be dosed above the 5.0 mg/kg recommenda-
tions (95% CI 26.71, 38.49), suggesting that if passive dif-
fusion of knowledge continues, it may require several years
for a significant decrease in the proportion of individuals
on high doses of HCQ.

Discussion

We sought to examine the uptake of AAO patient safety
guidelines on clinical practice within a large university
health center. The International Classification for Patient
Safety framework highlights the importance of detection
and characterization of mitigating factors as key elements
in the prevention and reduction of risk [13]. Our analyses
showed that over the 5 year period, the percentage of indi-
viduals with HCQ dosing inconsistent with both guide-
lines decreased; however, in 2016, approximately 1 in 14
patients were still prescribed HCQ >6.5 mg/kg, and 1 in 3
>5.0 mg/kg. On average, the patients who were prescribed
HCQ doses in excess of the guidelines received HCQ doses
of 1 mg/kg above the recommended dose, which over time
may be clinically meaningful and could contribute to an
increased number of adverse events [4].

Studies of practice patterns in a variety of health care
settings have reported that the proportion of patients
receiving daily doses of HCQ above 6.5 mg/kg is consist-
ently high [14], ranging from 13 to 74% [1, 6-9]. While
our estimates were lower than those published, there are
important differences to note. Previous reports included a
small number of participants with at least 5 years of HCQ
use [6], provided estimates among individuals also seen by
ophthalmologist [9] or undergoing HCQ screening in an
ophthalmology practice [7], or calculated dosing according
to ideal rather than actual body weight [6, 8, 9]. Our 2011
prevalence estimate for dosage above 6.5 mg/kg (12%) is

@ Springer
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Table 2 Multivariate models demonstrating factors associated with hydroxychloroquine dosing above AAO Guidelines

>6.5 mg/kg >5.0 mg/kg
OR (95% CI) p value OR? (95% CI) p value OR (95% CI) p value OR? (95% CI) p value
Female sex 5.46 (1.89,15.72) 0.002 1.36(0.38,4.85) 0.64 1.84 (0.90,3.79) 0.10 0.46 (0.20,1.02) 0.06
Race
White 1.00 - 1.00 - 1.00 - 1.00 -
African American 0.14 (0.03,0.58) 0.01 0.41(0.07,2.34) 0.32 0.30(0.11,0.79) 0.02 0.96 (0.34,2.72) 0.94
Hispanic 0.34 (0.11, 1.05)  0.06 0.32 (0.08,1.23) 0.10 0.28 (0.12,0.64) 0.003  0.28 (0.12,0.69) 0.01
Asian 1.71 (0.64,4.56) 0.28 0.59(0.21,1.69) 0.33 1.14 (0.53,2.43) 0.73 0.39 (0.17,0.87)  0.02
Other/mixed 0.84 (0.31,2.29) 0.74 0.45 (0.14, 1.40)  0.17 1.02 (0.48,2.22) 0.95 0.64 (0.28,1.44) 0.28
Mild liver disease 0.17 (0.04,0.73)  0.02 0.25 (0.05,1.39) 0.11 0.48 (0.18,1.24) 0.13 0.79 (0.28,2.18) 0.64
Insurance
Private 1.00 - 1.00 - 1.00 - 1.00 -
Medicare 2.28 (0.99,5.26) 0.05 3.95(1.54,10.13) 0.004 0.83(0.44,1.56) 0.57 1.18 (0.60, 2.30) 0.64
Medicaid 0.26 (0.09,0.77)  0.02 0.15 (0.04,0.57) 0.005 0.23(0.11,0.50) <0.001 0.24 (0.11,0.54) 0.001
Uninsured 0.91 (0.10, 8.00) 0.93 1.08 (0.09, 12.75) 0.95 0.12 (0.02,0.76)  0.02 0.10 (0.02,0.69) 0.02
Ordering clinic
Rheumatology 1.00 - 1.00 - 1.00 - 1.00 -
Dermatology 2.74 (0.76,9.84) 0.12 2.03 (0.49,8.50) 0.33 6.55 (2.64,16.24) <0.001 7.41(2.77,19.81) <0.001
General Internal Medicine/ 1.99 (0.62, 6.47) 0.25 2.10(0.59,7.43) 0.25 1.59 (0.65,3.88) 0.31 1.63 (0.64,4.15) 0.30
Primary Care
Other 1.11 (0.39, 3.17) 0.84 0.84 (0.27,2.66) 0.77 1.40 (0.73,2.70) 0.32 1.19 (0.60, 2.36)  0.62
Indication
Systemic autoimmune 1.00 - 1.00 - 1.00 - 1.00 -
disease
Primary dermatologic 1.23 (0.27,5.58) 0.79 0.97 (0.18,5.38) 0.97 1.15(0.38,3.45) 0.76 1.03 (0.32,3.39) 0.96
Other 3.20(1.03,9.91) 0.04 3.27 (0.94,11.31) 0.06 0.81(0.34,1.91) 0.62 0.71 (0.28, 1.77)  0.46
Year
2012 1.00 - 1.00 - 1.00 - 1.00 -
2013 0.52 (0.26, 1.06) 0.07 0.58 (0.27, 1.24) 0.16 0.43 (0.26,0.71) 0.001  0.46 (0.27,0.78) 0.004
2014 0.33 (0.16,0.70)  0.004  0.38 (0.17,0.83) 0.02 0.42 (0.25,0.71) 0.001  0.49 (0.29,0.84) 0.01
2015 0.33 (0.16,0.68) 0.003  0.39(0.18,0.86) 0.02 0.33 (0.19,0.55) <0.001 0.40 (0.23,0.70) 0.001
2016 0.24 (0.11,0.51) <0.001 0.27 (0.12,0.63) 0.002 0.22 (0.13,0.39) <0.001 0.27 (0.15,0.47) <0.001
p value for trend <0.001 0.002 <0.001 <0.001
Weight - - 0.85(0.82,0.89) <0.001 - - 0.89 (0.87,0.90) <0.001

# Model additionally adjusted for weight

consistent with findings from a large, national longitudinal
study (n ~ 4000) of RA and SLE patients published in 2010
that based estimates on actual body weight (13%) [1].

Prior literature has identified barriers to uptake of new
clinical guidelines by clinicians, including lack of aware-
ness, lack of familiarity, lack of outcome expectancy, lack
of agreement with the evidence, lack of self-efficacy, exter-
nal barriers, and inertia of previous practice [15, 16]. In
cases where patients did not have weight recorded, receiv-
ing doses above recommended guidelines may be due to
clinicians’ lack of awareness or familiarity with the AAO
criteria, or inertia of previous practice, when prescription
of HCQ did not incorporate an individual’s weight. Lack
of agreement with guidelines is also a potential factor
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influencing clinician uptake, as the extent to which the
5.0 mg/kg criteria should be upheld is currently debated
[17]. For example, clinicians may intentionally prescribe
doses above recommendations to better manage a patient’s
disease, and lowering HCQ dose in certain individuals has
the potential to increase symptoms and disease activity [18,
19]. There is also concern that lowering dosage may cause
patients to fall out of therapeutic range of HCQ, as various
factors have been associated with blood concentration of
HCQ, such as renal insufficiency, high estimated creatinine
clearance, and disease activity [20, 21]. Since the newer
recommendation is based on one retrospective case—con-
trol study of patients within Kaiser Permanente [4], addi-
tional, prospective studies are needed to assess whether the
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5.0 mg/kg threshold significantly reduces risk of retinal
toxicity in other populations. Comprehensive and consist-
ent retinal screening remains critical to monitoring the risk
of adverse events in patients.

Characterizing factors associated with inappropriate
dosing may assist in identifying targets for quality improve-
ment. We found that ordering clinic, specifically dermatol-
ogy, was significantly associated with dosage above 5.0 mg/
kg, but not 6.5 mg/kg. This line of evidence may suggest
an unfamiliarity with or rejection of the newer guidelines.
While missing weight was associated with dermatology as
the ordering clinic, a significant association between der-
matology and HCQ dose above 5.0 mg/kg remained after
imputation of missing weight values, indicating that our
main results were not likely to be biased by missing data.
Given that no difference in weight was found between any
of the ordering clinics (before and after imputation), dosage
above 5.0 mg/kg within dermatology may also be due to a
failure to routinely weigh patients and therefore an inabil-
ity to tailor an individual’s dosage appropriately. Clinical
decision support that incorporates weight measurement
and suggests weight-based dosing may encourage clini-
cian adherence to guidelines and facilitate patient safety
improvement [22].

Our findings also indicated that lower weight is a risk fac-
tor for dosing above the recommended levels. We found that
individuals who weighed less than 68 kg (or 150 Ib) were
significantly more likely to be dosed above guidelines com-
pared to individuals weighing more than 68 kg. Further, as
previously noted [15], HCQ pill size (200 mg) is not opti-
mized for safe dosing, as it is typically prescribed as 1 or 2
pills, without attention to whether this dosage meets AAO
guidelines according to a patient’s weight. Our results further
encourage lobbying to manufacturers to create additional
options for pill doses in order to ensure appropriate dosing.

Strengths of our study include a longitudinal, compre-
hensive evaluation of HCQ dosing in a large university
health system while accounting for a number of covari-
ates over a period of 5 years. We also identified certain
patient groups more likely to receive doses above current
guidelines, thus at higher risk for patient safety events.
Limitations of the study include the university setting
of patient information, which may reflect a more severe
patient population and may not be generalizable to other
populations. We assessed dosage using EHR records of
the last prescription within the year, which may not reflect
the actual dosage taken by patients as advised by clini-
cians through face-to-face patient instructions or other
means. We were not able to assess whether higher HCQ
doses were associated with retinal toxicity and/or other
adverse effects. Additionally, we were not able examine

underlying disease activity or detailed clinical decision
making around potentially deliberate dosing of HCQ
above guidelines. Lastly, we were not able to evaluate the
influence of the time duration of the drug prescription for
this study. Because a majority of patients were prevalent
users of HCQ and because our EHR includes only 5 years
of data, we are unable to calculate a drug initiation date
for a majority of patients.

Adverse effects of medications, such as retinopathy,
can be experienced by patients taking HCQ and may be
more common than previously reported. Efforts to rou-
tinely screen patients can assist in identifying early signs
of retinal toxicity, but appropriate HCQ dosing strate-
gies are critical to ensure that patients can safely use
this important medication. Our longitudinal data sug-
gest that uptake of AAO guidelines is encouraging, with
substantial improvements in the number of individuals
dosed above both 6.5 and 5.0 mg/kg criteria. Our findings
point to specific patient-level factors, such as lower body
weight, and health system factors, such as clinical visits
in which weight is not measured, that should be targets
for quality improvement. Clinical decision support may
assist in increasing clinician adherence to current guide-
lines, especially where there exists a lack of awareness,
lack of familiarity, or inertia of previous practice. These
approaches have the potential to improve patient safety
on a large scale by reducing the risk of HCQ-associated
adverse outcomes.
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