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Adherence to Weight-Based Dosing Guidelines in Patients 
Receiving Hydroxychloroquine for Systemic Lupus 
Erythematosus and Rheumatoid Arthritis: Results of a 
Quality Improvement Initiative
Tara Skorupa  and Robert H. Shmerling

Objective. Hydroxychloroquine (HCQ) is commonly prescribed for the treatment of systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), and other rheumatic diseases. To limit retinal toxicity, the 2016 American Academy of 
Ophthalmology (AAO) guidelines recommended limiting the HCQ dose to 5 mg/kg/day or less. Our objective was to 
develop a quality improvement program to improve adherence to these guidelines.

Methods. We performed a retrospective analysis of 801 adult patients receiving HCQ for SLE and RA in a single 
academic rheumatology practice. In 2018, we calculated weight-based doses of HCQ at two time points at least 
6 months apart. We surveyed provider opinions regarding the 2016 AAO guidelines and implemented a quality 
improvement intervention during which dosing data were shared with all prescribers (individually and in aggregate) and 
nurse-aided decision support was provided for HCQ refill requests. One year after the initial analysis and intervention, 
we again assessed weight-based doses of HCQ for the 674 patients still taking HCQ.

Results. At both measured time points during 2018, 22.8% of patients received doses greater than 5 mg/kg/day. 
For 60% of those patients, the dose of HCQ was reduced to 5 mg/kg/day or less by the study end. Between the 
second time point in 2018 and the postintervention time point in 2019, there was a statistically significant increase in 
the proportion of patients receiving of dose of 5 mg/kg/day or less (from 74% to 87%; P < 0.0001).

Conclusion. We observed a significant increase in adherence with current AAO guidelines for weight-based HCQ 
dosing after providing feedback to providers regarding their prescribing data and reviewing weight-based dosing 
prior to refilling prescriptions.

INTRODUCTION

Hydroxychloroquine (HCQ) is a commonly prescribed med-
ication for the treatment of systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), and other rheumatic diseases. 
Its safety profile is favorable compared with those of most 
other medications available for these conditions. Retinal toxic-
ity is a rare but well-recognized complication of HCQ use, and 
the risk of HCQ-induced retinopathy correlates with daily dose 
and duration of use (1). In addition to ophthalmologic screening 
examinations, the 2016 guidelines of the American Academy of 
Ophthalmology (AAO) recommend limiting the dose of HCQ to 

5 mg/kg/day or less of actual body weight to reduce the risk of 
retinopathy (1).

Prior studies examined HCQ prescribing practices after 
the introduction of these guidelines (2,3,4,5). In these studies, 
between 30% and 56% of patients taking HCQ received a dose 
greater than the 2016 guidelines, with higher dosing among 
patients with low body weight (2,3,5). The goal of this study was 
to determine the current proportion of patients in a large tertiary 
care, academic rheumatology practice whose HCQ doses com-
plied with the AAO guidelines, to assess provider perspectives 
on the guidelines, and to implement measures to improve adher-
ence over time.
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PATIENTS AND METHODS

Preintervention analysis (2018). We performed a single-
center retrospective analysis of 1066 adult patients receiving HCQ 
for SLE or RA in the rheumatology practice of Beth Israel Deacon-
ess Medical Center between January 1, 2018, and December 
31, 2018. To account for any “loading dose” adjustments dur-
ing initiation, we included only patients with two rheumatology 
provider interactions separated by at least 6 months (Figure 1). 
For patients who discontinued the drug, the reason for discon-
tinuation was noted, but these patients, as well as those lost to 
follow-up or who died during the period of study, were excluded 
from analysis (Figure 1). For the remaining 801 patients, we col-
lected each patient’s weight and HCQ dose (using both prescrip-
tion list from the online medical record and pharmacy fill history). 
We used these data to determine the daily weight-based dose at 
each time point and calculated aggregate dosing averages for the 
practice and dosing data for individual providers. Using data from 
the second (preintervention) time point, we stratified patients into 
three dosing categories (≤5 mg/kg/day, >5 to <6.5 mg/kg/day, 
and ≥6.5 mg/kg/day). We calculated the median age, age range, 
sex distribution, average body weight, and rheumatology pro-
vider’s number of years in independent practice. We performed 
one-way ANOVA and t-tests to assess for statistical significance 
across groups.

Quality improvement intervention. Through mid-2019, 
we implemented a two-pronged quality improvement intervention. 
First, we shared the practice’s aggregate, anonymized dosing aver-
ages with all 19 providers in the practice, including 13 attending 
physicians and six fellows-in-training. We then provided each pre-
scriber with their own dosing data, including a list of medical record 
numbers for patients receiving a dose greater than 5 mg/kg/day.

The second part of our intervention involved nursing-aided 
decision support for HCQ refill requests. For each request, nurses 
forwarded the patient’s weight-based dose (using the most recent 
weight documented in the medical record) to the prescribing phy-
sician for approval, alerting the physician if the dose was greater 
than 5 mg/kg/day.

Provider survey. Shortly after sharing the 2018 prescrib-
ing data with individual providers, we distributed an anonymous 
electronic survey to all providers in the practice. We asked the 
following four questions regarding their attitudes toward the AAO 
dosing guidelines:

1.	 “Do you support the current recommended weight-based 
dosing limit for HCQ of 5mg/kg/day proposed by the American 
Academy of Ophthalmology?”

2.	 “Under what circumstances would you consider exceeding the 
recommended 5mg/kg/day dosing guideline for HCQ?”

3.	 “After receiving the data of your own prescribing practices for 

HCQ, was any of the information unexpected?”
4.	 “Having received this data of your own prescribing practices 

for HCQ, will this change how you prescribe the medication?”

Postintervention analysis (2019). In early 2020, we 
reviewed the same 801 patients included in the 2018 analysis 
who continued to take HCQ through the 2019 calendar year. 
We excluded patients with a single time point in 2018 as well as 
those who were newly started on the medication in 2019. We 
also excluded patients who died during 2019, who were lost to 
follow-up, or for whom the drug was discontinued (Figure 1). For 
the remaining 674 patients, we recorded the most recent weight 
and HCQ dosage from the second half of 2019, after our quality 
improvement intervention. We used these data to calculate aggre-
gate dosing averages for the practice and dosing changes for indi-
vidual patients.

Using SAS-JMP software, we performed McNemar’s test to 
assess for statistical significance between our second preinter-
vention time point and our postintervention time point. We chose 
the second date from 2018 as our preintervention time point in 
order to account for any loading dose adjustments that may have 
been used for patients newly started on HCQ in early 2018. We 
also performed a multivariate analysis, adjusting for patient age, 
patient sex, patient weight, and prescribing provider.

Figure 1.  Patients included in the 2018 and 2019 analyses. HCQ, 
hydroxychloroquine; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus.
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Institutional review board statement. This study was 
reviewed and approved by the Institutional Review Board of Beth 
Israel Deaconess Medical Center.

RESULTS

Preintervention analysis. Of the 801 patients included in 
the preintervention analysis, 68.4% received 5 mg/kg/day or less 
at both dates and an additional 10.3% were prescribed 5 mg/kg/
day or less for at least one of the two dates. Of this 10.3%, nearly 
two-thirds had doses that trended down from Date 1 to Date 2, 
whereas the rest had doses that trended up across time points. Of 
all the patients in the analysis, 21.3% received a dose greater than 
5 mg/kg/day for both dates in 2018. Table 1 includes patient char-
acteristics stratified by dosing range at the second preintervention 
time point. Among these patients, there was a statistically sig-
nificant decrease in average patient weight with increasing HCQ 
dosing interval (P < 0.0001), with mean weights of 80.7 kg for 
patients who received 5 mg/kg/day or less (95% confidence inter-
val [CI], 79.1-82.3), 67.0 kg for patients who received greater than 
5 mg/kg/day and less than 6.5 mg/kg/day (95% CI, 63.9-70.1), 
and 54.4 kg for patients who received 6.5 mg/kg/day or more 
(95% CI, 48.2-60.6). Additionally, providers for patients with HCQ 
doses of 6.5 mg/kg/day or more had a higher average number 
of years in independent practice (12.1 years; 95% CI, 11.3-13.0) 
compared with providers for patients with HCQ doses of 5 mg/kg/
day or less (17.12 years; 95% CI, 13.9-20.3) (P = 0.01). Because 
our study population was mostly female (87%), we were unable to 
assess differences by sex across dosing groups.

Provider survey. Of the 19 providers whose patients were 
included in the preintervention analysis, two left the practice before 
the survey was sent. Of the remaining 17 providers, 13 responded 
(response rate: 76%). Eleven of 13 respondents (85%) supported 
the current recommended weight-based dosing limit for HCQ of 
5 mg/kg/day or less proposed by the AAO. Of the two who did 
not fully endorse the guidelines, one proposed that dosing based 
on ideal body weight would be safer. The other suggested that 
as long as a patient receives annual screening eye examinations 
to detect early retinal changes, HCQ at doses more than 5 mg/
kg/day may be safer and less immunosuppressive for selected 
patients than other agents available for SLE and RA.

In fact, respondents expressed several circumstances in 
which they would prescribe doses of HCQ that exceed the 

guidelines. Most providers (77%) felt that dosing more than 5 mg/
kg/day for a limited amount of time is safe. One provider sug-
gested that a patient with SLE whose disease is flaring might 
temporarily require a higher-than-usual dose of HCQ. Another 
provider suggested that because HCQ can take several weeks 
to provide clinical benefit and because the ideal dose for an indi-
vidual patient is uncertain, a patient might temporarily warrant a 
higher dose when first prescribed. Nearly half of providers (46%) 
also noted that they would endorse exceeding dosing guidelines 
in order to avoid potentially more toxic medications. Moreover, 
two (15%) noted that they may exceed HCQ dosing guidelines in 
order to simplify a patient’s medication regimen (as HCQ is availa-
ble only in 200-mg tablets in the United States).

Of the 13 respondents, 9 (69%) felt that the data describ-
ing their own HCQ prescribing practices were as expected. Four 
(31%) noted unexpected findings. For two of these providers, the 
data uncovered scenarios that had led to a higher-than-anticipated 
HCQ dose for their patients. For example, one respondent noted 
that some patients postponed follow-up and remained on higher 
doses for longer than planned. Another noted that a patient’s sub-
stantial weight loss warranted a dose adjustment that had not yet 
been made. Nearly half of the responding providers (including all 
providers who described their individual data as containing unex-
pected findings) planned to change their prescribing behavior on 
the basis of the data provided.

Postintervention analysis. Of the 801 patients included 
in the 2018 analysis, 674 continued to receive care within the prac-
tice during 2019 and continued HCQ through the end of the 2019 
calendar year. Among these 674 patients, 154 had received more 
than 5 mg/kg/day for both Dates 1 and 2 during 2018; 93 (60%) 
of them had dose reductions to 5 mg/kg/day or less by Date 3. Of 
those who still received a dose greater than the guidelines at Date 
3, 50 (82%) received a dose between 5 mg/kg/day and 6.5 mg/
kg/day, and 11 (18%) received doses greater than 6.5 mg/kg/day.

Our quality improvement intervention was associated with a 
statistically significant reduction in HCQ dose between Dates 2 
and 3 (Figure 2). By Date 2, all patients had been taking HCQ 
for at least 6 months. Between Dates 2 and 3, the proportion 
of patients receiving a dose of 5 mg/kg/day or less increased 
from 74% to 87% (P < 0.0001). Notably, among providers who 
continued to prescribe doses above the guidelines by the end of 
the study, two documented that if the patients’ disease control 
remained adequate, they planned to lower the dose in the future.

Table 1.  Patient characteristics at the second preintervention time point

Dosing Range at 
Date 2

Median Age, 
n (range)

Female 
Patients, 

n (%)

Male 
Patients, 

n (%)
Average Body 

Weight, kg
Provider With 0-10 

Years in Practice, n (%)

Provider with 10+ 
Years in Practice  

n (%)
<5 mg/kg/day 55 (19-98) 508 (73) 90 (86) 80.7* 264 (78) 335 (73)
>5 to <6.5 mg/kg/day 47.5 (19-84) 147 (21) 15 (14) 67.0* 62 (18) 100 (22)
>6.5 mg/kg/day 50.5 (24-94) 40 (6) 0 (0) 54.4* 13 (4) 27 (6)

* P < 0.0001. 
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In a multivariate analysis adjusting for the patient age, 
weight, and sex and the prescribing provider’s number of 
years in independent practice, the specific provider was a sig-
nificant effect modifier (P < 0.01). This aligned with the pattern 
we observed in that certain providers tended to prescribe lower 
doses of HCQ or reduce their patients’ HCQ doses more often 
than others. We did not find an association between provider sex 
or years in practice and the likelihood of dose adjustment, nor did 
we detect an association between whether a provider responded 
to the survey and the likelihood of dose adjustment.

DISCUSSION

This study assessed adherence to the 2016 AAO dosing 
guidelines for HCQ in an academic tertiary care practice, surveyed 
attitudes of prescribers regarding the guidelines, and evaluated the 
impact of quality improvement interventions to increase adherence. 
The preintervention rate of HCQ doses of more than 5 mg/kg/day 
(24%) in our practice was lower than rates described in the liter-
ature shortly after publication of the 2016 AAO guidelines (2,3,4). 
Perhaps this is related to increased time elapsed since publication 
of the guidelines, or it may reflect geographical variation. Consist-
ent with prior studies (2,3,5), we found that patients receiving a 
dose of more than 5 mg/kg/day were more likely to be of lower 
body weight compared with patients receiving doses according to 
the guidelines. More experienced physicians were somewhat more 
likely to prescribe higher doses of HCQ; this could be due to long-
standing practice habits that were resistant to change after the 
2016 guidelines were released or greater confidence in the safety 
of HCQ despite changes in guidelines. Notably, the effectiveness 
of our intervention was not significantly different between more or 
less experienced physicians. After providing feedback regarding 
prescribing data to physicians in our practice and alerting them 
regarding refill requests for doses that exceed current guidelines, 

we observed a significant increase in the proportion of patients 
whose HCQ doses were 5 mg/kg/day or less.

The 2016 AAO guidelines modified prior recommendations by 
decreasing the recommended HCQ dosing limit from 6.5 mg/kg/
day of ideal body weight or less to 5 mg/kg/day of actual body 
weight or less (6,7). Significant nonadherence with these guidelines 
has been observed and may increase risk of retinopathy, particu-
larly with long-term use of HCQ (7). One criticism of these guidelines 
has been that they do not take into account the clinical nuances of 
treating patients with SLE (8), RA, and other rheumatic diseases. 
That said, a recent multispecialty joint statement (including six rheu-
matologists) expressed support of the 2016 AAO guidelines while 
still emphasizing the medication’s importance (9). Adherence with 
the AAO guidelines could certainly have unintended consequences, 
including increased disease activity and loss of other potential ben-
efits from HCQ, including reduced mortality (10), reduced risk of 
thrombosis, and reduced metabolic and cardiovascular disease 
(11). There is no well-established minimum effective dose for HCQ 
(4), and it is unclear what dose is necessary to confer these other 
potential benefits. Further research into this area would be helpful 
to guide dose reduction guidelines in the future.

Our survey and quality improvement intervention identi-
fied some important insights into HCQ prescribing practices at 
our institution. Providers within our practice acknowledged that 
there are times that they would not follow these guidelines (such 
as increased disease activity), but some providers were clear that 
they would follow the guidelines more closely if made more aware 
of their practice patterns. Our practice had near complete con-
sensus to try to follow the guidelines more often, and our interven-
tion appeared to be effective in that regard.

The interventions described in this study involved minimal effort 
by individual prescribers. Sharing a list of patients receiving doses 
greater than the guidelines provided a targeted, actionable list for 
the practice and each prescriber. Real-time feedback to providers 

Figure 2.  Change in hydroxychloroquine weight-based dosing over time. HCQ, hydroxychloroquine.
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at the time of HCQ prescription refill requests also required little pre-
scriber time or effort. Reminder systems, repeated feedback, and 
the use of a combination of interventions simultaneously have been 
demonstrated within the quality improvement literature as effec-
tive methods for changing clinical practice (12). Other approaches, 
including electronic health record (EHR) systems that provide 
reminders or “force functions” can encourage compliance with dos-
ing guidelines as well (13). However, not all practices have access to 
such EHRs or programmers to implement such a process.

There are several potential limitations of our study. Medication 
nonadherence is a nontrivial issue for patients taking HCQ (14). 
Though we did assess each patient’s listed dose in the medical 
record and attempted to confirm their refill history, details regard-
ing adherence and provider instructions were not available for all 
patients. Therefore, the HCQ dose actually taken by patients may 
have been overestimated. Some details regarding individual 
patients’ history of HCQ use were not available, including how long 
each patient had been on the drug, glucocorticoid use, past efforts 
to taper HCQ dose, or assessments of disease activity while tak-
ing various doses. Additionally, because our quality improvement 
intervention included two components, we are unable to deter-
mine which had the larger impact on prescribing practices. Given 
that there was a modest reduction in patients receiving doses 
greater than the guidelines from the first preintervention time point 
to the second time point, it is possible that some providers may 
have made dose adjustments independent of our intervention. 
As this was a single-center study in a tertiary care setting, the 
results may not be generalizable to other clinical settings.

Because many patients remain on HCQ for years, or even 
decades, it is our hope that improved weight-based dosing will 
reduce the long-term risk of HCQ-induced retinopathy without 
leading to loss of disease control or other unintended conse-
quences. It is likely that the quality improvement interventions 
described here can be readily adopted by other practices in a vari-
ety of settings with an expectation of similar or even better results.
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