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Abstract
Background Retinal toxicity with long-term hydroxychloroquine (HCQ) treatment is a major concern. This systematic review 
aims to assess the application of optical coherence tomography angiography (OCTA) to detect microvascular alterations in 
patients under HCQ.
Methods PubMed, Scopus, Web of Science, and Cochrane Library databases were systematically searched until January 
14, 2023. Studies using OCTA as a primary diagnostic method to evaluate the macular microvasculature of HCQ users were 
included. Primary outcomes were macular vessel density (VD) and foveal avascular zone (FAZ) at the superficial (SCP) and 
deep (DCP) capillary plexus. Meta-analysis was performed using a random-effects model.
Results Of 211 screened abstracts, 13 were found eligible, enrolling 989 eyes from 778 patients. High-risk patients due to 
longer duration of treatment presented lower VD in the retinal microvasculature than those with low-risk in SCP (P = 0.02 in 
fovea; P = 0.004 in parafovea) and in DCP (P = 0.007 in fovea; P = 0.01 in parafovea). When compared with healthy controls, 
HCQ users had lower VD in both plexus—no quantitative synthesis was presented.
Conclusions Microvascular changes were found in autoimmune patients under HCQ treatment without any documented 
retinopathy. However, the evidence produced so far does not allow to draw conclusion concerning the effect of drug as stud-
ies were not controlled for disease duration.

Key messages

What is known 
Hydroxychloroquine may lead to irreversible retinal damage. The pathophysiology of this toxicity is not fully 
understood but some reports speculate that vasculopathy might participate in the process.  

What this paper adds

Patients under hydroxychloroquine, especially those with a longer duration of treatment, have a lower vascular 
density in both retinal plexuses in the absence of retinopathy.  

The evidence produced so far does not allow to draw conclusions on the effect of hydroxychloroquine on microvas-
culature as studies were not controlled for disease effect or duration.   

Keywords Autoimmune diseases · Hydroxychloroquine · Macula lutea · Microvasculature · Optical coherence tomography 
angiography
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Introduction

Hydroxychloroquine (HCQ) is an antimalarial drug widely 
used by many specialties for the management of systemic 
lupus erythematosus (SLE), rheumatoid arthritis (RA), and 
other autoimmune conditions. It is being considered for 
broader applications [1], including cancers, multiple scle-
rosis, primary antiphospholipid antibody syndrome, hyper-
tension [2], and diabetes mellitus [3]. More recently, it was 
used in the first months of the COVID-19 pandemic [4, 5]. 
Despite the few systemic adverse effects, long-term use of 
HCQ may lead to irreversible and vision-threatening toxic 
retinopathy [1]. Although it is considered rare, it may occur 
in up to 7.5% of patients [6]. It is known that a long duration 
of exposure (> 5 years) confers a higher risk of retinal toxic-
ity [6]. Additional risk factors include high dose (> 5 mg/kg/
day), concomitant tamoxifen therapy, and renal failure [7]. 
Early detection of retinal toxicity is crucial to avoid irrevers-
ible damage and vision loss.

OCT angiography (OCTA) is a novel noninvasive imag-
ing modality based on the variation in the signal caused 
by moving particles, such as red blood cells, allowing the 
assessment of retinal and choroidal microvasculature with-
out the need of dye injection. Several recent studies detected 
microvascular changes in patients using HCQ without evi-
dent microangiopathy or retinopathy on ophthalmoscopy 
and complementary exams such as SD-OCT and fluorescein 
angiography [8–10]. In addition, OCTA may help elucidate 
the mechanisms of HCQ-induced retinal toxicity.

Several observational publications exist on this subject, 
but a systematic review and a meta-analysis are yet to be 
published to our best knowledge. We sought to conduct a 
systematic review and meta-analysis of the OCTA technique 
to detect microvascular alterations in patients under HCQ 
and further characterize them.

Methods

We conducted a systematic review with meta-analysis fol-
lowing the guidelines presented by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [11] and the Meta-Analyses and Sys-
tematic Reviews of Observational Studies (MOOSE) state-
ment [12]. The protocol was not registered.

Search strategy

Two independent reviewers (A.F. and R.A.) searched Pub-
Med, Web of Science, Cochrane Library, and Scopus data-
bases for all relevant studies published from inception to 

January 14, 2023. Search terms used are detailed in Sup-
plementary Table 1. References of relevant articles were 
hand-searched, and a forward citation search was performed.

Study selection

The following inclusion criteria were applied: (a) type of 
studies: Observational studies. Articles in English, Portu-
guese or Spanish were included; (b) type of participants: 
(i) studies with the primary focus on patients treated with 
HCQ; (ii) studies with a healthy control group or compar-
ing patients with high-risk versus low-risk of HCQ-induced 
retinopathy; (iii) population > 18 years old; (c) type of inter-
ventions: studies where OCTA was performed; (d) type of 
outcome: studies including measurements performed in at 
least one of the following: (i) foveal avascular zone (FAZ); 
(ii) vessel density (VD) at the macular superficial capillary 
plexus (SCP); (iii) VD at the macular deep capillary plexus 
(DCP). No restrictions regarding time or country of origin 
were placed during the search process.

The exclusion criteria were as follows: (a) duplicate pub-
lications, conference presentations, summaries; (b) stud-
ies in patients with ocular diseases; (c) studies in patients 
with other relevant systemic co-morbidities and nonhuman 
studies; (d) qualitative studies; (e) review studies and meta-
analysis were excluded although bibliographic references 
were manually reviewed.

Data collection process

Two authors (A.F. and R.A.) independently reviewed each 
title and study to exclude duplicates and irrelevant studies. 
The two authors performed a full-text review to assess study 
eligibility, and disagreements were resolved by consensus. 
Authors were contacted to acquire any missing information. 
Data was extracted using Microsoft® Word. Our primary 
outcomes were as follows: FAZ area and VD at the macular 
SCP and DCP. Whenever possible, the analysis of choriocap-
illaris was performed. OCTA parameters were only synthe-
sized for analysis if they were reported in a minimum num-
ber of three papers. When data were reported in subgroups, 
combination onto a single group was performed using a 
methodology described elsewhere [13]. Data extracted 
included study setting (first author, publication, year); par-
ticipant characteristics (age, gender, eyes included, daily 
doses, duration of disease, and duration of treatment); study 
design; OCTA characteristics (model, scan size, and scan 
definition); image analysis (software) and main outcomes.

Quantitative analysis

Meta-analyses of continuous outcomes were conducted with 
the Cochrane Collaboration’s Review Manager software 
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(Version 5.3) using an inverse variance in the model. Two 
consecutive analyses were performed: (i) comparing patients 
with high-risk versus low-risk of HCQ-induced retinopathy, 
based on the duration of exposure using five years as cutoff; 
(ii) comparing patients using HCQ versus healthy controls. 
Random-effects models were chosen for both analyses.

Cochran’s chi-squared test for homogeneity (Chi2) was 
used to assess heterogeneity between studies, and variation 
due to heterogeneity was estimated by calculating the I2 and 
interpreted as recommended [14, 15]. Following Cochrane 
Guidelines [16], meta-regression was only performed for 
one OCTA parameter as there were fewer than ten studies for 
each one of the others parameters that was meta-analyzed. 
Funnel plots were used to assess publication bias.

Due to unacceptable heterogeneity (ranging from 79 to 
96%) not solved with a sensitivity analysis, the quantitative 
analysis of HCQ patients versus healthy controls comparison 
was excluded.

Risk of bias in individual studies and sensitivity 
analysis

Two reviewers (AF and R.J.-V.) independently evaluated the 
risk of bias for each eligible study using a modified Moskale-
wicz and coworkers [17]. Seven-Question Newcastle–Ottawa 
Scale (NOS) questionnaire to our study-specific language as 

detailed in Supplementary Methods 1. A sensitivity analysis 
was conducted for analysis with an I2 > 60%.

Results

Literature search

The study selection process is shown in a flow diagram 
(shown in Fig. 1). The whole search process retrieved 211 
original abstracts, of which 50 were duplicates. After full-
text review, 13 met the inclusion criteria and were included 
in this systematic review [8–10, 18–27]. No previous sys-
tematic reviews with meta-analysis on this specific issue 
were found.

Study characteristics

Tables 1 and 2 summarize the characteristics of the thirteen 
studies included. All studies were cross-sectional and pub-
lished between 2018 and 2022. A total of 989 eyes from 778 
patients were enrolled, including 480 patients with autoim-
mune diseases. All studies but the one by Tarakcioglu et al. 
[27] used age- and sex-matched groups. The overall mean 
age varied between 38.4 and 57.5 years, and the propor-
tions of women spanned between 64 and 100%. The OCTA 

Fig. 1  Flowchart of the search 
strategy
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devices used were Optovue (Optovue Inc., Fremont, CA, 
USA) in nine studies [8, 9, 18–20, 22, 24, 26, 27], DRI-
OCT Triton Plus (Topcon, Tokyo, Japan) [10, 23, 25] in 
three studies and Cirrus HD-OCT 5000 (Carl Zeiss Med-
itec, Jena, Germany) [21] and in one study each. All devices 
are spectral domain OCTA with the exception of the Triton 
Plus, which uses the Swept Source technology. The OCTA 
parameters analyzed in each study are depicted in Supple-
mentary Table 2.

Eight studies [8, 9, 19, 22–25, 27] compared patients with 
high-risk versus low-risk of HCQ-induced retinopathy tak-
ing 5 years as the cutoff. No differences were found in the 
mean daily doses of HCQ between groups in the three stud-
ies [8, 24, 27] reporting this parameter. However, four stud-
ies [8, 19, 22, 24] reported significant differences between 
groups in the cumulative dose of HCQ. Only one study [8] 
reported the disease duration, and it was significantly differ-
ent between groups.

Eleven studies [9, 10, 18–26] compared HCQ patients 
versus healthy controls. The mean duration of treatment or 
disease was superior to 5 years in all reports.

Quantitative analysis of high‑risk versus low‑risk 
HCQ patients

High-risk versus low-risk HCQ patients’ analysis is shown 
in the forest plot of Fig. 2. Two studies [18, 26] reported the 
results for this comparison but the raw data was not availa-
ble. Thus, those studies were not included in the meta-analy-
sis. Subasi et al. [26] found statistically significant decreases 
in the VD of SCP of high-risk patients in the whole image 
(P = 0.015) and perifovea (P = 0.008). Ermurat et al. [18] did 
not find significant differences.

Superficial capillary plexus (shown in Fig. 2A)

A signification reduction of VD was found in fovea 
(P = 0.02) and parafovea (P = 0.02) in high-risk HCQ 
patients with moderate and low heterogeneity (I2 = 38% and 
17%, respectively). In the whole scan analysis, the differ-
ence was not significant (P = 0.05) and displayed substantial 
heterogeneity (I2 = 67%). In the sensitivity analysis of the 
whole scan, excluding the paper by Sargues and coworkers 
[25], led to a reduction of heterogeneity (I2 = 43%) and to a 
significant effect (SMD − 0.60 [− 1.01, − 0.19], P = 0.004).

Deep capillary plexus (shown in Fig. 2B)

A significant reduction of VD was only found in the fovea 
of high-risk patients (P = 0.007) with moderate heterogene-
ity (I2 = 36%). After excluding the paper by Cinar et al. [9] 
in the sensitivity analysis, the heterogeneity of parafovea 
analysis was greatly reduced (I2 from 75 to 17%) and led A
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Fig. 2  Forest plot of vessel 
density at A superficial capil-
lary plexus, B deep capillary 
plexus, and C foveal avascular 
area for the comparison between 
patients at high-risk versus 
low-risk of HCQ-induced 
retinopathy. Mean and standard 
deviation (SD) are included, 
with 95% confidence intervals 
(CIs), heterogeneity scores, 
and overall effect in an inverse 
variance (IV) random-effects 
model. The green square size 
represents the weight attributed 
to each study based on relative 
sample size
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to a significant overall effect (SMD − 0.32 [− 0.57, − 0.07], 
P = 0.01).

FAZ area (shown in Fig. 2C)

Regarding the SCP, no difference was found between groups 
(P = 0.09). In the DCP, high-risk HCQ patients presented 
a larger FAZ with substantial heterogeneity (I2 = 69%) that 
could not be greatly reduced in the sensitivity analysis.

Results of HCQ patients versus healthy controls 
comparison (Table 3)

Superficial capillary plexus

The analysis performed for this plexus had substantial heter-
ogeneity. In the sensitivity analysis, after excluding the stud-
ies by Sargues et al. [25] (whole scan) and Lopes et al. [21] 
(perifovea), a significant reduction of VD in HCQ patients 
was found in the whole scan (SMD − 0.53 [− 0.80, − 0.25], 
P < 0.001) and perifovea (SMD − 0.36 [− 0.60, − 0.13], 
P = 0.002) with moderate and low heterogeneity (I2 = 53% 
and 0%, respectively).

Deep capillary plexus

The analysis of all zones but the perifovea presented 
substantial heterogeneity. In the perifovea, a significant 
reduction of VD in HCQ patients was found (SMD − 0.46 
[− 0.76, − 0.15], P = 0.003) with moderate heterogeneity 
(I2 = 49%). In the sensitivity analysis, after excluding the 
study by Sargues et al. [25], a significant reduction of VD 
in HCQ patients was found in the whole scan (SMD − 0.41 
[− 0.64, − 0.18], P < 0.001) with moderate heterogeneity 
(I2 = 33%). A meta-regression was performed to assess the 
effect of year of publication, OCTA device and inclusion of 
multiple vs single autoimmune diseases on the foveal VD of 
both plexus; no significant effect was found.

FAZ area

The analysis of both plexuses presented substantial hetero-
geneity. The sensitivity analysis was only able to decrease 
the heterogeneity in DCP (I2 = 45%, moderate) with the 
exclusion of the study by Cinar et al. [9], but no significant 
difference was found (SMD 0.08 [− 0.26, 0.42], P = 0.65).

Choriocapillaris

This analysis presented substantial heterogeneity that was 
reduced in the sensitivity analysis (I2 = 0%, low), after 

excluding the study by Forte et al. [10], and led to a signifi-
cant effect (SMD − 0.38 [− 0.62, − 0.15], P = 0.001).

Bias assessment

Publication biases were investigated by plotting funnel plots 
(shown in Supplementary Fig. 1), which revealed a sym-
metrical distribution of studies about the SMD, suggesting 
little to none publication bias or small study bias. Bias analy-
sis was performed in all seven studies that were considered 
eligible and are shown in Supplementary Table 3, Supple-
mentary Fig. 2, and Supplementary Graph 1.

Discussion

OCTA is a noninvasive method that allows for visualiza-
tion and quantification of the microvascular structure of the 
retina and choroid. In this systematic review with meta-anal-
ysis, we summarized the evidence on the use of OCTA to 
assess microvascular retinal changes in patients under HCQ. 
Patients with a high-risk of HCQ-induced retinopathy due 
to the longer duration of treatment (> 5 years) presented 
lower VD in the retinal microvasculature in both plexuses 
and a wider FAZ in DCP compared with those of low risk. 
HCQ users had lower VD in both retinal plexuses but not 
differences in FAZ compared with healthy controls. This 
work summarized studies enrolling only patients without 
any retinopathy.

The reductions in VD and enlargement of FAZ observed 
can result from either structural (absence of capillaries) 
or functional (nonperfusion) changes. As OCTA relies on 
comparing consecutive scans, flow is only detected above a 
minimum threshold, leaving the impression of non-perfusion 
for regions with flow below the detectable threshold [28]. 
Coupling OCTA with adaptive optics may help to elucidate 
further the status of retinal microvasculature as this technol-
ogy provides in vivo ultra-high-resolution imaging of retinal 
vessel morphology [29].

Comparison of high‑risk versus low‑risk HCQ 
patients

The subjects enrolled in this comparison presented signifi-
cant differences in mean treatment duration and cumulative 
dose, as expected, but not in the mean daily dose, which sug-
gests that the potential microvascular changes induced by the 
drug depend on exposure time. In fact, in two studies [8, 9], 
the cumulative dose and duration of exposure had a signifi-
cant negative correlation with VD and a significant positive 
correlation with FAZ parameters. Forte et al. [10] reported 
the VD had a negative correlation with HCQ duration of 
treatment and cumulative dose. A recent noncomparative 
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longitudinal study found no significant change in VD among 
RA patients during the first year of HCQ treatment, suggest-
ing that a long exposure period is required to elicit micro-
vascular alterations [30]. Another central point deserving 
consideration is the effect of disease duration on the micro-
vasculature, primarily when considering immunologic dis-
eases. Indeed, some authors detected an early reduction in 
the VD of SCP among naïve patients with recent onset of 
RA symptoms [30]. Only one study [8] reported that the 
mean disease duration was significantly different between 
groups, but no correlation was found between disease dura-
tion and OCTA parameters.

High-risk patients presented a trend for FAZ enlarge-
ment in the DCP but not in the SCP. However, the results of 
the studies analyzed were not in agreement, with one study 
[8] demonstrating FAZ enlargement in both plexuses and 
two in none [24, 25]. Among the three studies [19, 23, 27] 
that were not included as the FAZ area was not reported by 
plexus, none found a significant difference between groups. 
The reason for these differences is unclear. A considerable 
variation in the FAZ size among healthy individuals has 
been previously observed [31]. These facts prevent us from 
recommending FAZ as a parameter for assessing microvas-
cular changes.

Comparison of HCQ patients versus healthy controls

In this comparison, patients under HCQ presented a mean 
treatment duration superior to 5 years, conferring these 
patients a high-risk of HCQ-induced retinopathy. Two stud-
ies [9, 24] presented a sub-analysis of low-risk patients ver-
sus controls, but the parameters reported were not coincident 
among them to permit a quantitative synthesis. These studies 
reported a reduction of VD in both plexuses of retinal [9, 
24], and choriocapillaris [9] microvasculature but not in the 
FAZ zone.

The quantitative synthesis of the comparison between 
HCQ patients and healthy controls displayed considerable 
heterogeneity that could not be solved with a sensitivity 
analysis for most parameters. For this reason, this analysis 
was excluded. This high heterogeneity may be related to the 
utilization of three devices of different technologies, in-built 
and external software to perform the analysis, and the inclu-
sion criteria for the treatment group.

Choriocapillaris

The choriocapillaris quantitative analysis was not performed 
for high-risk versus low-risk patients due to an insufficient 
number of studies reporting this parameter. Bulut and cow-
orkers [8] described that choroidal flow rate and thickness 
were reduced in high-risk patients versus low-risk ones. 
In addition, other two reports [9, 27] found a decreased 

choroidal flow area in the same group. One study [21] 
reported a reduction of VD in choriocapillaris in HCQ 
patients compared with healthy subjects. Likewise, a sig-
nificant reduction in choroidal thickness was described for 
HCQ patients, both high-risk and low-risk, compared with 
healthy subjects [9]. Other studies [19, 25] could not find 
any difference in choriocapillaris VD between high-risk 
versus low-risk patients or HCQ patients versus healthy 
subjects. Further studies are needed to draw conclusions on 
this subject.

Critical appraisal and recommendations for future 
research

One major limitation the studies hereby reviewed is the lack 
of control for the disease. Considering the immunologic dis-
eases, one cannot exclude the effect of the disease on the ret-
inal microvasculature either directly or synergistically with 
the drug. In fact, the comparison of high-risk versus low-risk 
HCQ patients applied treatment duration as a unique crite-
rion, ignoring disease duration. The other analysis compared 
healthy subjects with patients whose microvascular altera-
tions could be due to two potential sources: the drug and 
the disease. In addition, the retinal capillary changes hereby 
described do not adequately explain the typical alterations 
in outer retinal and RPE of HCQ-induced retinopathy and 
do not correlate with any inner retinal change. As choroidal 
vasculature supplies the outer retina, changes in that sector 
may be an essential element for that occurrence. Thus, future 
research must focus on comparing (1) autoimmune patients 
with low to no-risk of drug toxicity versus healthy sub-
jects, to clarify the disease effect; (2) autoimmune patients 
under vs no HCQ treatment, adjusted for disease duration 
and comorbidities, aiming to clarify a potential effect of the 
drug. In addition, the choroidal vasculature beyond chorio-
capillaris must also be studied. Some authors have already 
shown changes in choroidal thickness between healthy sub-
jects and autoimmune patients, with opposite effects for 
different autoimmune diseases [32–34]. Thus, future stud-
ies should also focus on one disease instead of considering 
several autoimmune diseases as a unique entity.

Strengths and limitations

This review presents several limitations. Albeit all studies 
enrolled age- and sex-matched groups, the difference in the 
mean age among different studies spanned 15 years. This 
fact prevented us from conducting a fixed effect analysis for 
the first comparison where all studies used the same device. 
On the other hand, this age range is representative of most 
patients with these diseases, increasing the generability of 
our results. Different devices, image analysis software, and 
other parameters make direct comparisons difficult, but the 
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methodology was similar to some degree. We preferred a 
standardized mean difference in the meta-analysis to mini-
mize this problem. The difference in segmentation of retinal 
capillary plexuses may include the intermediate capillary 
plexus in the measurement of DCP in some OCTA devices. 
However, all studies used the same device for all patients, 
excluding a differential bias.

This systematic review presents several strengths. A sig-
nificant number of papers that encompassed a representa-
tive number of patients were summarized. Our analysis was 
comprehensive and approached several OCTA parameters.

Conclusion

In summary, microvascular retinal and choroidal changes 
were found in patients under HCQ treatment without any 
documented retinopathy. Given the limitations in study 
design of the evidence produced so far, one cannot conclude 
if those alterations are a consequence of the drug or the dis-
ease. Thus, further studies controlling for disease duration 
and severity and drug exposure are warranted.
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