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TherapeuTic advances in 
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Evaluation of early retinal changes in 
patients on long-term hydroxychloroquine 
using optical coherence tomography 
angiography
Huanhuan Zhao* , Menglu Pan*, Yaping Liu, Fangyue Cheng and Zongwen Shuai

Abstract
Background: Connective tissue diseases (CTD), including systemic lupus erythematosus and 
rheumatoid arthritis (RA), have long been treated with hydroxychloroquine (HCQ). However, 
prolonged HCQ use poses a risk of adverse effects, particularly retinopathy.
Objective: To detect early retinal changes assessed by optical coherence tomography 
angiography (OCTA) in CTD patients with long-term HCQ treatment and to explore the 
relationship between OCTA parameters and the concentrations of HCQ and its metabolites.
Design: A cross-sectional study conducted from March 2020 to October 2021 at the First 
Affiliated Hospital of Anhui Medical University.
Methods: The area and perimeter of the foveal avascular zone (FAZ), the thickness of the 
fovea and parafovea, and the vascular density of the superficial capillary plexus (SCP) and 
deep capillary plexus (DCP) in each area of the macula were measured by OCTA in 43 CTD 
patients treated with HCQ for over 6 months. Meantime, blood concentrations of HCQ and its 
metabolites were determined by high-performance liquid chromatography-tandem mass 
spectrometry, and the clinical documents of all 43 involved patients were collected.
Results: There is no significant correlation between OCTA outcomes and the patient’s age, 
disease duration, and weight-dependent dose. HCQ cumulative duration positively correlated 
with FAZ area and perimeter (r = 0.419, p = 0.005 and r = 0.407, p = 0.007, respectively) and 
negatively correlated with the foveal vessel density in DCP (r = −0.378, p = 0.012). HCQ 
cumulative dose had a positive correlation with FAZ area and perimeter (r = 0.445, p = 0.003 
and r = 0.434, p = 0.004, respectively) and had a negative correlation with foveal vessel density 
in SCP and DCP (r = −0.383, p = 0.011 and r = −0.424, p = 0.005, respectively). OCTA outcomes did 
not correlate with HCQ and its metabolite concentrations.
Conclusion: OCTA could be used to detect microvascular changes in the macula of CTD 
patients with long-term HCQ therapy. It was not found the concentrations of HCQ and its 
metabolites were associated with retinal vascular changes.
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Plain language summary 

Retinal microvascular changes were assessed in connective tissue disease patients 
treated with hydroxychloroquine

Introduction: Long-term use of hydroxychloroquine (HCQ) may affect the eyes. In this 
study, we aimed to identify early eye changes in people with connective tissue diseases 
(CTD) who have been using HCQ for an extended period. Additionally, we wanted 
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Introduction
Connective tissue disease (CTD) is a group of 
autoimmune diseases, including systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), 
etc. Since the 1950s, hydroxychloroquine (HCQ) 
has been widely used as an effective anti-inflam-
matory and immunomodulatory agent to treat 
various CTDs.1–3 It is mainly metabolized in the 
liver into desethylhydroxychloroquine (DHCQ), 
desethylchloroquine (DCQ), and bisdesethylchlo-
roquine (BDCQ).4 Though derived from chloro-
quine (CQ), the risk of adverse drug reactions 
(ADRs) of HCQ is significantly reduced com-
pared with CQ. These ADRs commonly involve 
eye lesions, heart block, skin toxicity, etc.5–8

Retinopathy is the most severe ADR associated 
with long-term HCQ use, although its exact 
mechanism has remained elusive.9 In the rhesus 
monkey, the damage might first occur in the cyto-
plasm of ganglion cells and photoreceptors.10  

In vitro experiments, HCQ increased the lysoso-
mal pH of retinal pigment epithelium (RPE) cells, 
inhibited lysosomal autophagy, and ultimately 
influenced the function of RPE to phagocytose 
debris on the outer region of the retina. Because 
of that, the retinal barrier might be broken down. 
On the other hand, the accumulation of lipofus-
cin in RPE leads to the degeneration of photore-
ceptors. The impairment of RPE was irreversible, 
and the drug continued to accumulate so that the 
severe retinopathy could keep progressing after 
HCQ withdrawal.11,12 It was reported that if HCQ 
was ceased before the occurrence of RPE dam-
age, the progression of retinopathy rarely sus-
tained for more than a year, nor does it affect the 
central recess.4,13 Therefore, early identification 
of retinopathy is essential.

Among the detection of HCQ retinopathy  
recommended by the American Academy of 
Ophthalmology (AAO), spectral-domain optical 

to explore the relationship between these changes and the amount of HCQ and its 
byproducts in their bodies.
Methods: Between March 2020 and October 2021, we enrolled 43 patients with CTD who 
had been taking HCQ for more than 6 months. We collected various clinical information, 
including gender, age, diagnosis, disease duration, HCQ dosage, and treatment duration. 
We used specialized imaging called optical coherence tomography angiography (OCTA) to 
detect early microvascular changes in the macula and employed high-performance liquid 
chromatography-tandem mass spectrometry to measure HCQ and its metabolites in the 
blood. We also analyzed the relationships between these outcomes.
Results: Our study did not reveal significant associations between OCTA results and 
patients' age, disease duration, or HCQ dosage based on their weight. However, we 
found that as the duration of HCQ use increased, the size (area and perimeter) of the 
foveal avascular zone (FAZ) in the eye grew larger. Additionally, in individuals who had 
used HCQ for an extended period, the density of blood vessels in the back of the eye was 
lower in the foveal area. Importantly, OCTA parameters did not correlate with the blood 
concentrations of HCQ and its metabolites.
Conclusions: Our use of OCTA detected subtle changes in the blood vessels at the center 
of the eye in people with CTD who had been using HCQ for an extended period. Notably, 
these OCTA parameters did not show any connection with the blood concentrations of 
HCQ and its metabolites.

Keywords: blood concentration, hydroxychloroquine, optical coherence tomography 
angiography, retinopathy
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coherence tomography (SD-OCT) could show 
thinning of the outer retinal layer, which is the 
early changes in retinal structure.12 Compared to 
SD-OCT, optical coherence tomography angiog-
raphy (OCTA) could observe early retinal micro-
vascular changes in patients without obvious 
retinopathy, which has been used to assess retinal 
involvement.14–16

OCTA is an effective method for assessing vascu-
lar lesions, an imaging technique that reconstructs 
the retinal capillary network by detecting changes 
in blood flow signals. Unlike fluorescence angiog-
raphy, OCTA requires no dye injection and is 
safer and faster.17 It has been used to study the 
pathogenesis of various retinal vascular diseases, 
such as retinal vein occlusion, diabetic retinopa-
thy, etc.18,19 Studies showed that OCTA could 
detect the microvascular changes in the macula of 
SLE patients15 and could also find the early retin-
opathy of patients taking HCQ for more than 
5 years.16,20

In fact, in addition to the HCQ treatment course, 
other various factors, including patient age, daily 
and cumulative HCQ dose, etc., might affect 
HCQ retinopathy.21 HCQ has a half-life of 40–
50 days, and its steady-state blood level can be 
achieved after approximately 6 months of admin-
istration but there is individual variability.4 Some 
investigators suggested 500 ng/mL should be 
taken as the effective blood concentration of 
HCQ.22–24 However, so far, there is no consensus 
widely accepted on the relationship between HCQ 
blood concentration and HCQ retinopathy, and 
there is no research reported on the relationship 
between HCQ metabolites and retinal changes.

In this study, we used OCTA, an objective and 
non-invasive test mean, to assess whether HCQ 
could cause damage to the retinal microvascula-
ture in the macula and also evaluated the ocular 
safety of HCQ and its metabolite concentrations 
in CTD patients taking HCQ.

Patients and methods

Patients
A total of 43 CTD patients without ocular 
involvement in remission stages were recruited in 
this study, including 39 SLE patients and 4 RA 
patients who fulfilled the SLE classification 

criteria issued by the European League Against 
Rheumatism (EULAR) in 2019 and RA classifi-
cation criteria defined by American College of 
Rheumatology and EULAR in 2010, respec-
tively.25,26 All involved patients had been taking 
HCQ at a stable daily dose of 200–400 mg for at 
least 6 months. Their demographic data and 
medical documents are listed in Table 1, in which 
the HCQ dose was evaluated from three perspec-
tives: the daily HCQ dose, the weight-dependent 
dose, and the cumulative dose. Patient with the 
following conditions was excluded from this 
study: refractive media opacities that may inter-
fere with the acquisition of clear images, estab-
lished history of ophthalmic disease, taking other 
medications with possible adverse reaction that 
may affect the eye, concomitant disorders that 
may cause retinal microvascular changes (such as 
cardiovascular disease, diabetes, hypertension, 
and chronic nephrosis), and other autoimmune 
diseases.

This study was conducted at the First Affiliated 
Hospital of Anhui Medical University between 
March 2020 and October 2021, obtained the 
approval of the Ethics Committee of the First 
Affiliated Hospital of Anhui Medical University, 
and followed the Tenets of the Declaration  
of Helsinki. This design adheres to the 
Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) guidelines 
(Supplemental Table S1).27

OCTA measurement
The AngioVue OCTA device (Optovue, Inc., 
Fremont, CA, USA) was used to detect and eval-
uate the angiography images. After dilating the 
pupil with tropicamide drops, a macular area of 
6 mm × 6 mm centered on the foveal avascular 
zone (FAZ) was scanned by the built-in software. 
A series of parameters were obtained for the area 
and perimeter of the fovea and the density of 
blood vessels surrounding the FAZ including 
superficial capillary plexus (SCP) and deep capil-
lary plexus (DCP) by the built-in angio analytics 
software and its PAR algorithm. This software 
also filters out noise and artifacts. The FAZ area 
is defined as the area of the central 1 mm diame-
ter ring; the parafovea is defined as the area of the 
middle ring with a diameter of 3 mm. All param-
eters were detected by the same ophthalmologist 
between 11:00 a.m. and 12:00 p.m.

https://journals.sagepub.com/home/taw
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Table 1. Demographic and clinical characteristics of the patients involved.a

Characteristics Data

SLE, N (%) 39 (90.70)

Female, N (%) 40 (90.02)

Age, years, mean ± SD 36.40 ± 11.15

Duration of disease, months, median (P25, P75) 84.00 (36.00, 144.00)

HCQ dose

 Daily dose, mg/day, median (P25, P75) 300.00 (200.00, 400.00)

 Daily dose, mg/kg/day, mean ± SD 5.66 ± 1.66

 Cumulative dose, g, median (P25, P75) 384.00 (216.00, 816.00)

Duration of HCQ treatment, months, median (P25, P75) 45.00 (22.00, 94.00)

OCTA

 FAZ

  Perimeter, mm, mean ± SD 2.19 ± 0.42

  Area, mm2, median (P25, P75) 0.34 (0.27, 0.37)

Macular thickness (μm)

 Foveal, μm, mean ± SD 243.26 ± 19.90

 Parafoveal, μm, median (P25, P75) 321.00 (313.00, 328.00)

SCP vessel density

 Fovea, %, mean ± SD 16.54 ± 6.22

 Parafovea, %, median (P25, P75) 49.30 (46.10, 50.90)

DCP vessel density (%)

 Fovea, %, mean ± SD 31.80 ± 8.21

 Parafovea, %, mean ± SD 51.20 ± 4.80

Concentration of HCQ and its metabolites

 HCQ, ng/mL, median (P25, P75) 563.31 (376.39, 794.22)

 DHCQ, ng/mL, median (P25, P75) 355.24 (262.27, 482.30)

 DCQ, ng/mL, median (P25, P75) 44.73 (36.55, 80.63)

 BDCQ, ng/mL, median (P25, P75) 27.22 (14.79, 36.66)

aIncluding 39 patients with SLE and 4 patients with RA.
BDCQ, bisdesethylchloroquine; DCP, deep capillary plexus; DCQ, desethylchloroquine; DHCQ, desethylhydroxychloroquine; 
FAZ, foveal avascular zone; HCQ, hydroxychloroquine; OCTA, optical coherence tomography angiography; RA, rheumatoid 
arthritis; SCP, superficial capillary plexus; SLE, systemic lupus erythematosus.
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High-performance liquid chromatography-
tandem mass spectrometry detection of HCQ, 
DHCQ, DCQ, and BDCQ concentration in blood
On the same day as the ophthalmic examination, 
1.5 mL of peripheral venous blood was collected 
from every patient in a fasting state before taking 
the HCQ. Referring to the method reported in 
previous studies, the concentrations of HCQ and 
its metabolites (DHCQ, DCQ, and BDCQ) in 
the blood were measured by high-performance 
liquid chromatography-tandem mass spectrome-
try.28 By Poroshell 120 EC-C18 column 
(2.1 × 100 mm, 2.7 μm) (Agilent, CA, USA), 
Shimadzu Nexera X2 HPLC system (Shimadzu, 
Kyoto, Japan), and API 3200DX mass spectrom-
eter (AB SCIEX, MA, USA), the peak areas of 
HCQ and its metabolites were calculated from 
the serial standard concentrations with quinine as 
the internal standard. The concentrations of 
HCQ, DHCQ, DCQ, and BDCQ in each periph-
eral blood sample were obtained from the stand-
ard curve.

Statistical analysis
We obtained all outcome-related data from par-
ticipants. All statistical analysis was performed by 
SPSS version 26.0 (SPSS, Inc., Armonk, IL, 
USA). Shapiro–Wilk test was used to assess for 
characteristics of the data distribution. Data nor-
mally and non-normally distributed were pre-
sented as mean ± standard deviation (SD) and 
median with 25th–75th percentile range (P25, 
P75), respectively, while categorical data were 
expressed as number (frequency). Comparisons 
between the two groups were drawn by the 
Student’s t-test or Mann–Whitney U test based 
on the data distribution. Pearson and Spearman’s 
approaches were employed to analyze the associa-
tions between the normally and non-normally 
distributed data, respectively. p < 0.05 was con-
sidered statistically significant.

Results

Measurement results of OCTA, HCQ, and its 
metabolites
The OCTA data of all 43 patients are shown in 
Table 1. The perimeter and area of FAZ were 
2.19 ± 0.42 mm and 0.34 (0.27, 0.37) mm2, 
respectively, while the foveal and parafoveal 
thickness of macula were 243.26 ± 19.90 μm and 

321 (313, 328) μm, respectively. When the den-
sity of superficial capillaries and deep capillaries 
was assessed from three different regions (Figure 
1), the foveal and parafoveal vessel density in 
SCP was (16.54 ± 6.22)% and 49.30 (46.10, 
50.90)%, respectively, and the density of the 
three vessels in DCP was (31.80 ± 8.21)% and 
(51.20 ± 4.80)%, respectively.

In addition, the median concentrations of HCQ, 
DHCQ, DCQ, and BDCQ detected from the 43 
patients were 563.31 (376.39, 794.22), 355.24 
(262.27, 482.30), 44.73 (36.55, 80.63), and 
27.22 (14.79, 36.66) ng/mL, respectively, as 
listed in Table 1.

The relationship between OCTA parameters 
with clinical characteristics
Referring to previous studies,16,29 enrolled 
patients were divided into groups with duration 

Figure 1. Graphic expressions of FAZ, macular thickness, SCP, and 
DCP detected by OCTA. (A) The perimeter and area of FAZ. (B) The foveal 
and parafoveal thickness (macular thickness). (C) The density of SCP is 
indicated by the colored map on the right. (D) The density of the DCP is 
represented by a colored map on its right. a, FAZ; b, the foveal regions; c, 
the parafoveal regions.
DCP, deep capillary plexus; FAZ, foveal avascular zone; OCTA, optical coherence 
tomography angiography; SCP, superficial capillary plexus.
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>5 and ⩽5 years according to their duration of 
HCQ administration. The duration of treatment 
was 24.00 (12.00, 37.50) months for patients in the 
HCQ duration ⩽5 years group, whereas it was 
109.50 (72.00, 136.25) months in the HCQ dura-
tion >5 years group. The statistical results showed 
that compared with the group with a duration of 
⩽5 years, the perimeter and area of FAZ in the 
group with a duration >5 years increased signifi-
cantly, the foveal vascular density in SCP and DCP 
decreased significantly, and the parafoveal vascular 
density in DCP increased significantly (Table 2). 
According to the HCQ daily dose >5 and ⩽5 mg/
kg/day, and HCQ cumulative dose >1000 and 
⩽1000 g, respectively, patients were divided into 
different groups. It was demonstrated that the 
foveal thickness was enhanced in the low daily dos-
ing group than in the high daily dosing group 
[248.00 (243.00, 260.00) versus 238.50 (228.25, 
249.00) μm, p = 0.018]. There were no significant 
differences in other OCTA parameters between 
these groups (Supplemental Tables S2 and S3).

Based on the results of statistical correlation anal-
ysis (Table 3), in OCTA parameters, FAZ 

outcomes were significantly correlated with HCQ 
treatment duration and cumulative dose, respec-
tively, while the foveal vessel density in SCP had 
a markedly negative relationship with HCQ 
cumulative dose. Also, the foveal vessel density in 
DCP showed significant negative correlations 
with HCQ treatment duration and cumulative 
dose, respectively. No correlation was found 
between OCTA parameters and patients’ age, 
disease duration, or other variables of HCQ 
administration.

The relationship between OCTA parameters 
with blood concentrations of HCQ and its 
metabolites
There is no uniform standard for the higher con-
centration of HCQ.30,31 In our study, patients 
were divided into the higher concentration group 
(the blood concentration above the median con-
centration) and the lower concentration group 
(the blood concentration below the median con-
centration). The median blood concentrations of 
HCQ, DHCQ, DCQ, and BDCQ were 563.31, 
355.24, 44.73, and 27.22 ng/mL, respectively. 

Table 2. Comparison of OCTA outcomes between patients treated with HCQ for ⩽5 years and for >5 years.

HCQ treatment duration ⩽5 years (n = 25) >5 years (n = 18) t/Z p

FAZ

 Perimeter (mm) 2.16 (1.69, 2.34) 2.41 (2.22, 2.65) −3.090 0.002a,*

 Area (mm2) 0.28 ± 0.09 0.40 ± 0.13 −3.500 0.001*

Macular thickness (μm)

 Foveal 246.80 ± 15.03 238.33 ± 24.80 1.392 0.171

 Parafoveal 321.00 (313.50, 327.50) 318.00 (311.25, 328.25) −0.431 0.666a

SCP vessel density (%)

 Fovea 16.50 (14.40, 22.05) 14.35 (9.60, 17.98) −2.623 0.009a,*

 Parafovea 49.90 (46.55, 51.80) 47.90 (44.65, 50.25) −1.268 0.205a

DCP vessel density (%)

 Fovea 34.84 ± 6.50 27.58 ± 8.63 3.153 0.003*

 Parafovea 49.65 ± 4.87 53.34 ± 3.88 −2.666 0.011*

aThe results of the Mann–Whitney U test, the others were the result of the Student’s t-test.
*p < 0.05.
DCP, deep capillary plexus; FAZ, foveal avascular zone; HCQ, hydroxychloroquine; OCTA, optical coherence tomography 
angiography; SCP, superficial capillary plexus.
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Noteworthy, there were no statistical differences 
in OCTA parameters between different groups 
(Table 4). Furthermore, correlation analysis 
showed that none of these concentrations were 
associated with OCTA findings (Table 5).

Discussion
Acting as an anti-inflammatory and immunomod-
ulatory agent with regulatory effects on thrombo-
sis and blood lipids, HCQ is currently used as  
the first-line medication for the treatment of  
CTD, including SLE, to increase survival rates by 
reducing the risk of organ damage and disease  
activity.32–34 However, long-term use of HCQ 
might increase the risk of retinal toxicity and the 
patients would have to be checked regularly for 
changes in visual acuity and visual field. It was 
recommended that fundus lesions be ruled out 
before taking HCQ and that annual ophthalmic 
assessments be performed 5 years after taking it. 
Guidelines from the 2016 AAO suggested multi-
ple means of screening for HCQ retinopathy, 
including SD-OCT, fundus autofluorescence, 

and multifocal electroretinogram (mfERG).21 
Still, up to now, there is no examination method 
as a consensus gold standard for screening HCQ-
related retinopathy. In this study, we made use of 
OCTA as a method to assess retinal microvascu-
lar changes since the three-dimensional nature of 
OCTA allows for the visual analysis and quantifi-
cation of retinal and choroidal capillaries without 
the need for any dye injection, with the advantage 
of being safe, fast, and accurate.35

Our study showed that, compared to the patients 
taking HCQ for less than 5 years, those who took 
HCQ for more than 5 years had reduced vascular 
density in SCP and DCP and increased FAZ. 
The FAZ is responsible for marginal and central 
vision, and an increased FAZ indicates ischemic 
changes in the macula.36 This was consistent with 
the AAO recommendation that HCQ usage for 
more than 5 years might be a high-risk factor for 
HCQ-induced retinopathy. Some studies 
reported that, in patients who had taken HCQ for 
more than 5 years, some preclinical changes in the 
fundus could be detected by OCTA earlier than 

Table 3. Correlation analysis between OCTA findings and the patient characteristics as well as their HCQ administration.

OCTA findings Age (years) Duration of 
disease (month)

Duration of HCQ 
treatment (month)

HCQ cumulative 
dose (g)

Daily dose  
(mg/kg)

r p r p r p r p r p

FAZ

 Perimeter (mm) 0.186 0.231a 0.226 0.144 0.419 0.005* 0.445 0.003* 0.036 0.817a

 Area (mm2) 0.096 0.538 0.191 0.219 0.407 0.007* 0.434 0.004* −0.011 0.945

Macular thickness (μm)

 Fovea −0.207 0.184a −0.16 0.305 −0.237 0.125 −0.251 0.105 −0.192 0.217a

 Parafovea −0.187 0.231 −0.085 0.589 −0.045 0.773 −0.041 0.793 −0.084 0.593

SCP vessel density (%)

 Fovea −0.19 0.184a −0.189 0.225 −0.281 0.068 −0.383 0.011* −0.122 0.436a

 Parafovea 0.087 0.577 0.07 0.653 −0.086 0.583 −0.118 0.452 0.128 0.415

DCP vessel density (%)

 Fovea −0.139 0.373a −0.178 0.252 −0.378 0.012* −0.424 0.005* 0.005 0.973a

 Parafovea 0.059 0.707a 0.012 0.941 0.188 0.227 0.152 0.331 −0.156 0.317a

aThe results of Pearson’s correlation analysis, the others were results of Spearman’s correlation analysis.
*p < 0.05.
DCP, deep capillary plexus; FAZ, foveal avascular zone; HCQ, hydroxychloroquine; OCTA, optical coherence tomography angiography; SCP, 
superficial capillary plexus.
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the onset of symptoms in the retina. These pre-
clinical changes found by OCTA included the 
enlargement and distortion of the FAZ and reduc-
tion in retinal thickness and blood density in the 
macula.16,20,29,37 Since OCTA could differentiate 
macular changes from the patients with different 
HCQ treatment courses, it should be helpful in 
the early detection of retinopathy.

In addition to the treatment course, macular area 
changes measured have been reported to be asso-
ciated with older age (>60 years), larger daily 
doses (>5 mg/kg), and higher cumulative doses 
(>1000 g).9,25,38 Our study did not observe a cor-
relation between OCTA parameters and age, 
which might be due to the relatively younger age 
(36.40 ± 11.15 years, Table 1) of the included 
patients. We found that the foveal thickness was 
enhanced in the group with daily doses ⩽5 mg/kg, 
which is consistent with the results of previous 
studies, whereas no correlation between OCTA 
outcomes and the weight-dependent dose was 
found. Although the patient’s weight-dependent 

dose of HCQ (5.66 ± 1.66 mg/kg/day, Table 1) 
was not less than the dose of 5 mg/kg/day recom-
mended by the 2016 AAO guideline,21 the mean 
daily dose [300.00 (200.00, 400.00) mg/day, 
Table 1] did not exceed 400 mg/day. Furthermore, 
the weight-dependent dose did not correlate with 
macula-related parameters, so the HCQ daily 
dose in our study [300.00 (200.00, 400.00) mg/
day, Table 1] was considered safe while the regu-
lar close follow-up should be obligatory. Ocular 
involvement in patients with CTD, especially in 
SLE, may be caused by CTD itself, leading to 
retinopathy.39 Therefore, in our study, we selected 
patients in their remission state with no previous 
ocular involvement to minimize the likelihood of 
CTD affecting OCTA results. The result showed 
that the OCTA parameters were independent of 
the disease duration but were related to the HCQ 
treatment course, suggesting that retinopathy 
might be the ADR from HCQ accumulation. 
Also, HCQ treatment duration was positively 
correlated with FAZ area and FAZ perimeter, 
respectively, and was negatively correlated with 

Table 5. Correlation analysis between OCTA measurements and the concentrations of HCQ as well as its 
metabolites.

OCTA parameters HCQ (ng/mL) DHCQ (ng/mL) DCQ (ng/mL) BDCQ (ng/mL)

r p r p r p r p

FAZ

 Perimeter (mm) 0.130 0.407a −0.028 0.860 0.004 0.980 0.124 0.429

 Area (mm2) 0.102 0.516 0.021 0.894 0.007 0.963 0.176 0.259

Macular thickness (μm)

 Fovea −0.097 0.535a 0.066 0.676 0.016 0.981 −0.105 0.501

 Parafovea 0.049 0.757 −0.023 0.882 −0.050 0.749 −0.130 0.405

SCP vessel density (%)

 Fovea 0.021 0.892a 0.135 0.387 0.190 0.223 −0.007 0.965

 Parafovea −0.048 0.759 −0.227 0.143 −0.096 0.539 −0.139 0.374

DCP vessel density (%)

 Fovea −0.009 0.953a 0.080 0.610 0.244 0.115 −0.056 0.722

 Parafovea 0.060 0.702a 0.116 0.459 0.167 0.285 0.054 0.731

aThe results of Pearson’s correlation analysis, the others were results of Spearman’s correlation analysis.
BDCQ, bisdesethylchloroquine; DCP, deep capillary plexus; DCQ, desethylchloroquine; DHCQ, desethylhydroxychloroquine; 
FAZ, foveal avascular zone; HCQ, hydroxychloroquine; OCTA, optical coherence tomography angiography; SCP, superficial 
capillary plexus.
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the foveal vessel density of DCP. Furthermore, 
the HCQ cumulative dose was positively corre-
lated with FAZ area and perimeter, respectively, 
and was negatively correlated with foveal vessel 
density in SCP and DCP, respectively. These 
results were consistent with the previous research 
reports. After assessing retinal function by 
mfERG in 67 patients treated with HCQ and 62 
healthy controls, Lyons et al.40 found a significant 
correlation between HCQ cumulative dose and 
mfERG abnormalities. In a large group of 3995 
HCQ-treated patients, Wolfe et al.41 revealed that 
the risk of HCQ-induced retinal toxicity was low 
in patients with an HCQ treatment course of less 
than 7 years but was very common in patients 
treated for more than 7 years with HCQ cumula-
tive doses exceeding 1000 g. Based on the fundus 
outcomes detected by the swept-source OCTA, 
Forte et al.20 demonstrated that, with the increase 
in HCQ cumulative dose and treatment duration, 
the vessel density in SCP and DCP decreased, 
and the FAZ increased. All these investigations 
indicated that HCQ cumulative dose and long 
treatment duration potentiated substantial risks 
for retinopathy.

The median concentration in peripheral blood for 
HCQ, DHCQ, DCQ, and BDCQ from Eryavuz 
Onmaz’s investigation was 806 (range 61.7–
2760), 452 (range 20.0–1700), 76.4 (range 4.0–
502.0), and 291 (range 14.0–1477) ng/mL, 
respectively.42 In comparison, the average con-
centration of HCQ and its metabolites detected 
in our study was relatively lower [563.31 (376.39, 
794.22), 355.24 (262.27, 482.30), 44.73 (36.55, 
80.63), and 27.22 (14.79, 36.66) ng/mL for 
HCQ, DHCQ, DCQ, and BDCQ, respectively, 
Table 1], which might be attributed to the differ-
ent HCQ metabolism by various races or incon-
sistent detection methods. By employing OCT 
and mfERG as the assessment method for fundus 
oculi, Petri et al.43 reported that HCQ blood con-
centration was related to retinal changes, while 
Munster found that high HCQ concentration in 
blood was associated with gastrointestinal side 
effects rather than retinal toxicity.44 In our study, 
based on OCTA parameters, neither HCQ nor its 
metabolite concentrations presented any correla-
tion with the detected parameters of the macula. 
However, it was reported that BDCQ blood con-
centration is correlated with fundus lesions found 
by Munster et al.44 Different examination meth-
ods, including OCTA and mfERG, used to evalu-
ate the fundus lesion might account for the 

different results in these researches. Several stud-
ies demonstrated that blood levels of HCQ and 
its metabolites correlated with disease activity. 
Blanchet measured HCQ blood concentration 
from 573 patients with SLE. They observed that 
complete blood HCQ levels in patients with low 
disease activity [systematic lupus erythematosus 
disease activity index (SLEDAI) ⩽4] were higher 
than the patients with high disease activity 
(SLEDAI >4) (940.8 ± 448 versus 765.9 ± 426 ng/
mL, p = 0.001).45 Also, Munster et  al.44 found 
that the therapeutic efficacy of HCQ in RA 
patients was positively correlated with DHCQ 
blood levels; therefore, maintenance of high HCQ 
concentration was recommended, though there is 
no consensus on the effective HCQ concentration 
for various CTD treatments by now. However, 
our research results revealed that the macular 
area detected by OTCA was not affected by 
changes in HCQ concentration. So, based on the 
follow-up results detected by non-invasive 
OCTA, it would be safe for the retina to maintain 
a higher HCQ concentration in the treatment of 
CTD.

Limitations
This study has several limitations. First, we did not 
include healthy controls and disease controls. 
Because fewer SLE patients were treated without 
HCQ, and the majority of participants in this study 
were SLE patients. We had difficulty finding SLE 
patients who were not taking HCQ as disease con-
trol. Considering that SLE could result in retinal 
vascular changes, the comparison between patients 
treated with HCQ and HCs was not exact; there-
fore, we did not include healthy controls as well. 
Second, we included a small number of study sub-
jects, and no patients with HCQ retinopathy were 
observed in this study. Third, we did not analyze 
the density of choroidal capillaries because we 
used the SD-OCTA instrument, which is less sen-
sitive to choroid angiopathy with a shorter wave-
length and weaker penetration.

Conclusion
In conclusion, OCTA can assess the macula 
microvascular changes caused by long-term HCQ 
therapy. The retinal changes detected by OCTA 
were related to the HCQ cumulative course and 
cumulative dose but not to higher blood concen-
trations of HCQ and its metabolites. To improve 
HCQ efficacy in the treatment of CTD, it is 
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recommended to maintain the concentrations of 
HCQ and its metabolites at relatively high levels. 
Even if achieving higher levels of HCQ and its 
metabolites, the retinal vessels have no significant 
changes. Noteworthy, regular follow-up examina-
tions should be indispensable.
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