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Abstract

Objective: To evaluate the effect of

hydroxychloroquine on conjunctival and

retinal microvascular density in rheu-

matoid arthritis (RA) patients.

Methods: Ten healthy controls, 10 RA

patients who had not been treated with

hydroxychloroquine, and 10 RA patients who had been treated with chloro-

quine for more than 5 years were recruited. Optical coherence tomography

(OCTA) was used to examine the conjunctival and superficial and deep ret-

inal microvascular density and compared the differences in microvascular

density between the three groups.

Results: The vascular density in RA group in superficial microvascular was

significantly lower than that in control group (p < 0.001). Compared with RA

group, the chloroquine group showed statistically significantly lower microvas-

cular (p < 0.001) and deep microvascular (p = 0.018). Superficial microvascu-

lar was positively correlated with conjunctival vessel density in RA patients

(r = 0.868, p = 0.0048).

Conclusions: The use of chloroquine could further reduce the vascular den-

sity in the absence of statistical difference in the course of the disease.

KEYWORD S

chloroquine, microvascular density, optical coherence tomography angiography, retina,

rheumatoid arthritis

1 | INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease

with synovitis as the basic pathological change, patients

may present with a variety of extra-articular manifestations,
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such as vasculitis, interstitial pneumonia, and serositis [1].

Rheumatoid vasculitis (RV) is one of its most devastating

complications. Although the pathogenesis of RA is complex

and associated with various factors such as genetic suscepti-

bility, environmental factors, and immune disorders, the

appearance of autoantibodies and the deposition of immune

complexes are recognized as instrumental in the pathogene-

sis of the disease [2]. RV may involve blood vessels

throughout the body; that is, mainly small and medium-

sized vessels. 15% of patients with RV have ocular symp-

toms due to the involvement of blood vessels in the eyes,

which can cause iritis, conjunctivitis, retinitis, and other

conditions [3]. Foreign body sensation in the eyes, photo-

phobia, and tearing, as well as loss of vision are common

complaints. Delays in systematic intervention and treat-

ment can be expected to have serious consequences [4].

Chloroquine is a traditional anti-malarial drug, which

is part of the standard treatment regimen for RA, and it is

currently used for the treatment of mild to moderate cases.

While the mechanism of chloroquine in the treatment of

RA is not yet fully understood, Rainsford et al. [5] sug-

gested that it inhibits the proliferation, activation, and

secretions of immune cells including inflammatory factors,

thereby suppressing the immune-inflammatory process. In

addition, chloroquine as a lysosomal high-affinity inhibitor

that affects the proliferation, invasion, and apoptotic resis-

tance of fibroblast⁃like synoviocytes by inhibiting lyso-

somal autophagy [6, 7]. However, the effect of chloroquine

on retinal vascular endothelial cells and how it affects

blood vessels has been poorly studied, some clinical work

has revealed that chloroquine treatment for RA may lead

to chloroquine retinopathy, the incidence of which is

increasing yearly [8]. This condition may cause damage to

photoreceptors and the retinal pigment epithelium and

may even lead to permanent vision loss [9]. Therefore, the

consensus view is that patients need to undergo retinal

monitoring during treatment.

Optical coherence tomography angiography (OCTA)

is a nonpenetrating, noninvasive, rapid angiographic

technique based on OCT. It maps the blood vessels in dif-

ferent areas of the fundus using laser reflection from the

surface of moving red blood cells [10]. With its self-

contained software, OCTA can perform segmentation

comparisons and quantitative calculations with imaging.

Due to its clear advantages, OCTA has been used for fun-

dus imaging in a variety of systemic diseases including

Alzheimer's disease (AD) [11] and multiple sclerosis

(MS) [12]. It has good sensitivity and accuracy in ophthal-

mic diseases with typical neovascularization such as pri-

mary open-angle glaucoma with high myopia and age-

related macular degeneration [13–15]. These findings sug-

gest that OCTA could achieve accurate monitoring and

early detection of ocular complications including

retinopathy after chloroquine use in patients with RA,

and may improve patient prognoses, maximizing their

quality of life, and avoiding serious adverse outcomes

such as blindness.

Several studies have found that the use of chloroquine

causes a decrease in deep retinal vascular density, an

alteration that is more pronounced after more than

5 years of drug use [16–18]. This reduction in vascular

density is thought to be a precursor of chloroquine toxic-

ity by some but longitudinal studies are lacking. The

innovation of our study is the use of different partitioning

methods to divide the OCTA images of the fundus into dif-

ferent areas to locate the specific location of the altered

microvascular density in the patient's eye. In addition, three

groups were set up to compare patients who had and had

not used chloroquine, as well as RA patients and healthy

control subjects, to investigate whether disease progression

in RA is involved in the process of chloroquine-induced

decrease in fundus microvascular density.

2 | METHODS

2.1 | Research subjects

Ten patients with RA (RA group), 10 patients with RA

who had been taking chloroquine treatment for more

than 5 years (RAC group), and 10 matched healthy con-

trols (HC group) were recruited. All participants were

patients or visitors attending the Department of Ophthal-

mology of the First Affiliated Hospital of Nanchang Uni-

versity between June 2020 and June 2021.

Ophthalmologists selected the subjects strictly according

to the inclusion and exclusion criteria described below

and performed relevant examinations, including visual

acuity measurements, intraocular pressure (IOP) mea-

surements, corneal assessment using a slit lamp, dilated

fundus examinations, and antinuclear antibody and anti-

platelet antibody testing. The erythrocyte sedimentation

rate (ESR) and C-reactive protein (CRP) levels were mea-

sured to assess the degree of inflammation.

The study was approved by the Human Ethics Commit-

tee of the First Affiliated Hospital of Nanchang University

and complied with the Declaration of Helsinki. All subjects

signed an informed consent form before participating.

2.2 | Recruitment criteria

Inclusion criteria for HCs were: (1) age ≥18 years; (2) no

diagnosis of rheumatoid arthritis, systemic lupus erythe-

matosus, desiccation syndrome, or other similar connec-

tive tissue diseases or immune system disorders; and
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(3) no history of taking immunosuppressive drugs such

as chloroquine and its derivatives or steroids.

Inclusion criteria for the RA group included: (1) age

≥18 years; (2) diagnosis with RA for the first time; (3) no

previous treatment regimen with chloroquine or its deriv-

atives; (4) no other immune system diseases such as Sjog-

ren's syndrome or other corneal and ocular diseases; and

(5) habitually right-handed.

Inclusion criteria for the chloroquine group included:

(1) age ≥18 years; (2) previous diagnosis of RA; (3) duration

of chloroquine treatment ≥5 years; (4) exclusion of other

immune system diseases such as dry eye syndrome (or other

corneal and ocular diseases); and (5) habitually right-handed.

2.3 | Exclusion criteria

Individuals positive for any of the following were

excluded: (1) smokers; (2) diagnosis with other eye disor-

ders (e.g., glaucoma, diabetic retinopathy, retinal arterio-

venous obstruction, macular degeneration, ocular

trauma, or ocular tumor); (3) bleeding or inflammation

in the cornea and conjunctiva of either eye; (4) metabolic

diseases such as diabetes, hypertension, or inability to

cooperate due to Alzheimer's or Parkinson's disease;

(5) vasculitis patient; (6) pregnant or lactating; (7) inabil-

ity to tolerate the study protocol for any reason; (8) history

of ophthalmic surgery; and (9) refractive error ≥6.00 D.

TABLE 1 Basic information of participants in all groups.

HCs RA Chloroquine group p value

Age (years) 40.60 ± 6.42 39.80 ± 12.05 43.90 ± 4.23 0.466

Gender (male/female) 0/10 0/10 0/10 N/A

Visual acuity (R)*** 0.96 ± 0.08 0.73 ± 0.17 0.53 ± 0.21 <0.001

Visual acuity (L)* 0.86 ± 0.16 0.74 ± 0.23 0.59 ± 0.23 0.029

IOP (R) 14.84 ± 1.10 15.80 ± 1.33 15.50 ± 2.59 0.461

IOP (L) 14.78 ± 1.59 15.40 ± 1.41 15.56 ± 0.88 0.474

ESR*** 3.90 ± 1.20 15.20 ± 8.01 11.00 ± 3.94 <0.001

CRP** 1.27 ± 0.78 3.90 ± 2.38 1.46 ± 0.53 0.002

ANA+*** 1/10 10/10 10/10 <0.001

APA+ 1/10 0/10 0/10 0.322

HADS** 2.60 ± 1.07 9.20 ± 3.04 9.00 ± 2.79 0.006

Blood pressure

SP (mmHg) 128.10 ± 18.71 125.80 ± 5.43 122.50 ± 5.34 0.363

DP (mmHg) 83.30 ± 5.98 79.10 ± 8.71 75.50 ± 7.81 0.101

Disease duration (years) N/A 8.20 ± 2.97 9.40 ± 1.84 0.295

Medication time (years) N/A N/A 8.40 ± 1.90 N/A

Abbreviations: ANA, antinuclear antibody; APA, antiphospholipid antibody; DP, diastolic blood pressure; HADS, Hospital Anxiety and Depression Scale;

N/A, not available; SP, systolic blood pressure.

*p < 0.05; **p < 0.01; ***p < 0.001.

FIGURE 1 Macular retinal segmentation. From left to right: 3 mm � 3 mm retinal microvascular density image of OCTA examination

of HCs; ring partition method (C1–C6); hemispheric partition method; ETDRS method. ETDRS, Early Treatment Diabetic Retinopathy

Study; I, inferior; IL, inferior left; IR, inferior right; L, left; R, right; S, superior; SL, superior left; SR, superior right.
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2.4 | OCTA examinations

2.4.1 | Macular retinal segmentation

To accurately locate the retinal microvascular changes, we

used three methods to partition the images obtained by

OCTA, including the central annular segmentation

method, the hemispheric segmentation method, and the

Early Treatment Diabetic Retinopathy Study (ETDRS) seg-

mentation method. The ring partition method included the

following: after removing the avascular region with a cen-

tral concave diameter of 0.6 mm, the circular region with a

diameter of 0.6–2.5 mm was defined as a ring region with a

bandwidth of 0.95 mm. The ring area was divided into six

fine rings with a bandwidth of 0.16 mm and the rings were

named C1–C6. The hemispheric partition method included

the following: the images were divided into four quadrants

according to the horizontal diagonal and vertical diagonal,

which were the superior right (SR), superior left (SL), infe-

rior left (IL), and inferior right (IR) quadrants. The Early

Treatment Diabetic Retinopathy Study (ETDRS) segmenta-

tion method included the following: the images were

divided into four quadrants according to the diagonal of

the two quadrants, which were superior (S), inferior (I), left

(L), and right (R) (Figure 1).

2.5 | Statistical analyses

All statistical analyses were completed with SPSS 21.0

(IBM Corp.). Qualitative and quantitative data were

expressed as the mean ± standard deviation and frequency

TABLE 2 p value of further intergroup comparison based on the results in Table 1.

HCs vs. RA group RA group vs. chloroquine group HCs vs. chloroquine group

Visual acuity (R) 0.030* 0.308 <0.001***

Visual acuity (L) 0.750 0.399 0.024*

ESR <0.001*** 1.000 0.003**

CRP 0.007** 0.009** 1.000

HADS <0.001*** 0.999 <0.001***

*p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 3 Examination results of vascular density in macular area.

HCs RA Chloroquine group

Superficial layer Deep layer Superficial layer Deep layer Superficial layer Deep layer

TMI 1.78 ± 0.02 1.80 ± 0.06 1.72 ± 0.05 1.73 ± 0.06 1.62 ± 0.04 1.55 ± 0.15

MIR 1.86 ± 0.02 1.65 ± 0.06 1.74 ± 0.05 1.57 ± 0.04 1.64 ± 0.05 1.39 ± 0.11

MAR 1.10 ± 0.03 1.01 ± 0.06 1.10 ± 0.03 1.00 ± 0.09 1.05 ± 0.04 0.97 ± 0.05

SR 1.69 ± 0.02 1.61 ± 0.06 1.53 ± 0.14 1.55 ± 0.10 1.42 ± 0.15 1.46 ± 0.14

SL 1.67 ± 0.03 1.58 ± 0.06 1.61 ± 0.03 1.47 ± 0.17 1.53 ± 0.15 1.40 ± 0.17

IL 1.67 ± 0.03 1.62 ± 0.07 1.59 ± 0.05 1.55 ± 0.04 1.51 ± 0.07 1.35 ± 0.12

IR 1.69 ± 0.01 1.57 ± 0.11 1.59 ± 0.10 1.56 ± 0.05 1.43 ± 0.06 1.32 ± 0.10

S 1.65 ± 0.04 1.59 ± 0.07 1.51 ± 0.15 1.42 ± 0.16 1.44 ± 0.15 1.44 ± 0.15

I 1.67 ± 0.02 1.59 ± 0.08 1.65 ± 0.04 1.60 ± 0.05 1.45 ± 0.09 1.32 ± 0.13

R 1.67 ± 0.02 1.66 ± 0.06 1.68 ± 0.09 1.64 ± 0.07 1.45 ± 0.06 1.38 ± 0.14

L 1.72 ± 0.03 1.58 ± 0.09 1.58 ± 0.05 1.51 ± 0.09 1.55 ± 0.13 1.41 ± 0.15

C1 1.66 ± 0.04 1.24 ± 0.13 1.44 ± 0.02 1.20 ± 0.07 1.17 ± 0.16 1.06 ± 0.08

C2 1.51 ± 0.05 1.44 ± 0.08 1.49 ± 0.04 1.33 ± 0.10 1.29 ± 0.12 1.11 ± 0.12

C3 1.56 ± 0.02 1.41 ± 0.11 1.47 ± 0.03 1.40 ± 0.08 1.29 ± 0.10 1.26 ± 0.12

C4 1.53 ± 0.02 1.45 ± 0.04 1.47 ± 0.05 1.41 ± 0.07 1.33 ± 0.10 1.32 ± 0.16

C5 1.51 ± 0.02 1.46 ± 0.04 1.49 ± 0.02 1.46 ± 0.06 1.43 ± 0.09 1.32 ± 0.12

C6 1.52 ± 0.03 1.46 ± 0.06 1.51 ± 0.02 1.47 ± 0.05 1.47 ± 0.15 1.36 ± 0.10

Abbreviations: I, inferior; L, left; MAR, macrovascular; MIR, microvascular; R, right; S, superior; TMI, total microvascular.
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(percentage), respectively. Continuous quantifiable data

were tested for normality with the Kolmogorov–Smirnov

test. Data conforming to a normal distribution were con-

trolled assessed with a one-way analysis of variance, and

those not conforming were tested with a rank sum test.

Further post hoc comparisons were performed if the differ-

ences among the three groups were statistically significant.

For qualitative data, a chi-squared test and Fisher's exact test

were utilized to make comparisons. The relationship between

retinal vascular density and conjunctival microvascular den-

sity was explored with Pearson's correlation analysis. For all

statistical analyses, the significance level was set at α = 0.05.

3 | RESULTS

3.1 | Baseline characteristics of
participants

Baseline characteristics were compared between groups

using an independent sample rank sum test (Table 1). No

significant differences were found between the three

groups in age, monocular IOP, systolic blood pressure

(SP), or diastolic blood pressure (DP; p > 0.05). Significant

differences were found in monocular visual acuity (right

eye p < 0.001; left eye p = 0.029), ESR (p < 0.001), and

CRP (p = 0.002). Further comparisons of these indices

between the RA and HC groups revealed statistically sig-

nificant differences in right eye visual acuity (p = 0.030),

ESR (p < 0.001), CRP (p = 0.007), and HADS (p < 0.001).

The chloroquine and RA groups differed significantly in

CRP (p = 0.009), while CRP (p = 1.000) were similar in

the chloroquine and HCs groups (Table 2).

3.2 | Vascular density in the superficial
retinal macula

The results of OCTA examination are presented in

Table 3. The differences among the three groups were

statistically significant for all indicators except C6

(Table 4). In the superficial macular vessels, we observed

a significant decrease in both superficial total microvas-

cular (STMI, p < 0.001) and superficial microvascular

(SMIR, p < 0.001) in RA patients compared with HCs,

whereas the superficial macrovessels (SMAR, p = 0.707)

were similar in the two groups. Specifically, the decrease

in STMI in RA patients was mainly observed in the SR

(p = 0.001), SL (p = 0.004), and IL (p < 0.001) quadrants

of the hemispheric partition method and the S

(p = 0.002) and L (p = 0.002) quadrants of the ETDRS

method, as well as in the C2 (p = 0.033) quadrant of the

ring segmentation method, and C3 (p = 0.035) in

the ETDRS method (Figure 2).

The chloroquine group showed significantly lower

STMI (p < 0.001), SMIR (p < 0.001), and SMAR

(p = 0.001) than the RA group. Among these, the STMI

was significantly reduced in the IL (p = 0.002) and IR

(p < 0.001) quadrants in the hemispheric partition

method, I (p = 0.007) and R (p < 0.001) quadrants in the

ETDRS method, and C1 (p = 0.022), C2 (p = 0.033), and

C3 (p = 0.031) quadrants in the ring partition method.

The differences between the superficial macular vascular

density and that of patients who had not received chloro-

quine were not statistically significant, but all showed an

overall trend of decreasing (Table 5 and Figure 2B).

3.3 | Vascular density in the deep retinal
macula

Deep total microvascular (DTMI; p < 0.001), deep micro-

vascular (DMIR; p < 0.001), and deep macrovascular

(DMAR; p = 0.039) densities were statistically significantly

different among the three groups of subjects (Table 4).

Among these, DTMI (p = 0.183), DMIR (p = 0.05), and

DMAR (p = 0.167) were statistically similar in RA

patients and HCs (Table 5). Further comparisons of DTMI

TABLE 4 p value for comparison of retinal microvascular

examination results among three groups.

Superficial layer Deep layer

TMI <0.001 <0.001

MIR <0.001 <0.001

MAR <0.001 0.039

SR <0.001 0.002

SL <0.001 0.001

IL <0.001 <0.001

IR <0.001 <0.001

S <0.001 0.001

I <0.001 <0.001

R <0.001 <0.001

L <0.001 0.001

C1 <0.001 <0.001

C2 <0.001 <0.001

C3 <0.001 0.002

C4 <0.001 0.004

C5 0.011 <0.001

C6 0.341 0.006

Note: Normality test was performed in all data and single factor analysis of

variance (ANOVA) was performed for those that met the normal

distribution, while groups that did not meet the normal distribution were

analyzed by rank sum test.
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using the hemispheric partition, ETDRS, and ring parti-

tion methods showed statistically significant changes in SL

(p = 0.047), S (p = 0.002), and C2 (p = 0.001) in RA

patients when compared with HCs (Figure 3).

Statistically significant reductions in DTMI and

DMIR were found in the chloroquine group compared

with the RA group, but no such difference was found in

DMAR between the two groups (p = 1.00). Further

investigation using a hemispheric partition, ETDRS, and

ring partition methods revealed significantly lower

DMAR in the chloroquine group than the RA group in

the IL (p = 0.023), IR (p = 0.001), I (p < 0.001), and R

(p = 0.001) quadrants, and C1 (p < 0.001), C2

(p < 0.001), C3 (p = 0.015), C5 (p = 0.002), and C6

(p = 0.015) regions, while densities in other regions

decreased insignificantly (Table 5, Figures 2D and 3).

3.4 | Conjunctival microvasculature

Conjunctival vascular density measured using OCTA was

statistically significantly different among the three groups

(see Figure 4A for details) in both superficial (p = 0.024)

and deep (0.014) layers (Table 6).

3.5 | Correlation analyses

We investigated the relationship between the TMI and con-

junctival microvasculature and observed a significant posi-

tive correlation between the two in the RA group (r = 0.868,

p = 0.0048), but not in the other groups (Figure 4B,C).

4 | DISCUSSION

In our study, patients with RA generally showed lower

superficial retinal vascular density than HCs, mainly in

SMIR, while DTMI showed an insignificant decrease.

In order to more accurately measure the areas where the

blood vessel density changes, we used three different

methods to divide the fundus retina. Specifically, the

decrease in superficial retinal vascular density was con-

centrated in the superior and left side of the retina (SR,

FIGURE 2 The result of OCTA examination in superficial and deep retinal layer. (A) The classic 3 mm � 3 mm OCTA image of the

macular region of the retina in superficial retinal layer; (B) results of superficial retinal vessel density in HCs, RA group and chloroquine

group. (C) The classic 3 mm � 3 mm OCTA image of the macular region of the retina in deep retinal layer; (D) results of deep retinal vessel

density in HCs, RA group and chloroquine group. DMAR, deep macrovascular; DMIR, deep microvascular; DTMI, deep total microvascular;

SMAR, superficial macrovascular; SMIR, superficial microvascular; STMI, superficial total microvascular.

6 of 10 LIU ET AL.



TABLE 5 p value of further intergroup comparison based on the results in Table 2.

HCs vs. RA group RA group vs. chloroquine group HCs vs. chloroquine group

Superficial layer Deep layer Superficial layer Deep layer Superficial layer Deep layer

TMI <0.001 0.183 <0.001 0.018 <0.001 <0.001

MIR <0.001 0.050 <0.001 0.029 <0.001 <0.001

MAR 0.707 0.167 0.001 1.000 <0.001 0.048

SR 0.001 0.195 0.119 0.294 <0.001 0.001

SL 0.004 0.047 0.818 0.696 <0.001 0.001

IL <0.001 0.061 0.002 0.023 <0.001 <0.001

IR 0.073 1.000 <0.001 0.001 <0.001 <0.001

S 0.002 0.002 1.000 1.000 <0.001 0.004

I 0.339 1.000 0.007 <0.001 <0.001 0.001

R 0.069 1.000 <0.001 0.001 <0.001 <0.001

L 0.002 0.159 1.000 0.225 0.001 0.001

C1 0.066 0.473 0.022 <0.001 <0.001 <0.001

C2 0.033 0.001 0.033 <0.001 <0.001 <0.001

C3 0.035 1.000 0.031 0.015 <0.001 0.003

C4 0.072 0.334 0.059 0.264 <0.001 0.003

C5 0.506 1.000 0.323 0.002 0.008 0.002

C6 N/A 1.000 N/A 0.015 N/A 0.017

Note: The post hoc test for all data conforming to the normal distribution was first performed as a chi-square test. If the variances are chi-square, the least

significant difference (LSD) test was selected. If the variances are not homogeneous, the Tamhane's T2 test was selected.

Abbreviation: N/A, not available.

FIGURE 3 Results of superficial and deep retinal vascular density in different regions of three groups (M ± SD).
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SL, and IL) and around the macula (C2 and C3), while

the decrease in deep vascular density was concentrated in

the upper part of the retina (SL and S) and around the

macula (C2). A significant decrease in visual acuity was

also found, while none of the changes in IOP were statis-

tically significant (Table 1). This result suggested that the

progression of RA disease may result in retinal involve-

ment, and a decrease in retinal vascular density in the

early clinical stage may be one of the foremost early path-

ological manifestations. The decrease in retinal vascular

density may result from RV caused by endothelial cell

damage due to deposition of circulating immune com-

plexes and involvement of the fundal vessels [19], in

which case patients may exhibit high levels of macro-

phage migration inhibitory factor [20]. Koray et al. [21]

conducted a similar study using OCTA to assess changes

in retinal vascular density in RA patients and found that

retinal capillary plexus density in the maculae of RA

patients was reduced, but foveal avascular zone size was

not changed appreciably, suggesting that this difference

was due to small rather than large vessel changes in

RA. In broad agreement with this finding, the present

study found that superficial retinal vascular density

changes in RA patients were mainly in the SMAR, while

the decrease in SMIR was not statistically meaningful.

Retinal heat shock proteins may be a key cause of

RA [22] and may contribute to reduced STMI. For exam-

ple, cross-reactive antigens between bacterial heat shock

proteins and the surface of retinal ganglion cells are used

for retinal injury models in rats, in which injection of

heat shock peptides can lead to the progression of ische-

mic retinal injury [23].

As a classical anti-malarial drug, chloroquine is also

used in the treatment of various connective tissue dis-

eases such as systemic lupus erythematosus and

RA. However, long-term use of chloroquine can lead to

binding of melanin granules in the retinal pigment epi-

thelium and eventually result in its atrophy and “bull's

eye” maculopathy, and possibly permanent loss of

vision [24]. Retinal toxicity caused by chloroquine admin-

istration has attracted widespread attention, and research

has been dedicated to the adverse effects of chloroquine

and its derivatives in the treatment of patients with

RA. Ozek [25] found a decrease in vessel density in the

deep capillary plexus blood supply area after more than

5 years of chloroquine use in RA patients without a sig-

nificant change in the foveal avascular zone size,

although some studies have found an increase in zone

size [26]. Reduced vascular plexus density has also been

found in the parafoveal deep temporal and deep hemi-

inferior areas using OCTA [27]. In the present study, we

assessed deep and superficial vessel densities using OCTA

in RA patients treated with chloroquine for more than

5 years and compared these to RA patients without chlo-

roquine treatment. We found that the former group

exhibited a reduction in STMI, SMIT, SMAR, DTMI, and

DMIR, with an insignificant reduction in DMAR. We fur-

ther partitioned the OCTA images using different

methods to provide more precise information and found

that in the superficial retinal layers, the decrease in vessel

density was mainly concentrated in the lower regions (IL,

IR, I, and R) and near the foveal avascular zone (C1, C2,

and C3), while in the deeper layers, the decrease in vessel

density was more diffusely distributed (C1, C2, C3, C5,

FIGURE 4 The OCTA examination result of conjunctival microvasculature density. (A) Comparisons of macular retinal vessel density

(D box) between groups in both superficial (B) and deep (C) layers. HC, healthy control; RA, rheumatoid arthritis.

TABLE 6 The result of OCTA

examination in conjunctival

microvasculature.

HCs RA group Chloroquine group p value

Superficial layer 1.61 ± 0.05 1.57 ± 0.17 1.49 ± 0.07 0.024*

Deep layer 1.59 ± 0.06 1.55 ± 0.15 1.48 ± 0.13 0.014*

*p < 0.05; **p < 0.01; ***p < 0.001.
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and C6). Most studies of chloroquine retinal toxicity have

suggested that patients experience macular thinning, and

Marija [28] found that this change was concentrated in

the inferior, nasal, and temporal sectors. Lee [29] showed

that the use of chloroquine led to a decrease in the thick-

ness of the macular ganglion cell-inner plexiform layer.

Our study also found a significant positive correlation

between STMI and conjunctival vascularity in the RA

group. Chronic inflammatory stimulation is thought to

lead to compensatory vasodilation and an increase in

blood flow density [30]; conversely, our findings sug-

gested that RA-induced vascular endothelial cell injury

and decreases in vascular density may be more predomi-

nant than the reactive local increase in blood flow. How-

ever, there are some limitations in this study. The

number of subjects in this study is small, and the mecha-

nism of fundus vascular changes should be further ana-

lyzed, which will be further improved in future studies.

5 | CONCLUSION

We utilized OCTA imaging to assess the retinal micro-

vasculature in the superficial and deep layers in RA

patients with and without chloroquine treatment and

found reduced macular microvascular density in the

superficial and deep layers of the retina in both

groups. Reduced density was more pronounced in

patients with RA who had received long term chloro-

quine treatment. Fundus vessel changes are detectable

using OCTA before other changes occur, such as

decreased visual acuity or increased IOP. A future

study with a larger sample is needed to determine

whether OCTA can be used as a routine monitoring

method in RA patients with chloroquine treatment to

guide early intervention and avoid or delay adverse

clinical outcomes.
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