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Retinal thickness and microvascular alterations in the diagnosis
of systemic lupus erythematosus: a new approach
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Background: To investigate the differences of retinal thickness (RT) and superficial vascular density (SVD)
between patients with systemic lupus erythematosus (SLE) and healthy controls using optical coherence
tomography angiography (OCTA).

Methods: Individuals with SLE (n=12; 24 eyes) and healthy controls (n=12; 24 eyes) were recruited to this
study. The study protocol was in accordance with the tenets of the Declaration of Helsinki (as revised in
2013). The monocular best-corrected visual acuity (BCVA) was determined using a Snellen eye chart. Each
image was segmented into 9 early treatment diabetic retinopathy study subregions, within which the macular
RT and SVD were measured by OCTA. The vascular perfusion area as a percentage of the measured area
was considered to be the vascular density.

Results: The mean age of the SLE group was 33.80+9.49 years, and the mean age of the control group
was 33.2029.41 years. The mean duration of SLE was 4.33£2.67 years. The BCVA was significantly different
between the SLE and control groups (0.17+0.20 vs. 0.05+0.07, respectively; P=0.021). In the SLE group,
inner RT was reduced in the outer superior and temporal regions and full RT was reduced in the outer
temporal region, compared with the control group (P<0.05). In the outer temporal region, the area under the
receiver operating characteristic curve (AUC) for the inner RT was 0.805 [95% confidence interval (CI): 0.674
to 0.935], and the full RT was 0.828 (95% CI: 0.701 to 0.955). Thinning of RT was negatively correlated
with erythrocyte sedimentation rate (ESR) in the inner retina at the outer temporal and outer superior
regions and the full retina at the outer temporal region (P<0.05). The SVD was significantly lower in SLE
participants than in controls in the central region, all 4 inner quadrants, and 4 outer quadrants (P<0.05). In
the SLE group, SVD was positively correlated with inner RT in the outer superior region, inner RT, and full
RT in the outer temporal region (P<0.05).

Conclusions: Variations in RT within the macular area may affect visual acuity. The OCTA measurement

of RT may be a potential marker for diagnosis of SLE and an indicator of its inflammatory activity.
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Introduction

Systemic lupus erythematosus (SLE) is a common, long-
term rheumatic disease, which affects about 20-150
per 100,000 people (1), 90% of whom are women of
childbearing age (2). Any organ of the human body can be
impacted by SLE, including the eyes (3), and its clinical
manifestations vary greatly, creating challenges in its
diagnosis and treatment by clinicians. The condition also
has a major impact on patients’ quality of life and has a
10-year survival rate of about 70% (4).

Most patients with SLE have occult onset and a period
of about 6 months to 4 years from the first symptom
to diagnosis. In the early stage, it has many clinical
manifestations that are common to other diseases, leading
to misdiagnosis and missed diagnosis. The following clinical
indicators suggest a need for close follow-up for suspected
SLE: (I) clinical symptoms meeting the diagnostic criteria
of SLE; (II) noninfectious fever; (III) leukopenia, hemolytic
anemia, or hypocomplementemia; (IV) presence of multiple
autoantibodies; (V) positive for anti-double-stranded DNA;
(VI) positive for anticardiolipin antibody; and (VII) gradual
increase in clinical manifestations and autoantibodies (5).

With the aim of facilitating a comprehensive evaluation
and early diagnosis of SLE, the American College of
Rheumatology (ACR) updated its itemized standard for
SLE (6), including clinical and immune evaluation. The
new classification does not include ocular indications.
However, recent studies have shown that eye symptoms
may reflect systemic disease activity and may manifest
in one-third of SLE patients (3). In SLE, there may be
involvement of the eyelids, orbit, ocular appendages,
sclera, cornea, retina, uvea, optic nerve, and other ocular
structures. Keratoconjunctivitis sicca (dry eye), retinal
and choroidal vasculitis, and changes in the optic nerve
are ocular manifestations of SLE (7), and the incidence of
retinal involvement is 7-26% (8). Retinopathy is an accurate
reflection of SLE activity in both recessive and dominant
cases, and SLE patients with related retinopathy have been
found to have a significantly lower survival rate than those
without retinopathy (9).

Currently, fluorescein angiography (FA) and indocyanine
green angiography (ICGA) remain the most important
techniques for the exploration of fundus vascular diseases.
However, both are invasive procedures that involve the
infusion of contrast agent, which entails a risk of leakage
affecting the evaluation of retinal vessels (10,11). Optical
coherence tomography angiography (OCTA) offers a
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noninvasive and clinically feasible retinal imaging method
with higher image resolution than that of FA or ICGA (12).
This technique allows measurement of fine structures in
the retina and choroid (13-16) and has advantages in the
diagnosis of disease, including optic neuritis (ON) (17),
Alzheimer’ disease (18), diabetic retinopathy (19), thyroid-
related ophthalmopathy (20), and Parkinson’s disease (21).
Peripheral retinal nerve fiber layer (pRNFL) thinning,
especially in the temporal region, has been recognized as
a biomarker of neurodegeneration (22). Some previous
studies have found similar findings in SLE patients. Macular
RNFL and thickness may be a useful biomarker of early
retinal and/or central nervous system (CNS) involvement in
SLE (23). Photoreceptor layer and pRINFL thinning are
early signs of retinal neurodegeneration in SLE (24).
Patients with SLE have chronic low-grade CNS
inflammation, which begins early in the course of the
disease (25). The retina has the same embryonic origin
as the section of the brain in charge of cognition. It has
a similar blood-tissue barrier to the brain and contains
unmyelinated axons, and is thus an ideal structure to
observe brain changes and neurodegeneration (26). These
characteristics suggest that ocular changes may provide
valuable evidence for the early screening of SLE.

At present, OCTA is not widely used in SLE, and the
findings of related research have been controversial (23,27).
Liu et al. (23) found that compared with a control group,
SLE patients showed significant RNFL and macular
thinning. However, Shulman ez 4/. (27) found no significant
difference in RNFL thickness between SLE patients and
control group participants. Among the eye changes of SLE,
immunoglobulin G (IgG) immune complex has been found
in the retinal vascular wall, and this has been associated with
RNFL infarction and ganglion cell atrophy (28). Vasculitis
leading to retinal micro infarction could be the cause of
RNFL and macular thinning in SLE patients. Therefore,
in the present study, we investigated the ocular status of
patients with SLE, and used OCTA to assess the retinal
thickness (RT) and vascular density of SLE patients through

comparison with healthy controls.

Methods
Participants

This cross-sectional study was conducted in 2020 at the
Department of Ophthalmology and Rheumatology of
the First Affiliated Hospital of Nanchang University
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(Nanchang, China). Patients with SLE were recruited from
the Outpatient Department of Rheumatism Immunology,
and gender- and age-matched controls were recruited from
the Ocular Disease Clinical Research Center. The normal
control group consisted of healthy participants, and an
ophthalmologist from the medical center evaluated the
absence of abnormalities in the eyes of these participants
through clinical examination and OCTA imaging. All
participants were examined by the same retinal specialist.

Recruitment criteria

All patients met the ACR criteria for SLE as revised in
1997 (29). The patients were aged between 18 and 60 years
and had no signs or prodromal symptoms of lupus
retinopathy, choroidopathy, or optic neuropathy. These
criteria excluded patients with hydroxychloroquine (HCQ)
toxicity-related chorioretinopathy.

Exclusion conditions

Individuals satisfying any of the following criteria were
excluded from the study: (I) autoimmune disease other
than SLE; (II) systemic diseases, such as endocrine or
nervous system disease that affect the eye or optic nerve;
(III) retinopathy or choroidal disease (such as vascular
occlusion, age-related macular degeneration, glaucoma,
or high intraocular pressure); (IV) eye tumor, history
of eye surgery, or trauma; (V) diseases with significant
effects on fundus imaging; (VI) pregnancy or lactation; or
(VII) contraindications, allergies, or intolerance to local
anesthetics or mydriatic drugs.

Ethical considerations

All research methods were approved by the Medical
Ethics Committee of the First Affiliated Hospital of
Nanchang University (cdyfy2016023) and were conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The purpose, method, and potential risks were
explained to all participants, who then signed an informed
consent form.

Clinical examinations

All participants underwent the following clinical and
ophthalmic examinations: (I) antinuclear antibody and
antiphospholipid antibody testing; (II) erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP)
tests as indicators of inflammation; (III) SLE Disease
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Activity Index 2000 (SLEDAI-2K) (30) and Systemic Lupus
International Collaborating Clinics/ACR Damage Index
(SDI) (31) for disease damage assessment; and (IV) eye
and vision measurements, including visual acuity (Snellen

chart) and intraocular pressure (Goldmann tonometry); (V)
OCTA.

OCTA

We used RTVue Avanti XR system (Optovue, Fremont, CA,
USA) to perform OCTA imaging to simultaneously display
retinal cross section and microvessels. The scanning speed
was set as 70,000 a-scans per second, the axial resolution
was 5 mm, the horizontal resolution was 22 pm, the central
wavelength was 840 nm, and the bandwidth was 45 nm. A
b-scan (along the x-axis) in a 3 mm x 3 mm scan pattern with
5 repetitions of angiography was used to image at 216 raster
positions (along the y-axis), focusing on the fovea, and the
acquisition time was 3.9 seconds. We captured a 1,080 b-scan
(216 y position x 5 position) at 270 frames per second (32).
We obtained a 3 mm x 3 mm OCTA image through a series
of 4 volume scans using 2 horizontal and 2 vertical rasters
(933,120 a-scans in total). A 3 mm x 3 mm en face OCTA
angiographic image was calculated for each eye.

After scanning, each retina was segmented into 9 Early
Treatment Diabetic Retinopathy Study (ETDRS) (33)
subregions, composed of 3 concentric rounds (0.5, 1.5, and
3 mm in radius), and their thickness was analyzed. Each
layer of the retina covered the (I) inner retina—from the
internal limiting membrane (ILM) to the inner plexiform
layer (IPL)—and (II) the full retina—from ILM to retinal
pigment epithelium (RPE). We defined outer RT as the
difference between full RT and inner RT. The vascular
perfusion area as a percentage of the measured area was
considered to be vascular density. The vascular density
was determined with the threshold method, in which
2-dimensional en face images of superficial retina (the
layer between the vitreous retinal interface and the front
boundary of the ganglion cell layer) were created. The value
of the image block was determined and assigned to each
pixel perfusion (1) or background (0). The average value of
the skeleton plate in the region of interest was scaled based
on the pixel size (512 pixels/3 mm) to calculate vascular
density from the center of the macula to the edge of the
3 mm x 3 mm brightness gradient image. Macular RT and
superficial vascular density (SVD) were measured. In all
participants, the right eye was assessed first. Data from the
left eye were flipped to obtain a mirror image of the right
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eye. Left and right eye data were averaged and analyzed
together (Figure 1A4).

Statistical analysis

The data were analyzed using SPSS version 22.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism version 8
(GraphPad Software, La Jolla, CA, USA), and are reported
as mean = standard deviation. Independent samples #-test,
chi-square test, and Fisher’s exact test were used to compare
data between groups. The generalized estimation equation
was employed to compare RT and SVD between SLE
eyes and control eyes, and data were adjusted for known
confounding variables and to account for the correlation
between eyes from the same individual. False discovery
rate (FDR) was used to adjust P values. The relationship
between RT and systemic and ocular variables was analyzed
using univariate and multivariate regression analyses.
Linear correlation analysis was conducted between RT
(full thickness, inner layer, and outer layer) and both
ESR and SVD in each group. To analyze the distinction
between healthy and SLE participants, receiver operating
characteristic (ROC) curves for RT (full, inner, and outer)
and SVD were plotted. A P value <0.05 was deemed
statistically significant.

Results
Participants

A total of 12 participants (24 eyes) were included in each
group. The groups were statistically similar in age (the
mean age of SLE was 33.80+9.49 years, and the mean age of
the control was 33.20£9.41 years; P=0.881) and gender ratio
(11 females and 1 male in each group; P=1.0). In the SLE
group, the mean time since diagnosis was 4.33+2.67 years,
the mean SLEDAI-2K was 4.25 (range, 0-10), and the
mean SDI was 0.17 (range, 0-1). The visual acuity of the
SLE group was significantly lower than that of the control
group (P=0.021; Table I).

Analysis of the macular RT

The subregional RT in the SLE and control groups is
shown in Tuble 2 and Figure 1B. After adjustments were
made for age, gender, intraocular pressure, visual acuity,
and blood pressure, as well as for P values after multiple
correction, the inner RT was found to be significantly
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lower in SLE patients than in controls in the superior and
temporal quadrants of the outer ring (P=0.045 and P=0.012,
respectively; Figure 1C). The other 2 regions of the outer
ring (nasal: P=0.173; inferior: P=0.081), 4 regions of the
inner ring (superior: P=0.123; nasal: P=0.068; inferior:
P=0.131; temporal: P=0.058), and foveal center (P=0.162)
were not significantly different between the groups.

After multiple correction, there was no significant
difference in outer RT between SLE participants and their
healthy controls (Figure 1D). All 4 regions of the outer
ring (superior: P=0.349; nasal: P=0.126; inferior: P=0.512;
temporal: P=0.102), all 4 regions of the inner ring (superior:
P=0.632; nasal: P=0.701; inferior: P=0.608; temporal:
P=0.340), and foveal center (P=0.733) showed no significant
difference.

The full RT in SLE participants was significantly thinner
than that of the control group in the temporal region of the
outer ring (P=0.018; Figure 1E). No significant difference
between groups was found in any of the other regions
(P>0.09).

Univariate regression analysis showed a negative
correlation between macular RT and visual acuity (b=—6.373;
P=0.002), but not for age, gender, intraocular pressure, or
blood pressure. Multivariate regression showed a significant
association between poor visual acuity (b=-7.271; P=0.010)
and thinner macular RT (7able 3).

Analysis of the macular retinal superficial vessel density

The SVD at different retinal subregions in the SLE and
control groups are shown in Table 4 and Figure 1B. After
adjustments were made for age, gender, intraocular pressure,
visual acuity, and blood pressure, SVD was found to be
significantly lower in SLE participants than in the controls
on the nasal side (inner ring: P=0.004; outer ring: P=0.003),
inferior (inner ring: P=0.003; outer ring: P=0.003), temporal
(inner ring: P=0.003; outer ring: P=0.002), superior (inner
ring: P=0.005; outer ring: P=0.013), and center regions
(P=0.002; Figure 1F).

ROC analysis of inner, full R1, and superficial vessel
density

The OCTA data were analyzed to find the specificity and
sensitivity of RT and SVD as diagnostic indicators for SLE-
related changes (Figure 2). Significant differences between
groups were found in the inner outer superior (OS), inner

outer temporal (OT), and full OT in the SLE group. The
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Figure 1 The OCTA images and RT and SVD analysis of control and SLE groups. (A) Cross-sectional view of retinal thickness in the SLE
and control group under OCTA. The inner RT, full RT, and SVD were measured by ETDRS. (B) The results of inner RT, outer RT, full
RT, and SVD in the SLE group and control group were compared. (C-E) Analysis of RT results in the SLE group and control group. The
vertical coordinate is the value of RT, and the horizontal coordinate is the retinal subregions. (F) Analysis of SVD results in the SLE group
and control group. The vertical coordinate is the value of SVD, and the horizontal coordinate is the retinal subregions. OCTA, optical
coherence tomography angiography; SLE, systemic lupus erythematosus; RT, retinal thickness; SVD, superficial vessel density; ETDRS,
early treatment of diabetic retinopathy study; IS, inner superior; OS, outer superior; IN, inner nasal; ON, outer nasal; II, inner inferior; OI,
outer inferior; I'T, inner temporal; OT, outer temporal; C center. *, P<0.05; **, P<0.01.
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Table 1 Characteristics of patients with SLE and healthy controls
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Characteristics SLE (n=12; 24 eyes) HC (n=12; 24 eyes) t P value
Age (years), mean + SD 33.80+9.49 33.20+9.41 0.151 0.881°
Gender (female:male) 11:1 11:1 - 1.000°
Acuity (logMAR), mean + SD 0.17+0.20 0.05+0.07 - 0.021*
Mean intraocular pressure (mmHg), mean + SD 16.04+2.68 15.13+1.61 - 0.253°
ESR (mm), mean + SD 23.17+22.88 N/A - -
CRP (10 mg/L), mean + SD 6.96+17.86 N/A - -
ANA, n (%) 12 (100.0) N/A - -
aPL, n (%) 1(8.3) N/A - -
SLEDAI-2K, mean (range) 4.25 (0-10) N/A - -
SDI, mean (range) 0.17 (0-1) N/A - -
SBP (mmHg), mean + SD 128.33+12.12 129.08+17.01 -0.124 0.902*
DBP (mmHg), mean + SD 78.08+8.57 82.83+6.98 -1.489 0.151%
Duration of SLE (years), mean + SD 4.33+2.67 N/A - -

*, P<0.05; %, independent samples t-test; ®, Chi-square test; °, P value was obtained with a generalized estimating equation (both eyes of
the participants were included). SLE, systemic lupus erythematosus; HC, healthy control; SD, standard deviation; MAR, minimum angle
of resolution; ANA, antinuclear antibody; aPL, antiphospholipid antibodies; SLEDAI-2K, SLE Disease Activity Index 2000; SDI, SLE
Damage Index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; N/A, not applicable; SBP, systolic blood pressure; DBP,

diastolic blood pressure.

area under the ROC curve (AUC) for inner RT and full RT
in the OT region was 0.805 (95% CI: 0.674 to 0.935) and
0.828 (95% CI: 0.701 to 0.955), respectively, suggesting
moderate to high diagnostic sensitivity for SLE (Figure 2A4).

Significant between-groups differences in SVD were
found in all 4 regions and in the central region. The AUC
of the SVD OT was 0.779 (95% CI: 0.644 to 0.913), and
the AUC of the SVD center was 0.780 (95% CI: 0.643 to
0.916), suggesting moderate diagnostic sensitivity of SVD
for SLE (Figure 2B).

Relationship between RT and ESR and CRP

In patients with SLE, negative correlations were found
between RT and ESR in the inner retina at OT and OS
regions (—0.456 and —0.415, respectively) and the full retina at
OT (-0.478; Figure 3). There was no correlation between RT
and CRP in the inner retina at OT and OS regions (P=0.437
and P=0.395, respectively) and the full retina at OT (P=0.153).

Relationship between RT and superficial vessel density

As shown in Figure 4, in the SLE group, the correlation

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

coefficient between inner RT and SVD in the OS region
was 0.683, that between inner RT and SVD in the OT
region was 0.693, and that between full RT and SVD in
the OT region was 0.524. These findings suggest that
retinal thinning may be related to decreased vascular
density in SLE.

Discussion

This study found significantly reduced visual acuity, RT,
and retinal vascular density in patients with SLE, as well as
significant associations between these factors.

The basic pathology of SLE involves vasculitis and
its characteristic histological change is the deposition of
immune complex, which especially affects the small arteries
and capillaries. In the 2017 ACR classification standard
for SLE (6), antinuclear antibody titer >80 (Hep-2 cell
immunofluorescence method) is emphasized as a necessary
condition, and it is applied to 7 clinical (fever, skin, joint,
nervous system, serositis, blood system, kidney) and 3
immunologic (antiphospholipid antibody, complement, and
anti-Smith antibody) factors. Each criterion in the standard
is stratified and weighted, and a total score of >10 allows a
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Location SLE (n=12; 24 eyes) HC (n=12; 24 eyes) P value® FDR
Macular inner retinal thickness (um), mean = SD
IS 111.08+6.51 113.13+6.10 0.342 0.123
oS 104.71+7.88 110.63+7.35 0.038* 0.045*
IN 110.04+8.06 115.54+6.98 0.115 0.068
ON 121.71£7.32 123.50+4.85 0.58 0.173
Il 111.63+7.36 114.04+6.41 0.385 0.131
Ol 101.67+8.03 104.17+7.01 0.171 0.081
IT 100.08+7.47 104.79+4.13 0.073 0.058
oT 87.21+6.77 93.75+5.09 0.005* 0.012*
C 48.67+6.91 51.33+5.81 0.538 0.162
Macular outer retinal thickness (um), mean + SD
IS 215.50+5.76 217.12+6.09 0.553 0.632
(O] 187.63+12.94 187.00+9.51 0.173 0.349
IN 216.75+7.71 215.46+13.25 0.757 0.701
ON 187.54+6.61 194.54+9.95 0.037* 0.126
Il 210.12+5.78 211.63+7.53 0.501 0.608
Ol 178.92+6.01 182.17+13.46 0.339 0.512
IT 210.79+6.46 213.17+8.97 0.164 0.340
oT 184.50+4.76 191.17+11.38 0.015* 0.102
C 191.71+16.01 193.33+15.55 0.887 0.733
Macular full retinal thickness (um), mean + SD
IS 326.58+10.45 330.25+9.54 0.322 0.382
0Ss 292.33+16.25 297.62+11.75 0.801 0.598
IN 326.79+13.43 331.00+17.64 0.579 0.519
ON 309.25+11.47 318.04+11.63 0.088 0.159
Il 321.75+11.07 325.67+10.57 0.262 0.328
Ol 280.58+11.97 286.33+13.23 0.113 0.174
IT 310.88+10.61 317.96+8.75 0.032* 0.094
oT 271.71+10.67 284.92+11.60 0.003* 0.018*
C 240.38+20.53 244.67+16.13 0.691 0.563

FDR was used to adjust P values. *, P<0.05; ® generalized estimating equation models were used to obtain P values comparing mean
inner, outer, and full macular retinal thickness between SLE patients and healthy controls. Models were adjusted for age, gender,
intraocular pressure, acuity, and blood pressure. SLE, systemic lupus erythematosus; HC, healthy control; SD, standard deviation; FDR,
false discovery rate; IS, inner superior; OS, outer superior; IN, inner nasal; ON, outer nasal; Il, inner inferior; Ol, outer inferior; IT, inner

temporal; OT, outer temporal; C center.
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Table 3 Univariate and multivariate regression analyses of association between macular retinal thickness with demographic and ocular parameters

in patients with SLE

Univariate regression analysis,

Multivariate regression analysis,

Parameters regression coefficient (f + SE) P value® regression coefficient (B + SE) P value®
Age (years) -0.007+0.045 0.875 0.011+0.058 0.848
Gender (female:male) -5.383E-17+1.477 1.000 0.596+1.518 0.695
Acuity (logMAR) -6.373+2.031 0.002* -7.271+2.809 0.010*
Mean intraocular pressure (mmHg) -0.196+0.158 0.215 0.081+0.245 0.740
Systolic blood pressure (mmHg) 0.004+0.028 0.893 0.001+0.032 0.969
Diastolic blood pressure (mmHg) 0.090+0.060 0.134 0.102+0.095 0.285

*, P<0.05; % P value was obtained with generalized estimating equation. SLE, systemic lupus erythematosus; SE, standard error; MAR,

minimum angle of resolution.

Table 4 Comparison of superficial vessel density at different locations between patients with SLE and healthy participants

Location (%, mean + SD) SLE (n=12, 24 eyes) HC (n=12, 24 eyes) P value® FDR

IS 52.33+4.62 54.21+4.50 0.038* 0.005*
0os 51.54+3.59 52.21+£3.77 0.096 0.013*
IN 50.63+4.84 53.12+4.08 0.023* 0.004*
ON 54.83+2.79 55.92+2.57 0.018* 0.003*
Il 51.46+4.60 53.17+3.57 0.014* 0.003*
Ol 50.58+3.68 52.63+3.89 0.007* 0.003*
IT 52.21+£3.95 54.92+2.55 0.010* 0.003*
oT 47.29+4.03 50.67+2.84 0.003* 0.002*
C 17.46+5.29 22.00+3.24 0.004~ 0.002*

FDR was used to adjust P values. *, P<0.05; ? generalized estimating equation models were used to obtain P values to compare mean
superficial vessel density between SLE patients and healthy controls. Models were adjusted for age, gender, intraocular pressure, acuity,
and blood pressure. SD, standard deviation; SLE, systemic lupus erythematosus; HC, healthy control; FDR, false discovery rate; IS, inner
superior; OS, outer superior; IN, inner nasal; ON, outer nasal; Il, inner inferior; Ol, outer inferior; IT, inner temporal; OT, outer temporal; C

center.

diagnosis of SLE. However, ocular and visual factors in the
assessment of this disease are often ignored. We found that
in the absence of clear ocular symptoms, SLE participants
had significantly poorer visual acuity than did the healthy
controls, which has rarely been reported in previous studies.

Although ocular symptoms are not part of the diagnostic
criteria for SLE, ocular manifestations remain important
clues to disease activity since they provide direct visualization
of vascular changes (26). The retina and the brain originate
from the same embryological tissue and provide clues for
the study of systemic diseases that may involve the CNS (34).
Reduced RT may be the earliest sign of neurological disease
and may help distinguish abnormality (17). In our study,
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according to the ETDRS zoning method, the RT was
reduced in all regions, with significant thinning in OS and
OT in the inner retina and OT in the full-thickness retina.
A multivariate regression model showed that impaired vision
was significantly associated with retinal thinning. This is
consistent with previous studies showing retinal nerve fiber
layer thinning in SLE (23,24). OCTA measurements of the
full RT in SLE have not been reported previously.

In SLE, subclinical infiltration caused by high
permeability and increased choroidal thickness may induce
choroidal lesions (35). Choroidal lesions can therefore
indicate onset of disease months in advance of symptoms,
are signals for subclinical reversible kidney disease and
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neuropathy (8), and are thus monitored by clinicians. If
subclinical change of this kind also exists in the retina, it
may prove similarly helpful.

The retina receives nutrition from three sources: central
retinal blood vessels feed the inner layers, choroidal vessels
(ciliary vascular system) feed the outer layers, while the
macular region is served by choroidal capillaries. Patients
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with SLE have immune disorder, produce autoantibodies,
and have abnormal activation of T and B lymphocytes (36).
When the choroidal vascular system is involved, fibrin
deposition in the vascular wall and lumen may occur (37),
leading to vascular injury and increased vascular
permeability, confirmed by histopathology. In this situation,
inflammatory cell infiltration of the choroid, IgG (28) and
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Figure 5 Relationship between retinal changes and microvessels in patients with SLE. The decrease of SVD led to the decrease of RT and

visual acuity, which was related to a rapid progression of ESR. SLE, systemic lupus erythematosus; RT, retinal thickness; SVD, superficial

vessel density; ESR, erythrocyte sedimentation rate.

complement deposition in the choroidal vascular system,
and retinal pigment epithelial damage have been found (38).
Antiphospholipid antibodies can also cause vascular
lesions (8,39), mainly due to the activation of platelet
and coagulation pathways, leading to the formation of
vascular microthrombosis (36), with the subsequent lumen
stenosis resulting in tissue hypoxia and chronic ischemia
(40,41). When these changes occur in vessels supplying the
retina, pathology of the retinal region follows, and these
pathological changes may affect the whole chorioretinal
vascular network. Our study found that in SLE patients, the
superficial retinal vascular density decreased significantly
in all regions. The inner RT and the full RT were
positively associated with the SVD. These changes and
correlations have also been found in diabetic patients (42).
The microcirculation changes in diabetic patients may
occur before clinically distinguishable retinopathy, and
we speculate that this subclinical change also exists in
SLE patients. Retinal thinning was most significant in the
temporal regions, while the loss of capillaries occurred
in all areas. Vascular lesions in the choroidal capillaries
could also lead to long-term ischemia in the outer retina,
especially in the photoreceptor layer, which would increase
the production of reactive oxygen species. This detrimental
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environment reduces mitochondrial biosynthesis,
resulting in inadequate energy supply and degeneration of
photoreceptors in patients with SLE (43), thus affecting
vision. Perhaps due to the limited sample size, we did not
detect any significant difference in the thickness of outer
retina between SLE patients and controls.

In SLE patients, many immune complexes are deposited
in the capillaries to activate the complement system, and
C5 is activated to produce C5a. The latter chemotactically
stimulates neutrophils and other inflammatory cells
to release more inflammatory factors, which clears the
complex, aggravates the inflammatory response, and
damages multiple organs and tissues (44). The immune
regulation function of SLE patients is disordered, releasing
numerous inflammatory factors (45,46) to stimulate the
aggregation of red blood cells, resulting in decreased
stability and increased ESR. In the present study, thinning
of the inner retina at the OS and OT regions and of the full
retina at the OT were associated with elevated ESR. This
reflects systemic inflammation and may serve as a marker
of ineffective systemic disease control (1,47) (Figure 5).
CRP is also a nonspecific inflammation marker, which is
often used to reflect the degree of inflammation in SLE
patients, just like ESR; however, in our study, there was
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no correlation between RT and CRP. Variation in CRP
values across different types of organ involvement in SLE
has been proposed. The level of CRP in patients with lung
involvement was significantly higher than that in patients
with other types of organ involvement (48). Moreover,
CRP level was positively correlated with the severity of
pulmonary infection (49), especially bacterial infection (50).
It has been reported that infected-inactive SLE has a
significantly elevated CRP level in comparison with
noninfected-inactive SLE (51).

Our ROC curve analysis of inner and full RT in the OT
zone illustrates a possible approach for early detection of
retinal changes in SLE. Early diagnosis and assessment are
key to successful treatment and good prognosis. OCTA is
a noninvasive, convenient measurement which provides
information about intraocular vascular network perfusion.
Changes in microcirculation in patients with SLE may
precede clinically distinguishable retinopathy. OCTA is a
useful method for differentiating healthy eyes from those
with SLE. The RT measured by OCTA may be helpful for
the assisted imaging diagnosis of SLE and an indicator of
its inflammatory activity. However, more research is needed
to provide a basis for future clinical application. Therefore,
given the significant results of this study, it is necessary to
include more participants in future studies.

A few other shortcomings in this research should be
mentioned. First, patients with HCQ toxicity-related
retinochoroidopathy were excluded, so the usage of HCQ
in SLE patients was not comprehensively considered in
this study. Previous research has shown that toxic effects of
HCAQ are not significant at a daily dose below 6.5 mg/kg
over 5 years (52,53). The doses and durations of HCQ
used in the SLE participants included in this study were
within the guideline-recommended range. Second, other
drugs commonly used in SLE (including corticosteroids)
may affect vascular integrity, yet these were not included in
the scope of our research. In the context of SLE, we think
that the influence of various autoantibodies and circulating
immune complexes on blood vessels are the most important
considerations. Glucocorticoids are one of the most important
therapeutic drugs. They can inhibit the vasodilation of
arterioles and capillary beds, thus preventing the increase
of blood flow in the early stage of inflammation (54).
They also prevent capillary and retrocapillary venules from
increasing vascular permeability, thereby reducing the
formation of exudates. At the same time, glucocorticoids
can effectively inhibit the migration of leukocytes through
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the posterior venules of capillaries (55). In SLE, long-term
administration of glucocorticoids almost inevitably results
in a well-known series of adverse effects, including diabetes,
osteoporosis, and fractures (56). Ocular adverse reactions
mainly manifest as cataracts under the posterior capsule and
as secondary open angle glaucoma (57). It has been reported
that glucocorticoids are the main treatment methods, even
in isolated retinal vasculitis (58). In our study, the decrease
of RT and SVD in SLE patients was more likely to be
caused by systemic diseases, and glucocorticoids should
play a protective role. Adverse reactions of other drugs,
including glucocorticoids, should be taken into account, but
this needs further research, and may be the direction of our
next study. Finally, the study included a small sample, and there
were not enough participants to break down the comparison
by disease stage. Further research with larger numbers of
participants with SLE is needed in future. A larger participant
cohort is required to confirm the present findings and provide
a firmer basis for transition to clinical applications.

Conclusions

We used OCTA to enhance the understanding of RT and
SVD in patients with SLE. The results included thinning
of the inner and full thickness retina, SVD decrease in all
areas, and a positive association between changes in RT
with SVD. In addition, retinal thinning at the macular area
was found to affect visual acuity, measurement of which by
OCTA may be helpful for the assisted imaging diagnosis of
SLE and an indicator of its inflammatory activity.
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