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ABSTRACT

Purpose: This systematic review aims to investigate the impact of autoimmune diseases on the retinal layer by identifying structural 
and vascular changes as early signs of retinal neurodegeneration, using optical coherence tomography (OCT) and optical coherence 
tomography angiography (OCTA).

Method: A comprehensive search was conducted using PubMed, ScienceDirect, Google Scholar, and Springer Link databases in the 
last 10 years. All studies reporting OCT/OCTA parameters in systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and 
multiple sclerosis (MS) were selected based on inclusion criteria, with the focus being on autoimmune diseases affecting retinal layers.

Results: Fifteen eligible studies met the criteria. The results of each study indicated significant retinal neurodegeneration, including 
thinning of the retinal nerve fiber layer (RNFL), damage to the photoreceptor layer, and microvascular changes. No direct correlation 
was found between retinal layer damage and disease activity in some studies.

Conclusion: Retinal neurodegeneration is a crucial yet underrecognized consequence of autoimmune diseases. OCT and OCTA offer 
promising diagnostic tools for early detection and monitoring. Future research should focus on longitudinal studies to establish clearer 
clinical guidelines and therapeutic interventions for preventing autoimmune-related vision impairment.
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The retina, a complex neuroepithelial tissue and an extension 
of the central nervous system (CNS), is particularly 
vulnerable to immunologically mediated inflammatory 
damage. These pathological processes can trigger structural 
alterations and progressive neurodegeneration, which may 
ultimately result in visual impairment and blindness.3 
Furthermore, inflammatory processes such as vasculitis 
and atherothrombotic changes, which are often seen in 
autoimmune diseases, can affect the retinal and choroidal 
vascular systems.1,4

INTRODUCTION

Autoimmune diseases are multisystemic disorders that 

can affect various organs in the body. In recent decades, 

there has been increasing attention to the systemic impact 

of autoimmune diseases known to affect the eyes, either 

through direct inflammatory mechanisms or secondary 

neurodegenerative processes.1,2 As an organ sensitive to 

systemic changes, the eye can serve as an early indicator 

of underlying autoimmune conditions.1 
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Comprehensive eye examinations are crucial for the early 
diagnosis of autoimmune diseases and for monitoring 
symptoms that may not present clear clinical signs. 
Early detection of ocular complications can prevent the 
development of acute complications that threaten vision.2 
However, examinations such as fundoscopy are often not 
sensitive enough to detect the microstructural changes 
in the retina that are the first signs of inflammation and 
vascular disturbances.5 Non-invasive imaging modalities 
such as optical coherence tomography (OCT) and optical 
coherence tomography angiography (OCTA) greatly 
enhance our ability to accurately detect changes in retinal 
microstructure. OCT enables quantitative visualization of 
the retinal layers, while OCTA allows for detailed analysis 

of retinal micro-vascularization and can detect potential 
changes in retinal structure.2,6

Various studies have been conducted to show retinal 
tissue and even microvascular damage using OCT and 
OCTA. OCT’s ability to detect thinning of the retinal nerve 
fiber layer (RNFL) and the macula has made it a useful 
biomarker in many neurodegenerative diseases.7

MATERIALS AND METHODS

This systematic review was conducted following the 
PRISMA guidelines and assessed according to the Oxford 
Center of Evidence-Based Medicine 2011 Level of 
Evidence. (Figure 1) A comprehensive literature search 
was carried out across four online databases: PubMed, 

Figure 1.  All literature search using the PRISMA
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ScienceDirect, Google Scholar, and Springer Link. The 
research covered publication in the last 10 years, using the 
following terms: “retinal neurodegeneration in autoimmune 
disease”, “ocular manifestation in autoimmune disease”, or 
“retinal and choroidal changes in autoimmune disease”. 
Additional manual searches were performed through the 
reference lists of included articles.

All studies are considered eligible for review if they meet 
the following inclusion criteria: (1) Study design includes 
randomized controlled trials, retrospective/prospective 
cohort studies, or cross-sectional studies; (2) Publication 
date within the last 10 years; (3) Autoimmune diseases 
affecting the eyes; (4) Description of clinical manifestations 
of autoimmune diseases in the retina and choroid; (5) 
Neurodegenerative changes in the retina associated with 
autoimmune diseases; (6) Autoimmune diseases such as 
SLE, Rheumatoid Arthritis, and Multiple Sclerosis. The 
exclusion criteria are: (1) Studies that are not accredited; 
(2) Review articles; (3) Animal-based studies. 

Data were extracted into a standardized sheet covering: 
author, year, country, study design, sample size, age, 
disease duration, activity score (Mex-SLEDAI, SLEDAI-

2K, DAS28, EDSS), imaging modality (OCT/OCTA), 
key outcomes (pRNFL, GCIPL, FAZ, vessel density), 
and main findings. Due to methodological heterogeneity 
across studies, a narrative synthesis was performed instead 
of quantitative pooling. Results were grouped by disease 
(SLE, RA, MS) and by imaging modality (OCT vs OCTA). 
Trends in structural peripapillary retinal nerve fiber 
(pRNFL), ganglion cell-internal plexiform layer (GCIPL), 
and (vessel density, FAZ) parameters were summarized 
and interpreted.

RESULT

Characteristic

This review identified 15 studies that demonstrated 
retinal and choroidal changes as clinical manifestations of 
autoimmune diseases, as shown in Table 1. Seven of these 
studies discussed systemic lupus erythematosus (SLE), 
four discussed rheumatoid arthritis (RA) and four discussed 
multiple sclerosis (MS). The imaging modalities primarily 
used to assess the retina and choroid were OCT and OCTA, 
11 used OCT, while 5 used OCTA. Only 4 studies reported 
patient follow-up, with a follow-up period ranging from 2 
to 4 years (Table 2).

Table 1. Characteristics of the studies

No. Authors, Year Sample Size Control Age Average Study Duration

1 Fuoad et al., 
201911 52 eyes - Average age 25.15 years, range 

32.38 - 58.17 years
27.53 months with a range of
14.86 - 69.92 months

2 Dios-santos et 
al., 20208 68 eyes 50 eyes Average age 45.50 years, range 

16.55 - 33.75 years
11.0 years with a range of 6.25
- 19.0 years

3 Dios-santos et 
al., 20209

65
patients - Average age V1 = 45.50 years; 

V2 = 47.35 years
V1 = 11.0 (6.25 - 19.0) years,
V2 = 13.0 (7.5 - 20.0) years

4 Shi et al., 
202112 24 eyes 24 eyes

Average age SLE patients
33.75 years, range 24.67 -
42.83 years

4.33 years with a range of 1.77
- 6.89 years

5 Liu et al., 
202113 24 eyes 24 eyes Average age 33.20 years, range 

23.79 - 42.61 years
4.33 years with a range of 1.66
- 7.0 years

6
Mimier-
Janczak et al., 
202310

57 eyes 56 eyes Average age 46.07 years, range 
31.98 - 60.16 years

101.8 months with a range of
11.82 - 191.78 months

7 Comcali et al.,
202314 28 eyes 27 eyes Average age 44.07 years,

range 31.96 - 56.18 years
11.24 years with a range of
2.28 - 20.2 years

8 Duru et al., 
201515

117
patients

46
patients

Average age RA 51.56 years, 
range 42.38 - 61.37 years

6.71 years, range 1.92 - 11.5 
years

9 Tekitoglu et 
al., 201524

95 eyes 79 eyes Average age RA 52.6 years, 
range 43.6 - 61.6 years

7.2 years, range 2.7 - 11.7 years
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Table 1. Characteristics of the studies

No. Authors, Year Sample Size Control Age Average Study Duration

10 A Kurt et al., 
201716

59 eyes 59 eyes Average age RA 55.46 years, 
range 45.01 - 65.91 years

10.76 years, range 1.28 - 20.24 
years

11 Lee et al., 
202317

24 eyes 24 eyes Average age RA 39 years, 
range 29.15 - 48.85 years

8.84 years, range 5.72 - 11.96 
years

12 Soufi et al.,
201518

62 eyes 31
patients

Average age 37.4 years,
range 27.1 - 47.7 years

5 years

13 Martinez- 
Lapiscina et 
al., 201620

879
patients

- Average age 40.6 years, range 
32.5 - 48.7 years

6.5 years, range 32.5 - 48.7 
years

14 Balk et al., 
201621

135
patients

16
patients

Average 49.2 years Median 16.4 years, range 0.1 -
45.4 years

15 Al-Mujaini et 
al., 202119

27
patients

25
patients

Average age MS 30 years Not specified

Table 2. Results of each literature

No. Study Modality Follow-up 
Time Treatment Results

1 Fuoad et al., 
201911

OCT Machine 
(Optovue Rtvue 
100, California) 
and FFA

Not 
performed

HCQ (n=15) 
(57,7%)
Prednisolone

- OCT detects signs of degenerative foveal 
thinning, incomplete PVD, and epiretinal 
membrane. No correlation between changes 
detected by OCT, including retinal thinning and 
SLE activity.

2 Dios-santos 
et al., 20208

SD-OCT 
(Spectralis® 
Heidelberg, 
software version 
6.0 Heidelberg, 
Germany)

Not 
performed HCQ

- SLE patients show signs of early retinal nerve 
degeneration, evidenced by reduced photoreceptor 
layer and pRNFL.
- There is diffuse thinning of the photoreceptor 
(PR) layer across the macula—the most consistent 
and the only significantly different finding between 
SLE patients and controls—affected by disease 
activity, disease duration, the presence of NP-SLE, 
and the use of antihypertensive drugs and statins.

3 Dios-santos 
et al., 20209

SD-OCT 
(Spectralis 
Heidelberg, 
software version 
6.0 Heidelberg, 
Germany)

Median 12
(IQR: 12-17)
months

HCQ

-	 SLE patients show early signs of nerve 
degeneration on OCT, as evidenced by a 
progressive decrease in pRNF thickness.
-	 Treatment with anticoagulants or 
antihypertensive drugs is associated with lower 
pRNFL thickness, which causes adverse effects 
from cardiovascular risk factors.

4 Shi et al., 
202112

OCTA Optvue 
RTVue XR 
Avanti system

Not 
performed

Not 
mentioned

- The thickness of superficial and deep retinal 
blood vessels in SLE patients was significantly 
lower than in the healthy control group.
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Table 2. Results of each literature

No. Study Modality Follow-up 
Time Treatment Results

5 Liu et al., 
202113

OCTA RTVue 
Avanti XR 
system 
(Optovue, 
Fremont, CA, 
USA)

Not 
performed

Not 
mentioned

-	 There was thinning of the inner retina and 
overall retinal thickness, a decrease in SVD 
throughout the area, and a positive correlation 
between RT changes and SVD.
-	 Retinal thinning in the macular area was found 
to affect visual acuity, the measurement of which 
with OCTA may be useful in assisting with the 
diagnosis of SLE imaging and indicators of its 
inflammatory activity.

6
Mimier- 
Janczak et 
al., 202310

OCT B-scan 
with SS- OCTA 
(Topcon Corp, 
Tokyo, Japan)

Not 
performed HCQ (n=30)

-	 There was thinning of the inner retina and 
overall retinal thickness, a decrease in SVD 
throughout the area, and a positive correlation 
between RT changes and SVD.
-	 Macular retinal thinning impacted visual 
acuity, and OCTA may aid in diagnosing SLE and 
assessing inflammatory activity.

7 Comcali et 
al., 202314

OCTA RTVue-
XR
Avanti 
(Optovue, 
Fremont, CA)

Not 
performed

Not 
mentioned

-	 Significant decrease in blood vessel density in 
the inner disc area in SLE patients.
-	 Lower blood vessel density measurements in 
the inner disc area may be associated with early 
neurological vascular involvement in SLE.

8 Duru et al., 
201515

SD-OCT 
(Optovue, 
Fremont, CA, 
USA)

Not 
performed

Not 
mentioned

Significant decrease in choroidal thickness in RA 
patients compared to controls.

9 Tekitoglu et 
al., 201524

SD-OCT 
(Heidelberg 
Engineering, 
Germany)

Not 
performed

Anti-
rheumatic 
drugs

-	 The thickness of the choroid in RA patients was 
higher than in the control group.
-	 No differences were found in the average RNFL 
across all quadrants and in foveal thickness.

10 A Kurt et 
al., 201716

SD-OCT 
(Heidelberg 
Engineering, 
Germany)

Not 
performed

Not 
mentioned

RA patients show significant choroidal thinning 
compared to controls.

11 Lee et al., 
202317

OCTA RTVue 
Avanti
XR system 
(Optovue, 
Fremont, CA, 
USA)

Not 
performed

Not 
mentioned

OCTA shows that RA patients experience 
decreased retinal
capillary density (SLR and DRL), particularly 
in the macula area. Possible biomarker for early 
detection of abnormal eyes.

12 Soufi et al., 
201518

SD-OCT 
imaging (3D 
OCT-2000; 
Topcon Corp., 
Tokyo, Japan)

Not 
performed

Not 
mentioned

Significant thinning in pRNFL seen in MS patients. 
No correlation found with disease duration.

13
Martinez- 
Lapiscina et 
al., 201620

SD-OCT with 
Spectralis 
(Heidelberg 
Engineering, 
Germany)

0.5 - 5 years
(Median 2
years; IQR 
1.3
- 3.0 years)

Not 
mentioned

pRNFL thickness measured over a 5-year period 
used as a marker for neurological disability in MS 
patients.
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DISCUSSION

Retinal Changes in SLE

Studies using OCT show significant neurodegenerative 
changes in the retina of SLE patients, particularly thinning of 
retinal layers such as photoreceptors (PR), pRNFL, RNFL, 
and GCIPL. Studies by Dias-Santos et al.8 Liu et al.13, and 
Fouad et al.11 confirm significant thinning in several retinal 
sectors. Thinning of PR layer is more pronounced in patients 
with shorter disease duration, followed moderate and 
longer disease duration. However, other studies, including 
those by Janczak et al.10 and Conigliaro et al.22, did not 
find a significant correlation between retinal thickness and 
disease activity or duration in SLE. OCTA findings also 
show reduced vascular density in the retina and choroid 
of SLE patients.12 Comcali et al.14 identified microvascular 
changes in the optic disc in SLE patients using OCTA, 
showing a decrease in vascular density in the inner optic 
disc area. This may be one of the clinical microvascular 
findings reflecting ocular, systemic, or neurological damage 
and may be useful in assessing SLE disease. Vascular 
density may be as an early biomarker for disease activity 
and help to monitor microvascular changes associated with 
chronic inflammation.12,13 Choroidal thinning and choroidal 
involvement in SLE may be caused by long-term vasculitis, 
atrophy, and immune and complement deposition in the 
choroidal vascular endothelium.23

Retinal and Choroidal changes in RA

OCT studies report a reduction in choroidal thickness (CT), 
particularly in the subfoveal region, suggesting possible 

endothelial dysfunction due to inflammation. A study by 
Tetikoglu et al.24 reported higher CT values in RA patients, 
which may indicate systemic inflammation. OCTA also 
identified a significant reduction in retinal vascular density 
in RA patients, particularly in the superficial and deep 
vascular layers. This highlights the impact of chronic 
inflammation on ocular blood vessels.

Retinal changes in MS

Ophthalmic findings in MS patients exhibit thinning of 
the pRNFL and GCIPL, especially those with a history of 
optic neuritis (ON). Studies by Soufi et al.18, Pueyo et al.25 
and Al-Mujaini et al.19 show that RNFL thinning is more 
pronounced in MS patients with ON, supporting the use of 
OCT in assessing disease progression. The measurement 
of RNFL thickness has been demonstrated to be a direct 
indicator of axonal damage.26 Furthermore, OCT parameters 
such as pRNFL and GCIPL thickness can serve as markers 
of neurological disability and disease severity, particularly 
in the early stages of MS.

The impact of therapy on retinal changes

The impact of treatment, particularly with steroids and 
hydroxychloroquine (HCQ), on retinal thickness in patients 
with autoimmune conditions is also evident. Fouad et al.11 
observed that OCT changes in SLE patients correlated 
with long-term steroid use, indicating that OCT can detect 
early signs of HCQ toxicity. Studies by Iglesias et al.27 and 
Kellner et al.28 support these findings, suggesting that OCT 
may be sensitive to retinal changes caused by long-term 
medication use.29

Table 2. Results of each literature

No. Study Modality Follow-up 
Time Treatment Results

14 Balk et al., 
201621

SD-OCT 
(Spectralis, 
Heidelberg 
Engineering,
Germany)

2 years Not 
mentioned

There was significant thinning of the pRNFL and 
mGCIPL during the 2-year observation period with 
shorter disease duration.

15
Al-Mujaini 
et al., 
202119

SD-OCT system 
(Heidelberg 
Engineering 
Inc.)

4 years Not 
mentioned

MS patients with ON showed significant RNFL 
thinning after 4 years, while those without ON did 
not. RNFL thinning was significantly greater in 
MS patients compared to controls, regardless of 
ON status.
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CONCLUSION

Studies using OCT and OCTA have shown that changes 
in the retinal and choroidal layers play an important role 
in detecting ocular manifestations in autoimmune diseases 
such as SLE, RA, and MS. In SLE, OCT identifies thinning 
of the retinal layers, particularly the pRNFL, RNFL, and 
GCIPL, which is more pronounced in patients with shorter 
disease duration. Although not all studies have found 
a significant association with disease activity, OCTA 
reveals a reduction in vascular density in the retina and 
choroid, which may serve as a biomarker of microvascular 
inflammation.

In RA, OCT detects a reduction in choroidal thickness, 
while OCTA shows a decrease in retinal vascular density. 
Although there is no clear correlation between choroidal 
thickness and disease activity, these changes indicate the 
impact of systemic inflammation. In MS, thinning of the 
pRNFL and GCIPL, particularly in patients with a history 
of optic neuritis (ON), reflects axonal changes associated 
with disease progression, with retinal thickness decreasing 
over time.

Treatment with hydroxychloroquine (HCQ) and steroids 
also affects retinal thickness, with OCT being sensitive 
in detecting retinal changes due to HCQ in SLE patients. 
Overall, OCT and OCTA are effective in detecting structural 
changes in the retina and choroid, as well as monitoring 
disease progression and response to therapy in autoimmune 
patients.
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