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Abstract
Background/objectives To prospectively evaluate changes in peripapillary retinal nerve fibre layer (pRNFL), in all macular
layers and in choroidal thickness (CT) in a cohort of systemic lupus erythematosus (SLE) patients without ophthalmologic
manifestations. To associate those changes with ophthalmic characteristics, disease activity state, medication and systemic
comorbidities.
Subjects/methods Prospective cohort study of 68 previously diagnosed SLE patients. In two study visits (V1 and V2) at
least 12 months apart, patients underwent a complete ophthalmologic examination including spectral domain-optical
coherence tomography (SD-OCT) and an autoimmune disease specialist assessment. Automatic retinal segmentation was
performed. pRNFL was determined globally and in the six peripapillary sectors and each macular layer thickness was
determined in the nine early treatment diabetic retinopathy study (ETDRS) subfields. CT was manually measured at 13
locations in the posterior pole. Only one eye per patient was randomly selected for inclusion. Generalised linear mixed
effects models were employed.
Results Sixty-five patients completed the study. The median follow-up time was twelve months. At V2, pRNFL was
significantly thinner globally (p= 0.006) and in the temporal inferior sector (p= 0.017). Patients under chronic medication
with anticoagulants or antihypertensives had significantly thinner pRNFL in some locations. No significant changes were
observed in macular layers or choroidal thickness between study visits.
Conclusions SLE patients presented early SD-OCT signs of neurodegeneration, evidenced by a progressive reduction in
pRNFL thickness. Regardless of study visit, baseline chronic medication with anticoagulants or antihypertensives was
associated with lower pRNFL thickness, accounting for a deleterious effect of cardiovascular risk factors.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease that can affect any organ system. Nervous
system involvement is common, with a prevalence ranging
from 12 to 95% among SLE patients [1]. It is responsible
for a wide variety of nonspecific and heterogeneous
neuropsychiatric manifestations brought together by the
American College of Rheumatology under the designation of
neuropsychiatric lupus (NP-SLE). Nineteen neuropsychiatric
syndromes have been defined, divided into twelve central
nervous system (CNS) and seven peripheral nervous system
syndromes [2]. These syndromes range from hazardous and
disabling conditions such as stroke, aseptic meningitis and
seizures to more subtle manifestations like headache, mood
disorders and cognitive dysfunction [2]. Overall, NP-SLE is
associated with a significant decrease in patient-reported
quality of life and with a significant increase in mortality
[3, 4]. However, the frequency of some sort of neurologic
involvement is unexpectedly high, even in patients without
overt neuropsychiatric manifestations. Compared to age-
matched controls, non-NP-SLE patients have higher rates of
structural CNS abnormalities detected by magnetic resonance
imaging (MRI) and present abnormal patterns of CNS acti-
vation in response to cognitive tasks in studies
with functional MRI or positron emission tomography scan
[5–8]. These patients also perform worse in a variety of
cognitive tests and a significant increase in the risk of
dementia among SLE patients in population-based large scale
studies has been identified [9, 10]. Taken together, these facts
support the idea of a chronic relentless neurodegenerative
process beginning early in the course of the disease.

The retina is a neuronal tissue with the same embryologic
origin as the brain, allowing for the study of CNS altera-
tions. Spectral domain-optical coherence tomography (SD-
OCT) is a non-invasive, reliable and widely available
examination that provides high resolution cross-sectional
images of the retina, choroid and optic nerve. It also enables
the measurement of the thickness of each retinal layer and
the choroid with high reproducibility and repeatability [11].
Peripapillary retinal nerve fibre layer (pRNFL) thinning
detected by SD-OCT, particularly at the temporal sectors, is
already a well-established biomarker of neurodegeneration
in several disorders, such as Alzheimer’s disease [12],
Parkinson’s disease [13] or multiple sclerosis [14]. A few
studies evaluated pRNFL in SLE patients and reported a
reduction in this structure compared to healthy controls [15–
17]. A positive correlation between pRNFL thickness in the
temporal superior and temporal inferior sectors and the
cognitive tests scores has also been reported [16]. A
reduction in macular photoreceptors layer has also been
reported as an early sign of neurodegeneration in SLE
patients, as well as in other disorders like diabetes mellitus

and metabolic syndrome [15, 18, 19]. According to the most
accepted definition of neurodegeneration, the term is
applicable to any pathological condition in which there is
primary loss of structure and/or function of neurons, having
a chronic relentless course and an essentially unknown
cause [20]. As stated, several studies with functional and
structural MRI, as well as several studies involving cogni-
tive tests, report a higher rate of abnormal results compared
to age-matched controls. Very few studies, however, have
demonstrated its chronic and progressive course. Long-
itudinal cognition studies have given inconsistent results,
but several methodological issues limit the utility of these
findings [21–23]. On the other hand, a prospective study
using diffusion tensor imaging MRI revealed progressive
microstructural changes in the white and grey matter of SLE
patients without NP-SLE over the course of 18 months.
These changes occurred without associated progressive
cognitive decline or evolving macrostructural changes on
MRI [23]. However, to the best of our knowledge, this
progressive course has never been addressed in longitudinal
studies with SD-OCT in SLE patients.

The objectives of this study were to prospectively evaluate
retinal and choroidal changes in a cohort of SLE patients
without overt ophthalmic involvement over two follow-up
visits, at least 1 year apart, and to relate those changes with
existing reports on neurodegenerative changes in SLE
patients. We also aimed to study the association between
retinal and choroidal structural changes and demographic,
ocular and systemic factors, namely age, gender, spherical
equivalent, best corrected visual acuity (BCVA), axial length,
intraocular pressure (IOP), mean arterial pressure (MAP),
body mass index (BMI), systemic medication, disease dura-
tion, systemic disease activity index, hydroxychloroquine
intake and cumulative dosage, NP-SLE, lupus nephritis, anti-
phospholipid syndrome and Sjogren syndrome.

Methods

Patients

This was a prospective cohort study performed at the Oph-
thalmology Department and at the Autoimmune Disease
Units of Central Lisbon Hospital University Centre, between
August 2017 and August 2019. Consecutive SLE patients
sent to the Ophthalmology Department were screened for
inclusion/exclusion criteria. All patients fulfilled the 1997
revised American College of Rheumatology criteria for the
diagnosis of SLE [24]. Patients aged between 18 and 80 years
old, without signs or antecedents of lupus retinopathy, chor-
oidopathy or optic neuropathy were enroled in the study.

The exclusion criteria were a spherical equivalent
>5 dioptres, axial length >25 mm or keratic astigmatism
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>3 dioptres, diabetes mellitus, pregnancy, signs or previous
history of optic neuropathy, retinopathy or choroidopathy
(namely lupus-related, age-related macular degeneration,
vascular occlusion, macular dystrophy, hydroxychloroquine
(HCQ) retinopathy, glaucoma, ocular hypertension or neu-
rodegenerative diseases like Alzheimer’s or Parkinson’s
disease), ocular tumour, previous episodes of intraocular
inflammation, history of intraocular or refractive surgery
and substantial media opacities that compromised fundus
imaging.

Due to the exploratory nature of the present study, no
previous references about changes of the outcome variables
under study after 1 year of follow-up were found.
Accordingly, a medium effect size of 0.5 was considered
and a sample size of at least 37 patients was obtained, for a
level of significance α= 0.05, a power of 0.8, and a per-
centage of 10% of patients lost to follow-up [25].

This study was approved by our Institutional Ethics
Committee. Written informed consent was obtained from all
participants and the principles of the Declaration of Helsinki
were followed.

Study procedures

Each patient attended two study visits: the inclusion visit
(V1) and the follow-up visit (V2). At each time a complete
ophthalmic examination, including the clinical history,
BCVA testing, slit-lamp biomicroscopy, dilated fundus
examination, Goldmann applanation tonometry and SD-
OCT (Spectralis® Heidelberg, software version 6.0 Hei-
delberg, Germany) was performed. The blood pressure was
measured before performing SD-OCT. All patients cur-
rently or previously medicated with hydroxychloroquine
(HCQ) or chloroquine also performed fundus auto-
fluorescence imaging and 10-2 macular automated threshold
visual field testing (using Octopus 900®, Haag Streit AG,
Koeniz, Switzerland), to exclude retinal toxicity, in accor-
dance with the American Academy of Ophthalmology
guidelines [26]. At visit V1, optical biometry (using Lenstar
LS 900®, Haag Streit AG, Koeniz, Switzerland) was also
performed in order to access axial length. One eye per
patient was randomly selected for the study.

All patients were also examined by an autoimmune dis-
ease specialist within 1 month of the date of each study visit.
These appointments included a complete physical examina-
tion and laboratory tests required to access systemic/organ
involvement and disease activity (SLEDAI score) [27].

Spectral-domain optical coherence tomography
imaging and layer segmentation

Tomographic scans were obtained with Spectralis® SD-
OCT in all patients, after pupillary dilation. All exams were

performed at the same time in both visits, between 2 and 4
p.m. by an ophthalmologist (JTF) and were assessed by
another ophthalmologist (ADS), both masked to the
patients’ diagnosis. The study only included good quality
scans, chosen on the basis of a signal strength better than 20
(40=maximum), with well-focused images and continuous
scan patterns without artefacts or blank areas.

A 12° circular scan centred on the optic nerve head
(corresponding to a retinal diameter of ~3.46 mm) was
obtained in all patients. pRNFL thickness measurements
were determined globally (G) and for the six peripapillary
sectors (TS—temporal superior, T—temporal, TI—tem-
poral inferior, NI—nasal inferior, N—nasal, and NS—nasal
superior) by the instrument’s built-in software
(ʻRNFL Single Exam Report OU with FoDi™’), which
automatically segments the internal limiting membrane
and the posterior border of the retinal nerve fibre layer
(Fig. 1a).

Macular scans were also taken using fast macular
thickness OCT protocol. Images were then analysed using
Spectralis automatic segmentation software in order to
calculate individual retinal layer thickness values, namely
overall retinal thickness (RT), RNFL, ganglion cell layer
(GCL), inner plexiform layer, inner nuclear layer, outer
plexiform layer, outer nuclear layer, photoreceptor layer
and retinal pigment epithelium. The thickness of each
layer was calculated in the nine sectors of the Early
Treatment Diabetic Retinopathy Study (ETDRS) plot
[28]. This plot, which is automatically projected onto the
retina by the Spectralis OCT software, consists of three
concentric rings with 1-, 3- and 6-mm diameter, centred
on the fovea. The two outer ETDRS rings are crossed by
two intersecting lines dividing them into quadrants, gen-
erating nine sectors: C, S3, T3, I3, N3, S6, T6, I6 and N6
(Fig. 1b).

Choroidal imaging was also performed using fast
macular thickness OCT protocol in the enhanced depth
imaging (EDI) mode, according to a previously described
method [29]. Choroidal thickness (CT) was measured
manually, subfovealy and at 500 μm intervals from the
fovea to 1500 μm temporal, 1500 μm nasal, 1500 μm
superior and 1500 μm inferior (13 locations) (Fig. 1c).

Image quality, centration and segmentation were verified
by two ophthalmologists masked to the patients’ diagnosis
and corrected if necessary.

Statistical analysis

Categorical data were expressed as frequencies (percen-
tages), and continuous variables as mean (standard
deviation [SD]) or median and interquartile range (25th
percentile–75th percentile), as appropriate. Generalised
linear mixed effects regression models were used to
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control for confounding and to identify the variables that
explained the variability of thickness of pRNFL, all
macular layers and choroid in lupus patients. The effect of
age, gender, spherical equivalent, BCVA, axial length,
IOP, MAP, BMI, systemic medication, disease duration,
systemic disease activity index, hydroxychloroquine
intake and cumulative dosage, NP-SLE, lupus nephritis,
anti-phospholipid syndrome and Sjogren syndrome was
considered in this analysis. In the univariable regression
analysis, all the variables that attained a p value ≤ 0.25
were considered for the multivariable models. The nor-
mality assumption of the residuals was verified using a
Kolmogorov-Smirnov goodness-of-fit test. To study pro-
gressive CT decrease from the centre to the periphery,
Friedman test was applied. A level of significance α=
0.05 was considered. To cope with the multiple testing
problem inherent to this data analysis, Bonferroni cor-
rection was used. Data were analysed using STATA 15.0
(StataCorp. 2015. Stata Statistical Software: Release 15.
StataCorp LP, College Station, TX).

Results

Eighty-seven SLE patients were initially called for inclusion
in the study. Of these, nineteen were excluded based on the
exclusion criteria. Therefore, a total of sixty-eight patients
were enroled in this study and examined at the inclusion
visit (V1). These patients were then called upon for a
follow-up visit (V2) after a median time of 12 (interquartile
range: 12–17) months. Of the sixty-eight patients initially
enroled in the study, only three were lost to follow-up.
Overall sixty-five patients completed the study, which cor-
responds to an attrition rate of 4.6%. None of the patients
developed posterior segment manifestations at the end of
the follow-up period, namely HCQ retinopathy, lupus
choroidopathy or retinopathy or optic neuropathy.

Demographic and clinical characteristics for both study
visits (V1 and V2), except for SD-OCT data, are expressed in
Table 1. The median duration of SLE diagnosis at V1 was
11.0 (interquartile range: 6.25–19.0) years, with a median
HCQ treatment time of 5.3 (interquartile range: 1.81–11.83)

Fig. 1 Spectral-domain optical coherence tomography imaging
and layer segmentation (Spectralis® Heidelberg). a Peripapillary
retinal nerve fibre layer thickness (μm) obtained by ʻRNFL Single
Exam Report OU with FoDi™’. b Representative macular thickness
map, using ETDRS protocol and macular segmentation using

Spectralis automatic segmentation software. c Choroidal thickness
measurements (µm) at 13 locations: subfoveally and at 500 μm inter-
vals from the fovea to 1500 μm temporal, 1500 μm nasal, 1500 μm
superior and 1500 μm inferior.
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years. Of note, these patients were clinically stable, with low
disease activity (median SLEDAI: 2) at the time of both visits.
While the cumulative dose of HCQ increased from V1 to V2,
as expected, the mean daily dose slightly reduced. The mean
daily dose of systemic corticosteroids also reduced at the end

of the follow-up. Remarkably, all other clinical variables
remained relatively stable.

Peripapillary retinal nerve fibre layer thickness

At visit 2, there was a reduction in pRNFL thickness in all
sectors, compared to visit 1 (Table 2). This reduction was
statistically significant globally (p= 0.006) and in the TI
sector (p= 0.017). There was also a weak evidence of a
reduction in the NI sector (p= 0.053).

The results of the univariable regression analysis are
presented in Supplementary Tables S1–S7. The results of
the multivariable regression analysis (Table 3), after
adjusting for the effects of gender, age, BCVA, IOP,
spherical equivalent, axial length, BMI, MAP, systemic
medication, disease duration, disease activity and systemic
comorbidities, revealed a statistically significant reduction
in pRNFL globally (p= 0.006) and in the TI (p= 0.018)
sector. In the NI sector, a weak evidence for decreased
thickness in comparison to V1 was observed (p= 0.052).
However, after applying Bonferroni adjustment for multiple
testing, statistical significance was only observed globally.
Age was negatively associated with pRNFL thickness
globally and in the TS, TI and NI sectors, with a mean
reduction of 0.34–0.56 µm in pRNFL thickness for each
additional year of life. After Bonferroni corrections, statis-
tical significance was maintained globally and in the TI
sector. Regardless of the study visit, axial length was also
negatively associated with pRNFL thickness globally and in
the TS, NI and NS sectors, with a mean reduction of
3.65–10.68 µm for each mm increase in axial length. After
Bonferroni corrections, statistical significance was observed
globally and in the NI and NS sectors. There was also a

Table 1 Patients’ demographic and clinical characteristics in both
study visits.

Variables VISIT 1 (V1)
SLE group
(n= 68)

VISIT 2 (V2)
SLE group
(n= 65)

Age, years 45.50 (12.67) 47.35 (12.40)

Female gender, n (%) 58 (85.3) 55 (84.6)

Body mass index, kg/m2 24.64 (3.91) 24.86 (3.90)

BCVA, LogMAR 0.010 (0.051) 0.011 (0.052)

IOP-Goldmann, mm Hg 13.60 (2.88) 13.18 (2.87)

Spherical equivalent, D −0.25 (−1.0–0.25) −0.125 (−0.94–0.25)

Axial length, mm 23.56 (1.00) 23.53 (1.01)

MAP, mm Hg 88.71 (11.06) 88.74 (12.96)

SLE duration, years 11.0 (6.25–19.0) 13.0 (7.5–20.0)

SLEDAI 2 (0–4) 2 (0–4)

HCQ

Daily dose, mg 329 (96) 272 (149)

Cumulative dose, g 778 (228.1–1606.0) 876 (292.0–1715.3)

Therapy duration, years 5.30 (1.81–11.83) 6.00 (2.75–12.65)

Daily dose/weight, mg/kg 5.02 (1.61) 4.00 (2.26)

Cumulative dose/weight, g/kg 10.76 (3.16–25.47) 12.17 (5.12–24.43)

NP-SLE, n (%) 19 (27.9) 18 (27.7)

Central NP-SLE, n (%) 16 (23.5) 16 (24.6)

Peripheral NP-SLE, n (%) 3 (4.4) 2 (3.1)

Lupus nephritis, n (%) 18 (26.5) 17 (26.2)

Anti-phospholipid syndrome,
n (%)

21 (30.9) 21 (32.3)

Sjogren’s syndrome, n (%) 5 (7.4) 4 (6.2)

Systemic steroids, n (%) 31 (45.6) 30 (46.2)

Mean daily dose PDN
equiv., mg

10.1 (60.5) 2.84 (4.11)

Other immunosuppressives 26 (38.2) 24 (36.9)

Biological agents 7 (10.3) 6 (9.2)

ACE inhibitor 10 (14.7) 14 (21.5)

Angiotensin II receptor antagonist 8 (11.8) 7 (10.8)

Beta blocker 8 (11.8) 7 (10.8)

Diuretics 4 (5.9) 2 (3.1)

Calcium channel blocker 6 (8.8) 7 (10.8)

Statins 10 (14.7) 14 (21.5)

Nitrates 0 0

Antiplatelet therapy 17 (25) 18 (27.7)

Anticoagulant 12 (17.6) 14 (21.5)

Thyroid hormones 7 (10.3) 7 (10.8)

Selective serotonin reuptake
inhibitor

10 (14.7) 13 (20.0)

Tricyclic antidepressant 3 (4.4) 5 (7.7)

Benzodiazepines 8 (11.8) 8 (12.3)

For continuous variables, results are expressed as mean (SD) or
median (P25–P75), as appropriate.

ACE angiotensin-converting-enzyme, BCVA best corrected visual
acuity, HCQ hydroxychloroquine, IOP intraocular pressure, logMAR
logarithm of the minimum angle of resolution, MAP mean arterial
pressure, NP-SLE neuropsychiatric systemic lupus erythematosus,
PDN prednisone, SLE systemic lupus erythematosus, SLEDAI
Systemic Lupus Erythematosus Disease Activity Index.

Table 2 Peripapillary retinal nerve fibre layer thickness (µm) globally
and in all six sectors at both visits.

Sectors Visit 1 (V1)
SLE group
(n= 68)

Visit 2 (V2)
SLE group
(n= 65)

p value Standard deviation
of V2–V1

Global 96.59
(10.68)

95.91
(10.01)

0.006 1.60

Temporal
superior

132.16
(15.81)

131.83
(15.65)

0.499 3.73

Temporal 68.00
(10.02)

67.62
(9.94)

0.244 3.31

Temporal
inferior

141.85
(19.89)

140.48
(19.79)

0.017 3.61

Nasal inferior 113.93
(25.56)

112.82
(25.13)

0.053 3.62

Nasal 72.93
(13.23)

72.14
(11.57)

0.197 2.18

Nasal
superior

104.35
(18.76)

104.28
(18.82)

0.408 3.12

Results are expressed as mean (SD). p values were obtained by
univariable mixed effects regression models.

SLE systemic lupus erythematosus.
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negative association between baseline chronic medication
with anticoagulant and pRNFL thickness, globally and in
the TI and NI sectors (mean pRNFL thickness was
6.90–18.21 µm lower in patients taking this medication,
independently of the study visit). After Bonferroni adjust-
ment, this association maintained statistical significance in
the TI and NI sectors. Finally, a significant association was
observed between pRNFL thickness and baseline chronic
medication with calcium channel blocker in the NS sector
(mean pRNFL thickness was 22.38 µm lower in patients
taking this class of drugs, independently of the study visit).
This significant association was maintained after Bonferroni
adjustment.

Retinal layers thickness

The results of multiple regression analysis for total RT and
for all macular layers revealed no significant differences at

visit 2 compared to visit 1, after considering the effects of
all the other variables. The graphs comparing overall RT
and the thickness of all layers in all ETDRS areas between
the two study visits are depicted in Fig. 2.

Choroidal thickness

There were no statistically significant differences in CT from
visit 1 to visit 2 (Supplementary Table S8). In both visits, SLE
patents maintained the same pattern of CT topographic dis-
tribution throughout the posterior pole. Along the vertical
meridian, the normal progressive decrease of CT from the
centre to the periphery was not observed (p > 0.05). Addi-
tionally, mean CT was higher in the inferior quadrants com-
pared to the superior quadrants. Regarding the horizontal
section, the choroid was thicker temporally and the normal
progressive decrease in CT from the centre to the periphery
was preserved in both visits (p < 0.001).

Table 3 Results of multivariable
regression models-dependent
variable: pRNFL thickness (µm).

Model Coefficient estimate 95% confidence interval p value

Dependent variable: pRNFL thickness G

Mean difference between V2 and V1 −0.55 −0.94 to −0.16 0.006

Age (years) −0.36 −0.54 to −0.17 <0.001

Axial length (mm) −3.65 −5.96 to −1.34 0.002

Anticoagulant −6.90 −12.19 to −1.62 0.010

Dependent variable: pRNFL thickness TS

Mean difference between V2 and V1 −0.31 −1.22 to 0.59 0.498

Age (years) −0.34 −0.64 to −0.04 0.029

Axial length (mm) −4.10 −7.94 to −0.26 0.036

Dependent variable: pRNFL thickness T

Mean difference between V2 and V1 −0.49 −1.29 to 0.32 0.237

Sjogren syndrome −10.11 −18.65 to −1.57 0.020

Dependent variable: pRNFL thickness TI

Mean difference between V2 and V1 −1.06 −1.94 to −0.18 0.018

Age (years) −0.54 −0.87 to −0.22 0.001

Anticoagulant −14.81 −24.95 to −4.67 0.004

Dependent variable: pRNFL thickness NI

Mean difference between V2 and V1 −0.87 −1.75 to 0.01 0.052

Age (years) −0.56 −1.00 to −0.12 0.013

Axial length (mm) −10.68 −16.28 to −5.07 <0.001

Anticoagulant −18.21 −31.04 to −5.37 0.005

Dependent variable: pRNFL thickness N

Mean difference between V2 and V1 −0.35 −0.88 to 0.18 0.197

Dependent variable: pRNFL thickness NS

Mean difference between V2 and V1 −0.32 −1.08 to 0.44 0.405

Axial length (mm) −6.21 −10.26 to −2.16 0.003

Calcium channel blocker −22.38 −35.63 to −9.13 0.001

Except for the mean difference between V2 and V1, only the variables that attained a p value < 0.05 were
kept in the final multivariable models. p values were obtained by mixed effects regression models.

G global, N nasal, NI nasal inferior, NS nasal superior, pRNFL peripapillary retinal nerve fibre layer, T
temporal, TI temporal inferior, TS temporal superior.
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Discussion

This prospective study, which enroled sixty-five SLE
patients over more than a year, was the first longitudinal
study evaluating retinal and choroidal changes in SLE
patients with SD-OCT. A significant reduction in pRNFL
globally and in the TI sector was documented. Regardless
of the study visit, baseline chronic medication with antic-
oagulants and anti-hypertensive drugs was associated with
lower pRNFL thickness in several sectors.

This was the first study to document a progressive
decline in pRNFL thickness throughout the follow-up per-
iod. pRNFL decreased globally and in the TI sector, after
adjusting for the effects of age and all other variables that
attained a p value < 0.25 in a univariate model. After
applying Bonferroni adjustment for multiple testing, statis-
tical significance was maintained globally. In the remaining
peripapillary sectors, pRNFL also reduced, however with-
out statistical significance. As expected, age and axial
length presented a negative association with pRNFL in
several sectors. The multivariable analysis also revealed a
significant negative association between pRNFL thickness

and baseline chronic medication with anticoagulants in the
TI and NI sectors. Baseline chronic medication with cal-
cium channel blocker also presented a negative association
with pRNFL thickness in the NS sector. These results,
obtained regardless of the study visit, suggest a deleterious
effect of cardiovascular risk factors in neuronal degenera-
tion. In fact, these results are in accordance with previous
studies linking metabolic syndrome not only to cardiovas-
cular disease but also to ocular and neurological involve-
ment [30, 31].

Cross-sectional and case control studies on RT in SLE
have yielded conflicting results [15–17, 32]. A recent study
prospectively evaluated total RT and GCL thickness in SLE
patients taking HCQ for five years and found a statistically
significant reduction in both, without qualitative changes in
the external retinal layers. However, given the fact that a
multivariable analysis was not performed, the effect of other
contributing factors like aging was not accounted for [33].
In our study we did not find consistent differences in any
retinal layers or in total RT after adjusting for the effects of
age, disease activity, systemic involvement and all other
variables; however, our follow-up period was shorter.

Fig. 2 Graphs comparing macular layers thickness at visits V1 and
V2. a RT—retinal thickness; b RNFL—retinal nerve fibre layer;
c GCL—ganglion cell layer; d IPL—inner plexiform layer; e INL—

inner nuclear layer; f OPL—outer plexiform layer; g ONL—outer
nuclear layer; h PR—photoreceptors layer; i RPE—retinal pigment
epithelium.
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CT analysis revealed no significant changes over the
follow-up period. These patients presented, though, an
abnormal CT distribution on the posterior pole that was
maintained throughout the follow-up period. The normal
progressive decrease in CT from the centre to the periphery
was not observed in the vertical meridian and the mean CT
was higher in the inferior quadrants compared to the
superior quadrants, as opposed to what happens in healthy
individuals. On the other hand, along the horizontal foveal
section, the relationships were preserved as the choroid was
thicker temporally than nasally, with a normal progressive
decrease in thickness from the centre to the periphery
[34, 35]. These findings may reflect subclinical signs of
choroidopathy and are in accordance with those of previous
studies using indocyanine green angiography [36].

The concept of SLE as a neurodegenerative disorder is
still a debatable issue. Besides the above-mentioned struc-
tural and functional changes in the CNS of SLE patients,
other arguments support the existence of premature neural
tissue damage, even in asymptomatic patients. Previous
studies revealed an increase in cerebrospinal fluid levels of
molecules indicating neuronal and astrocytic damage,
namely neurofilament (a neuronal degradation product),
Tau (an axonal degeneration product) and astroglial fibril-
lary acidic protein, compared to healthy controls [37, 38].
Additionally, histological studies demonstrate increased
neuronal apoptosis in mice models of SLE [39, 40]. The
reduction in pRNFL observed in our study might thus be a
subtle indirect sign of progressive axonal degeneration.

This study has some limitations. The first limitation is the
follow-up time. Twelve months may be a short period in
what concerns neurodegenerative changes. Although a
significant reduction in pRNFL has been observed in this
period, a longer follow-up might have enabled the obser-
vation of macular layers changes. Despite this fact, this has
been the first prospective study evaluating this outcome
with SD-OCT and has a similar follow-up time as a pre-
vious prospective MRI study that unveiled progressive CNS
microstructural changes in SLE patients [23]. Second,
automatic retinal segmentation was employed to measure
retinal layers thickness. Although this methodology is sus-
ceptible to segmentation errors, it has already proven high
repeatability and reproducibility [11, 41]. Moreover,
detailed post-segmentation inspection and refinement by a
trained ophthalmologist was performed whenever segmen-
tation was considered inaccurate. Another limitation con-
cerns CT measurements, which were obtained manually.
However, this technique has demonstrated high intraob-
server and interobserver reproducibility [42]. Finally, our
assessment of disease duration was based on the time of the
diagnosis. This may, in some cases, have underestimated
the real duration of the disease.

In summary, SLE patients present a progressive thinning
of pRNFL over the follow-up of 1 year. These micro-
structural changes might relate to chronic low-grade
inflammation, leading to neuronal apoptosis, which are the
hallmarks of neurodegeneration. While these interesting
results may shed some light into the pathophysiology of
progressive nervous tissue changes associated to SLE, one
must keep in mind that the magnitude of pRNFL thickness
reduction is rather small. Additionally, the effect of con-
founding factors, like natural ageing and axial length,
makes it unsuitable for diagnostic purposes. It might, at
most, become a useful tool to monitor the rate of neural
tissue loss in SLE patients. Therefore, future studies with
longer follow-up periods are needed to confirm the pro-
gressive nature of retinal structural changes and to relate
them with structural and functional changes in CNS ima-
ging. Additionally, they should include larger cohorts,
preferably sampled by risk factors and comorbidities. These
would enable more solid conclusions particularly on a
potential deleterious effect of cardiovascular risk factors, as
suggested by the results of this study.

Summary

What was known before

● Asymptomatic patients with SLE present higher rates of
structural and functional CNS changes compared to age-
matched controls.

● These findings support the idea of a progressive
neurodegenerative process associated to this autoim-
mune disease.

● Optical coherence tomography has already proven its
role in detecting subtle retinal neurodegenerative
changes in some neurodegenerative disorders.

What this study adds

● This study, which included the first prospective analysis
of retinal and CT changes in SLE patients over the
course of 1 year, revealed a significant reduction in
the pRNFL.

● Chronic medication with anticoagulants and calcium
channel blockers were significantly associated with
greater pRNFL thinning in some sectors, suggesting a
deleterious effect of cardiovascular risk factors.
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