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ABSTRACT

Objectives Patients with SLE have higher cardiovascular
(CV) risk compared with healthy controls (HC) and

are characterised by accelerated atherosclerosis;

intima media thickness (IMT), marker of subclinical
atherosclerosis, is higher in patients with SLE than in
HCs. Retinal microvascular impairment detected through
optical coherence tomography angiography (OCTA) was
investigated as a marker of systemic vascular involvement
in SLE.

The aim of the study was to evaluate the relationship
between retinal vascular impairment and IMT in SLE.
Methods Cross-sectional study recruiting patients with
SLE and HCs. Data of the study population were collected.
CV risk was evaluated through the American College

of Cardiology/American Heart Association (ACC/AHA)
guidelines, Framingham and QRESEARCH risk estimator
V.3 (QRISK3) scores. Both groups underwent OCTA and
carotid ultrasound with IMT assessment.

Statistical analysis was accomplished using Pearson/
Spearman, t-test/Mann-Whitney or x2 test. Variables
statistically significant at univariate regression analysis
were tested in an age-corrected and sex-corrected
multivariate regression model.

Results 43 patients with SLE and 34 HCs were recruited.
Patients with SLE showed higher triglycerides (p=0.019),
Triglycerides-Glucose (TyG) Index (p=0.035), ACC/AHA
guidelines (p=0.001), Framingham Risk Scores (p=0.008)
and a reduced superficial (p<0.001) and deep (p=0.005)
whole retinal vessel density (VD) compared with HCs.

In SLE univariate analysis, deep whole VD showed a
negative correlation with IMT (p=0.027), age (p=0.001),
systolic blood pressure (p=0.011), QRISK3 Score
(p<0.001), Systemic Lupus International Collaborating
Clinics Damage Index (p=0.006) and apolipoprotein B
(p=0.021), while a positive correlation was found with
female sex (p=0.029). Age-adjusted and sex-adjusted
multivariate analysis confirmed QRISK3 Score (p=0.049)
and IMT (p=0.039) to be independent risk factors for
reduced retinal VD.

Conclusions Patients with SLE showed lower retinal VD
and higher CV risk indicators compared with HCs. Among
patients with SLE, QRISK3 Score and IMT were found to be
independent risk factors for retinal vascular impairment,
suggesting a role of OCTA in evaluating preclinical CV
involvement in SLE. Moreover, TyG Index could represent
a biomarker of CV risk in patients with SLE compared with
HCs.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with SLE are characterised by a process of
accelerated atherosclerosis, resulting from an inter-
play between traditional and disease-related cardio-
vascular (CV) risk factors.

= Retinal subclinical alterations detected through opti-
cal coherence tomography angiography (OCTA) have
been correlated with systemic involvement in SLE.

= Recently, a correlation between intima media thick-
ness (IMT) and OCTA in systemic diseases, such as
hypertension and diabetes, has been detected.

WHAT THIS STUDY ADDS

= This is the first study evidencing a relationship be-
tween IMT, CV risk assessed through QRESEARCH
Risk Estimator Score and retinal vascular impair-
ment in SLE.

= Moreover, it underlines the role of triglycerides and
Triglycerides-Glucose Index in evaluating CV risk in
patients with SLE compared with healthy controls.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study suggests that OCTA could represent a val-
id non-invasive instrument to evaluate CV involve-
ment in SLE at its preclinical stage.

INTRODUCTION

SLE is a complex, immune-mediated disease
involving multiple organs and systems. Indi-
viduals with SLE have a 10-fold increased risk
of developing cardiovascular (CV) events,
with a 50-fold risk in women at reproductive
age, compared with the general population,
that can’t be fully explained by the presence
of traditional CV risk factors.! In fact, tradi-
tional Framingham Risk Score has proved
to fail in predicting CV risk in patients with
SLE, particularly in young women.” This
increase in CV risk is the result of an inter-
play between traditional and disease-related
risk factors, such as disease activity, disease
duration, kidney involvement, antiphospho-
lipid antibody positivity and corticosteroid
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therapy." A novel algorithm has recently been validated,
the QRESEARCH Risk Estimator V.3 (QRISK3) Score,
showing better accuracy in predicting CV risk in SLE
compared with the Framingham Risk Score and the
American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) guidelines, particularly in younger
patients, patients with chronic kidney disease and in those
on regular steroid therapy.” Current studies demonstrate
that patients with SLE are characterised by a process of
accelerated atherosclerosis and have a twofold prevalence
of atherosclerotic plaques compared with the general
population.' Different immune and inflammatory mech-
anisms involved in SLE pathogenesis have been identified
as responsible for an imbalance between vascular injury
and vascular repair, leading to endothelial dysfunction.*
Individuals with increased intima media thickness (IMT)
carry a higher risk of developing carotid atherosclerosis.
Accordingly, IMT acts as a marker of subclinical ather-
osclerosis. In recent studies, patients with SLE showed
higher IMT and higher IMT progression in a 5-year
follow-up compared with healthy controls (HCs).”®

On the other side, SLE retinopathy can result from
a vasculitic immune-complex mediated process, it is a
marker of poor prognosis, and has been associated with
disease activity and organ involvement.”

Optical coherence tomography angiography (OCTA) is
a non-invasive technique for imaging the microvascula-
ture of the retina and choroid. It has been investigated in
the past for its ability to detect preclinical vascular damage
in systemic diseases such as diabetes, arterial hyperten-
sion and chronic kidney disease.® A relationship between
retinal microvascular alterations and CV risk profile was
also underlined in patients with coronary artery disease,
but further studies is this field are needed.’

Recently, subclinical retinal microvascular impairment
evaluated through OCTA has been detected in patients
with SLE compared with HCs."” Moreover, a correlation
between retinal microvascular alterations, kidney func-
tion parameters and vascular lesions detected at kidney
biopsy was assessed in a lupus nephritis cohort.®

A relationship between IMT and reduced OCTA retinal
vascular density has been identified in systemic diseases,
such as hypertension and diabetes."' '* Therefore, we
hypothesised that retinal microvascularisation could
reflect systemic vascular damage in SLE.

Aim of the study was to evaluate the relationship
between retinal vascular impairment and carotid IMT in
patients with SLE.

MATERIALS AND METHODS

Study population

This study was a monocentric, cross-sectional study,
recruiting consecutive patients with SLE referring to
the Rheumatology Clinic of the University of Rome
Tor Vergata, Rome, Italy, between 1 January 2021 and
31 December 2022. SLE was classified according to the
2019 European League Against Rheumatism/American

College of Rheumatology (EULAR/ACR) classification
criteria.’® Inclusion criteria were: (1) Age range 18-80
years; (2) Best-corrected visual acuity (BCVA) >0.5 Loga-
rithm of the Minimum Angle of Resolution (LogMAR).

Exclusion criteria were: (1) Coexistence of other
rheumatic diseases, such as antiphospholipid syndrome,
Sjogren’s syndrome, systemic sclerosis, mixed connec-
tive tissue disease, rheumatoid arthritis; (2) Retinal
toxicity due to antimalarials according to 2016 Amer-
ican Academy of Ophthalmology criteria'*; (3) Primary
ophthalmic pathology, presence of lens opacities, drusen-
like deposits, focal atrophy, retinal pigment epithelium
detachment, history of ocular trauma or surgery; (4)
History of CV diseases, such as coronary artery disease,
cerebrovascular disease, peripheral arterial disease and
aortic disease; (5) History of diabetes; (6) History of
uncontrolled arterial hypertension.

A population of HCs was also recruited at the Ophthal-
mology Clinic of the University of Rome Tor Vergata,
Rome, Italy, comparable for age and sex to patients with
SLE.

Ophthalmological evaluation

A standard LogMAR chart was used to determine the
BCVA in each eye to test central visual acuity according to
the Early Treatment Diabetic Retinopathy Study (ETDRS)
protocol. All subjects underwent Goldmann applana-
tion tonometry to assess the intraocular pressure using
a Haag-Streit tonometer with a slit lamp. Ocular fundus
examination by biomicroscopic examination at slitlamp
and high-resolution colour retinography (Canon CF-1
digital retinal camera, Canon) was performed in order
to define presence or absence (1/0) and grade of lupus
retinopathy."’

Using spectral domain-optical coherence tomography
(SD-OCT; Spectralis, Heidelberg Engineering, Heidel-
berg, Germany), all participants underwent the ‘Poste-
rior Pole’ (PP) scanning protocol. The image alignment
eye-tracking software (TruTrack; Heidelberg Engineering
GmbH) was employed to acquire volumetric retinal scans,
consisting of 61 single axial scans (scanning area: 30° x
25°), focused on the fovea, with a fovea-to-disc inclina-
tion of 7°. The thickness measurements for total retinal
(retina), retinal nerve fibre layer (RNFL) and ganglion
cell layer (GCL) were obtained through Spectralis auto-
mated segmentation (software V.6.0).

The instrument divides the macular area into nine
specific regions, defined by a grid called ETDRS (name
related to a study conducted in the past on diabetic
macular oedema). The inner circle has 3mm of diam-
eter and contains the IS (inner superior), IT (inner
temporal), II (inner inferior) and the IN (inner nasal)
areas. The outer circle, reported in red, has 6mm of
diameter and is divided into the OS (outer superior), OT
(outer temporal), OI (outer inferior) and the ON (outer
nasal) areas. The central section is represented by the
foveal area (F)'°
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Co-morbidities

Pupil dilation was achieved using 0.5% tropicamide
and 10% phenylephrine eye drops (Visumidriatic Fenile-
frina, Visufarma) before performing all SD-OCT scans.
An internal fixation target was used during PP scans, and
participants were instructed to fixate on this central target
throughout the scanning process. Only high-quality scans
were considered for the analysis, characterised by a signal
quality score >25 on a scale from 0 (poor quality) to 40
(excellent quality).

We also evaluated the presence of retinal ischaemic peri-
vascular lesions (RIPLs), focal atrophy areas detected in
the inner nuclear layer at SD-OCT scans, which represent
anatomical markers of prior retinal ischaemic infarcts."”

Optical coherence tomography angiography
OCTA technology useslaser lightreflectance of the surface
of moving red blood cells to accurately depict vessels
through different segmented areas of the eye. Same tissue
area is repeatedly imaged, differences analysed between
scans, allowing to detect zones containing high flow and
zones with slower or no flow."® OCTA was performed by
the Avanti AngioVue Imaging System (Optovue, soft-
ware V.2018.1.0.22, Fremont, California, USA), using
the Angio Retina mode 6x6mm volumetric scan in the
macular area with an A-scan rate of 70kHz, a light source
centred on 840 nm and a bandwidth of 45-50 nm as previ-
ously shown.'” Retinal layer segmentation was checked
for artefacts by the same experienced operator. Images
with quality >8 have been considered for the study.'’
Vessel density (VD) was evaluated and expressed as %
both in superficial and deep retinal plexi, each of these
analysing the whole image, the parafoveal and the foveal
regions. The fovea avascular zone area (mm?) and perim-
eter (mm) of the two groups were also assessed.

Rheumatological evaluation

All patients with SLE underwent a rheumatological eval-
uation. Disease activity and cumulative organ damage
were evaluated using the Systemic Lupus Erythematosus
Disease Activity Index 2000 (SLEDAI-2K) 9 and Systemic
Lupus International Collaborating Clinics Damage Index
(SLICC-DI), respectively.”

Disease duration, history of antirheumatic treatment,
including hydroxychloroquine (HCQ), prednisone
(PDN, cumulative doses), evaluating both current use
and cumulative doses, immunosuppressive drugs (azathi-
oprine, methotrexate, cyclosporine, mycophenolate,
cyclophosphamide) and biologic treatment (rituximab
and belimumab), were assessed.

The following laboratory parameters were tested: pres-
ence of disease characterising autoantibodies ever, such
as anti-double strand DNA (anti-dsDNA) antibodies (IU/
mL, over twice the upper limit of normal) by commer-
cial Enzyme-Linked Immunosorbent Assays (ELISA),
anticardiolipin antibodies, IgG >40IgG phospholipid
(GPL) units, IgM >40IgM phospholipid (MPL) units,
by commercial ELISA (Inova Diagnostics, San Diego,
California, USA), anti-B2-glycoprotein I antibodies, 1gG

>40 GPL units; IgM >40 MPL units, by commercial ELISA
(QUANTA LiteTM; Inova Diagnostics) and ANA>1:160
by direct immunofluorescence (QUANTA LiteTM; Inova
Diagnostics), presence of lupus anticoagulant by dilute
Russel’sviper venom time and confirmatory mixing studies
if prolonged and plasmatic complement components C3
and C4 (normal values: 83-193 mg/dL and 15-57 mg/
dL, respectively), measured by immunoturbidimetry.

CV risk assessment

We collected patients’ and controls’ clinical, biochemical
and anthropometric data, including sex, age, smoking
habit (current or former), body mass index (BMI), and
systolic and diastolic blood pressure (BP). BP was meas-
ured in the dominant arm in the sitting position with a
standard sphygmomanometer cuff. Laboratory markers
of CV risk were evaluated, including total cholesterol,
high-density lipoprotein (HDL) and triglycerides (TG)
detected by enzymatic colorimetric assay.

Apolipoprotein B-100 (APO-B) and Triglycerides-
Glucose (TyG) Index were calculated using the appro-
priate algorithms.21 22 Ten-year CV risk of the study
population was also estimated using the Framingham
Risk Score? and the ACC/AHA pooled cohort equation24
for patients SLE and HCs. Patients included in the ACC/
AHA assessment required an age range between 40 years
and 79 years. Moreover, the QRISK3 Score was calculated
for patients with SLE.?

Carotid artery examination

All the participants performed a carotid ultrasound to
calculate carotid IMT, as previously described.”” ** The
anterior, lateral and posterolateral projections were used
to image longitudinally right and left common carotid
arteries. At each projection, three determinations of IMT
were made at 2cm proximal to the bulb, at the site of the
greatest thickness. The values at each site were averaged,
and the greatest value of the averaged IMT was used for
each individual. Two different blinded experts (SR and
SL) read all images and measurements with replicate
readings performed on 5% of the cohort participants
with results indicating an intraclass correlation value of
0.93. IMT was not assessed in patients showing carotid
plaques, defined as a localised thickening of >l mm and
at least a 100% increase in thickness compared with adja-
cent arterial wall segments. To perform carotid emana-
tion we used the Esaote Mylab System (Ref 101620000)
using a VF 13eb linear array transducer.

Statistical analysis
Quantitative data are expressed as mean+=SD and cate-
gorical variables are expressed as number (percentage)
of participants. To test the normality of the data sets, the
D’Agostino and Pearson omnibus tests were used.
Categorical variables were compared using the %’ test.
Continuous variables were compared using the para-
metrical unpaired ¢-fest or the non-parametrical Mann-
Whitney U test, when appropriate. The significance of
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Table 1 Clinical, biochemical and anthropometric characteristics of the study population

SLE (n=43) HCs (n=34) P value

Age, years 51.6+14.5 51+10.3 0.731
Sex (female) 39 (90.7) 29 (85.2) 0.216
Disease duration, months 193.9+135.3 NA NP
C3, mg/dL 95.3+21 NA NP
C4, mg/dL 20.5+8.7 NA NP
Anti-dsDNA abs (positivity) 9’ NA NP
Antiphospholipid abs (positivity ever) 15 (34.8) NA NP
SLEDAI-2K 2.7+2.4 NA NP
SLICC-DI 1.4+1.4 NA NP
Nephritis (yes) 19 (44) NA NP
PDN (yes) 26 (60.4) NA NP
PDN cumulative dose, g 20.2+18.3 NA NP
HCQ (yes) 10 (23.2) NA NP
HCQ cumulative dose, g 1099.5+950.5 NA NP
Smoker (active or former) 12 (28) 10 (29.4) 0.522
BMI 24.9+4.6 24.3+3.7 0.438
Systolic BB, mm Hg 116.5£14.5 116+£15.9 0.664
Diastolic B, mm Hg 71.2+11.3 67.5+15.8 0.125
Fasting glucose, mg/dL 88+24.6 90.6+8.6 0.409
HbA1c, mmol/mol 36.7+6.3 34.5+7.3 0.105
Total cholesterol mg/dL 186.4+44.6 191.9+25.4 0.429
HDL cholesterol, mg/dL 58.3+21.4 60.6+11.1 0.693
LDL cholesterol, mg/dL 105.4+38.9 117.2+27.5 0.056
TG, mg/dL 105.3+46.2 84.5+46.4 0.019
APO-B 93+27 97.6+21.6 0.272
TyG index 8.3+0.5 8.1+0.5 0.035
Framingham Score 9.9+6.5 6.9+5.4 0.008
ACC/AHA ASCVD Score 5.3+5 2.8+1.5 0.001
QRISK3 Score 11.5+8.0 NA NP
IMT, mm 5.717+1.355 5.78+1.152 0.789
Superficial whole en face VD, % 50.1+£5.6 53.0+2.3 <0.001
Superficial fovea VD, % 21.3+9.5 22.6+7.3 0.691
Fovea thickness (um) 255.3+21.5 257.9+23.4 0.516
Superficial parafovea density, % 53.6+4.9 71.0£27.5 0.118
Parafovea thickness (um) 317.9+23.6 320.5+19.4 0.508
Deep whole en face VD, % 55.4+7.0 58.6+5.4 0.005
Deep fovea VD, % 39.2+8.2 41.1+7.8 0.184
Deep parafovea VD, % 59.0+5.0 60.7+4.6 0.046
FAZ (mm?) 0.26+0.10 0.25+0.10 0.607
FAZ perimeter (mm) 1.94+0.41 1.93+0.43 0.828

Data are shown as numbers (%) or means+SD. Values of p<0.05 were considered statistically significant and are highlighted in bold.
ACC/AHA, American College of Cardiology/American Heart Association; Anti-dsDNA, anti-double strand DNA; APO-B, apolipoprotein B;
ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; BP, blood pressure; FAZ, fovea avascular zone; HbA1c, glycated
haemoglobin; HCQ, hydroxychloroquine; HCs, Healthy Controls; HDL, high-density lipoprotein; IMT, intima media thickness; LDL, low-density
lipoprotein; NA, not applicable; NP, not performed; PDN, Prednisone; QRISK3, QRESEARCH risk estimator version 3; SLEDAI-2K, Systemic
Lupus Erythematosus Disease Activity Index 2000; SLICC-DI, Systemic Lupus International Collaborating Clinics Damage Index; TG,
Triglycerides; TyG, triglycerides-glucose; VD, vessel density.
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Figure 1 Optical coherence tomography angiography
(OCTA) colour-coded images of superficial retinal plexus in
a healthy subject (A) and a patient with SLE (B). Deep retinal
plexus in a healthy subject (C) and a patient with SLE (D).

any correlation was determined by the Pearson correla-
tion test or Spearman’s rank correlation coefficient,
when appropriate. Univariate regression analysis was
performed between the selected dependent variable and
the study covariates. Variables with statistical significance
were further tested in a multivariate regression model
corrected for age and sex. Values of p<0.05 were consid-
ered statistically significant.

Analyses were performed using IBM SPSS Statistics
V.27.0 for Windows.

RESULTS

Eighty-six (n=86) eyes of 43 patients with SLE (n=43) and
68 eyes (n=68) of 34 controls (n=34) were examined.
Table 1 shows clinical, biochemical and anthropometric
parameters of the two cohorts. Mean disease duration
in patients with SLE was 193.9+135.3 months, mean
SLEDAI-2K was 2.7+2.4, corresponding to low disease
activity, and mean SLICC-DI was 1.4+1.4. Nine patients
were positive for anti-dsDNA (21%) at the time of the
visit, while 15 patients had a history of antiphospholipid
antibodies positivity (38.4%).

Traditional CV risk factors such as smoking habit, BMI
and BP measurements were similar between patients and
controls. Patients with SLE displayed higher levels of TG
compared with those in HCs together with higher TyG
Index, while total cholesterol, HDL, low-density lipopro-
tein, APO-B, fasting glucose and glycated haemoglobin
(HbAlc) levels were comparable between the two groups.

Moreover, the 10-year CV risk estimated through the
Framingham Risk Score and the ACC/AHA pooled
cohort equation was higher in patients with SLE than
in HGs. ACC/AHA was assessed in 28 patients with SLE

Co-morbidities

(65.1%) and 22 HCs (64.7%) according to the required
age range. IMT assessed by carotid ultrasound was similar
between patients with SLE and HCs.

According to SLE treatment, 33 (76.7%) patients were
on HCQ, 22 (51%) were assuming a PDN daily dose
>5mg, 28 (65%) were under immunosuppressive treat-
ment and 6 (14%) were on biologic therapy.

Figure 1 displays OCTA colour-coded images of super-
ficial (A-B) and deep (C-D) retinal plexi of an HC and
a patient with SLE, respectively. According to OCTA data
analysis, patients with SLE showed a significant reduc-
tion in superficial whole en face VD, deep whole en face
VD and deep parafoveal VD compared with HCs. Other
OCTA parameters were similar between patients SLE and
HCs (table 1).

Ophthalmological evaluation revealed that 12 patients
with SLE (27.9%) had evidence of lupus retinopathy, 4
mild (9.3%), 6 moderate (13.9%) and 2 at severe stage
(4.6%) at fundus oculi examination and high definition
colour retinography.

OCT data of patients with SLE and HCs are displayed
in online supplemental table 1. Patients with SLE showed
a reduced thickness compared with HGCs in the following
retinal segments: total retina IT, ON, IN and OI;, GCL
IT, IS, IN and II, while no significant differences were
detected among RNFL data (online supplemental table
1).

According to OCT evaluation, retinal regions’ thickness
of the total retinal, RNFL and GCL layers was correlated
with both IMT and QRISK3 score in patients with SLE,
but no significant correlations were detected (data not
shown).

Moreover, the presence of RIPLs in OCT scans was not
identified in patients with SLE and HCs.

In the SLE population, the univariate regression
model with deep whole en face VD selected as the
dependent variable showed a significant negative
correlation between deep whole image VD and IMT
values, together with a significant negative correlation
between deep whole image VD and age and systolic
BP levels and APO-B, while a positive correlation was
found with female sex. Moreover, results underlined a
negative correlation between deep whole en face VD
and both QRISK3 Score and SLICC-DI. No significant
correlations were found between deep whole en face
VD and the following parameters: smoking habit, BMI,
diastolic BP, fasting glucose, HbAlc, total cholesterol,
HDL, triglyceride levels, TyG Index value, disease dura-
tion, SLEDAI-2K Score, presence of anti-dsDNA and
antiphospholipid antibodies, history of lupus nephritis,
PDN and HCQ treatment (both cumulative and daily
dose) (table 2).

Multivariate regression analysis, adjusted for age and
sex, confirmed that IMT and QRISK3 Score were inde-
pendently associated with a reduction of deep whole en
face VD in patients with SLE (table 2).
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Table 2 Univariate and multivariate analyses models for deep whole en face density

Univariate p coefficient

Multivariate p coefficient

(Cl1 95%) P value (Cl 95%)* P value
Age, years 0.167(-0.264 to —0.071) 0.001 NP
Sex (female) 5.466 (0.571 to 10.360) 0.029 NP
Disease duration, months 0.063 (-0.455 to 0.329) 0.746 NP
Anti-dsDNA abs (positivity) 1.490 (-5.454 to 2.473) 0.456 NP
Antiphospholipid abs (positivity ever) 3.606 (0.000 to 7.150) 0.061 NP
SLEDAI-2K 0.466 (-1.094 to 0.163) 0.144 NP
SLICC-DI 1.432 (-2.434 to0 -0.430) 0.006 0.632 (-1.694 to 0.431) 0.240
Nephritis (yes) 2.860 (-5.808 to 0.087) 0.057 NP
PDN (yes) 1.269 (-4.250 to 1.711) 0.399 NP
PDN (cumulative dose, g) 0.021 (-0.116 to 0.074) 0.658 NP
HCQ (yes) 0.700 (-3.571 to 4.971) 0.745 NP
HCQ (cumulative dose, g) 0.000 (-0.001 to 0.002) 0.740 NP
Smoker (active or former) 2.040 (-1.307 to 5.387) 0.229 NP
BMI 0.274 (-0.589 to 0.041) 0.087 NP
Systolic BP (mm Hg) 0.131(-0.231 to -0.031) 0.011 0.060 (-0.162 to 0.041)  0.237
Diastolic BP (mm Hg) 0.112 (-0.241 t0 0.017) 0.088 NP
Fasting glucose (mg/dL) 0.028 (-0.041 to 0.097) 0.420 NP
HbA1c (mmol/mol) 0.063 (-0.455 to 0.329) 0.746 NP
Total cholesterol (mg/dL) 0.032 (-0.006 to 0.071) 0.100 NP
HDL cholesterol (mg/dL) 0.034 (-0.114 to 0.046) 0.394 NP
TG (mg/dL) 0.002 (-0.038 to 0.041) 0.938 NP
APO-B (mg/dL) 0.072 (-0.011 to 0.133) 0.021 0.058 (-0.001 to 0.117) 0.079
TyG Index 3.930 (-7.668 to —0.193) 0.535 NP
Framingham Score 1.068 (-4.496 to 2.361) 0.100 NP
QRISK3 Score 0.342 (-0.515 to —0.168) <0.001 0.199 (-0.411 t0 0.012) 0.049
IMT (mm) 0.012 (-0.023 to —0.002) 0.027 0.007 (-0.028 to —0.001)  0.039

*Model adjusted for sex and age. Values of p<0.05 were considered statistically significant and are highlighted in bold.
Anti-dsDNA, anti-double strand DNA; APO-B, apolipoprotein B; BMI, body mass index; BP, blood pressure; HbA1c, glycated haemoglobin;

HCQ, hydroxychloroquine; HDL, high-density lipoprotein; IMT, intima media thickness; NP, not performed; PDN, prednisone; QRISK3,

QRESEARCH risk estimator version 3; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC-DI, Systemic Lupus

International Collaborating Clinics Damage Index; TG, Triglycerides; TyG, triglycerides-glucose.

DISCUSSION
In the present study, we evaluated for the first time the
relationship between IMT and retinal microvascularisa-
tion assessed through OCTA in a SLE cohort, together
with clinical and serological CV risk factors, compared
with a group of HCs. We used the Framingham Risk Score
and the QRISK3 Score to evaluate CV risk in SLE, in order
to consider traditional and disease-related risk factors. An
ACC/AHA pooled cohort equation was also evaluated in
our population, since it is the current validated method
to assess CV risk in the general population. However, the
age limit required, due to its low reliability in patients
under 40 years of age, excluded part of our SLE sample
and prevented us from including it in the final analysis.
According to our results, patients with SLE showed a
significant reduction in retinal VD, both in superficial

and deep retinal plexi, compared with HCs, as previously
described."

According to CV risk evaluation, SLE presented higher
TG levels, higher TyG Index and higher Framingham and
ACC/AHA Risk Scores compared with HCs, all results
consistent with current literature.! ? * TG levels have
been associated with inflammation and kidney involve-
ment in SLE.” TyG Index is a recognised marker of
insulin resistance, but recent studies have underlined its
role as a possible predictor of CV events in the general
population, independently from other traditional CV risk
factors.”  There are consistent data showing the rela-
tionship between TyG Index with increased carotid IMT,
high coronary calcium score and arterial stiffness.”” In
this study, we evaluated for the first time TyG Index as
a marker of CV risk in patients with SLE compared with
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HGs, though its role needs further validation both in
patients with SLE and healthy subjects.

Multivariate sex-adjusted and age-adjusted analyses
demonstrated that QRISK3 and IMT are independent
risk factors for retinal vascular impairment in SLE. Multi-
variate analysis did not confirm a relationship between
single CV risk factors and retinal vascularisation, but the
composite evaluation of some of these factors through the
QRISK3 Score was significantly associated with microvas-
cular impairment. This probably reflects the complexity
of microvascular damage pathogenesis in patients with
SLE, which does not depend by the presence of single CV
risk factors, but it is the result of their combination and
interaction.

The presence of SLE retinopathy was also assessed,
showing a lower prevalence compared with previous
findings,” probably due to the composition of our popu-
lation, comprising patients with a lower prevalence of
lupus nephritis, younger age and shorter disease dura-
tion. Therefore, we did not correlate its presence with
OCTA findings and CV risk parameters, but studies
with a larger sample size are needed to explore the rela-
tionship between established lupus retinopathy and CV
involvement.

OCT parameters evaluating retinal layers showed
a significant reduction among total retina and GCL
segments’ thickness in SLE compared with HC. However,
no correlations were found between total retina, GCL
and RNFL retinal segments and both IMT and QRISK3
Score in SLE.

Retinal thickness in SLE was evaluated in a previous
study and it didn’t show any significant reduction
compared with HCs.'® These contrasting results suggest
that retinal vascular density could be more sensitive in
evaluating preclinical retinal alterations in SLE compared
to retinal thickness.

We also evaluated presence of RIPLs, retinal alterations
that were correlated with established CV disease and that
were found to be more prevalent in patients with higher
10-year CV risk.'” *" Although we didn’t identify RIPLs in
our population, probably due to the study design, which
excluded patients at higher risk to have an estabilished
CV disease, these alterations should be evaluated in
future studies, considering their relationship with coex-
isting CV conditions.

A link between subclinical atherosclerosis and retinal
vascularisation has been identified both in the general
population and in systemic diseases, such as diabetes and
hypertension, showing a correlation between reduction
of retinal vessel density and increased IMT."' '*** These
results highlight a relationship between microcircula-
tion and macrocirculation, probably related to common
pathogenetic mechanisms. In SLE, accelerated athero-
sclerosis and retinal vascular involvement could share
a similar pathophysiology, characterised by a systemic
inflammatory process involving the endothelium.***

In our study, IMT values were similar between patients
and controls. We can speculate that this lack of difference

depends on the relatively short duration of SLE, young
age, small sample size and absence of well-known CV risk
factors such as diabetes, hypertension and obesity. Limita-
tions of this study are the small sample size, the cross-
sectional design and the lack of evaluation of ongoing
antirheumatic treatments.

Further studies are necessary with a longer obser-
vational period and a prospective design, in order to
confirm the link between ocular vascular impairment and
subclinical atherosclerosis. The impact of different immu-
nosuppressive treatments on these conditions should also
be assessed.

CONCLUSIONS

Patients with SLE showed a reduction in retinal microvas-
cularisation compared with HCs, together with higher CV
risk indicators, such as TG levels, TyG Inde, Framingham
and ACC/AHA risk scores. Among the SLE cohort,
QRISK3 Score and IMT showed to be independent risk
factors for subclinical retinal vascular impairment.

In conclusion, these results suggest that retinal vessel
density detected through OCTA could represent an
instrument to evaluate CV involvement in SLE at its
preclinical stage.
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