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Background: The evaluation of microvascular alterations might provide clinically
useful information for patients with an increased cardiovascular (CV) risk, such
as those with rheumatoid arthritis (RA), being the small artery remodeling the
earliest form of target organ damage in primary CV diseases, such as arterial
hypertension. The evaluation of retinal arterioles is a non-invasive technique
aimed to identify an early microvascular damage, represented by the increase
of the wall-to-lumen ratio (WLR) index. Abatacept (ABA), a T-cell co-stimulator
blocker, is used to treat RA. A CV protective action was hypothesized for its
peculiar mechanism of action in the modulation of T-cells, potentially involved
in the pathogenesis of CV comorbidity. The study aimed to non-invasively
investigate morphological characteristics of retinal arterioles in a cohort of RA
patients treated with ABA.

Materials and methods: Seventeen RA patients [median (25th-75thpercentile)
age =58 (48-64) years, baseline 28-joint Disease Activity Score DAS28-C-
reactive protein (DAS28-CRP)=44 (3.9-4.6), body mass index (BMI)=24.2
(23.4-26) kg/m?, rheumatoid factor positive:52.9%, anti-citrullinated peptide
autoantibodies positive:76.5%] without known CV risk factors (arterial
hypertension, diabetes, hypercholesterolemia, previous CV events, smoking)
were evaluated by the adaptive optics imaging system of retinal arterioles before
and every 6 months of therapy with ABA (TO, T6 and T12). Office blood pressure
evaluation, 24-h ambulatory blood pressure monitoring and tissue-doppler
echocardiography were also performed.

Results: A progressive significant reduction of the WLR of retinal arterioles was
observed [TO =0.28 (0.25-0.30), T6 =0.27 (0.24-0.31), T12=0.23 (0.23-0.26);
pTOvs. T6=0414; p T6 vs. T12=0.02; p TO vs. T12 = 0.009], without significant
variations in other parameters. The TO-T12 reduction of WLR was correlated
with that of DAS28-CRP (r:0.789; p = 0.005). Moreover, a significant reduction
of diastolic office blood pressure and a trend for reduction of daily pressure
measured by ambulatory monitoring were observed.
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Conclusion: In a cohort of RA patients without known CV risk factors, a
reduction of retinal microvascular alterations was demonstrated after treatment
for 12 months with ABA, in parallel with the reduction of disease activity. These
results might suggest the possibility of microvascular abnormalities regression
induced by the immune system modulation.
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Introduction

Rheumatoid arthritis (RA) patients have increased cardiovascular
(CV) risk as compared with general population (1). Their excess risk
for myocardial infarction and ischemic stroke is comparable to that
observed in patients with diabetes mellitus (2). RA patients, especially
if seropositive, are also at higher risk to develop heart failure (3). This
increased risk is not fully explained by traditional risk factors,
concomitant therapies, or genetic features, but most likely it can
be traced to RA-related systemic inflammatory processes (4). Among
other factors, T lymphocytes have been described to have a pivotal
role in the pathogenesis of CV comorbidity in RA and in other
diseases. CD4+CD28-negative T cells were first identified in the
plaques of patients with unstable angina and expansions of these cells
have been reported in a range of CV conditions (5). Moreover, these
cells are expanded in RA patients, especially in those with preclinical
atherosclerotic changes (6, 7).

Clinicians are forced to use scores which are validated for general
population for the screening of CV risk in RA, due to the lack of
RA-specific CV event prediction models (8, 9). According to the last
updated guidelines, CV risk assessment should be performed every
5years in patients with low-to-moderate risk, and patients with high
risk should receive appropriate treatments (1). Screening for carotid
plaques may be useful, if possible, in routine clinical practice (1).

In the evaluation of CV risk in high-risk categories of patients,
new techniques can be used to detect early CV alterations in clinical
studies (10). Considering that small artery remodeling (i.e., thickened
arterial wall) is the earliest form of target organ damage in arterial
hypertension, and it has a role in increasing vascular resistance, the
evaluation of microvascular alterations might provide clinically useful
information extending the determination of traditional Framingham
risk factors (11). Assuming that microvascular damage is present with
similar characteristics in all vascular districts, retinal vessels might
be considered as a window to the heart (12) and even to the brain (13)
and can be evaluated by new techniques such as the adaptive optics
imaging system (14). A permanent decrease in arteriolar vessel lumen
and an increase in arteriolar vessel wall due to, for example, smooth
muscle cells proliferation, resulting in a higher wall-to-lumen ratio
(WLR), play a key role for microvascular remodeling in chronic
disease states (15, 16). Previous studies have shown strong correlations
of WLR with age and blood pressure (BP) (17, 18), and higher retinal
WLR has been described in older people or in patients with
hypertension (17-19).

Recent studies were published on vascular remodeling of the
retinal microcirculation in RA, detected with methods which were
different from adaptive optics. The reduction of the vessel density was
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demonstrated in early RA using the optical coherence tomography
angiography (20) and an altered retinal microvascular morphology
was showed in active RA patients by processing retinal images through
a computerized software that allow to calculate the retinal vascular
caliber (21, 22).

The role of antirheumatic drugs on CV risk in patient with RA is
not yet fully evaluated. Little is known on the effect of abatacept
(ABA), a T cell co-stimulation blocker, even if this agent was
demonstrated to reduce the number of circulating CD28-negative T
cells (23), therefore specifically targeting relevant players in the
pathophysiology of CV comorbidity in RA. The aim of our study was
therefore to perform an in-depth CV assessment in a cohort of active
RA patients before and after therapy with ABA. To better evaluate the
role of antirheumatic therapies we focused on a cohort of patients
without known traditional CV factors.

Patients and methods

Patients

Seventeen consecutive patients with RA without known
traditional CV risk factors (arterial hypertension, diabetes mellitus,
hypercholesterolemia, previous CV events, smoking), treated with
ABA for at least 6 months (T6), were enrolled in the study between
June 2016 and April 2019, but only 11 patients have concluded
12 months follow-up (T12). Ocular diseases, that may interfere with
the experimental study with adaptive optics, were excluded due to a
preliminary ophthalmologic visit in all the participants. Among 6
patients who did not complete the scheduled follow-up, two were
excluded because arterial hypertension was detected at baseline at the
24-h ambulatory BP monitoring (ABPM) evaluation, and anti-
hypertensive treatment with calcium channel-blockers was
introduced. One patient was switched to another biological disease
modifying anti-rheumatic drug (b DMARD) because of a primary
inefficacy of ABA. The other three patients did not complete the study
because of the SARS/COV-2 pandemic that limited the frequency of
face-to-face visits.

The main clinical and demographic characteristics of these
patients are shown in Table 1. The study was approved by the
Institution Ethics Committee (NP 2276), and patients’ written
consent, according to the Declaration of Helsinki, was obtained.

Clinical disease activity and the response to the treatment were
evaluated, respectively, with the 28-joints disease activity score based
on C-reactive protein (CRP) (DAS28-CRP), and the European
Alliance of Association for Rheumatology (EULAR) criteria of
Response to the treatment (24).
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TABLE 1 Baseline demographic, serological and clinical features of 17 total RA patients and the 11 RA patients with a 12-month follow-up.

All the cohort
(n=17)

Features at TO

Patients who completed

Value of p
the study (n = 11)

Gender: M/E n (%) 4/13 (23.5/76.5) 3/8(27.3/72.7) 0.823
Age, years 58 (48-64) 60 (49-64) 0.880
BML, kg/m* 24.2 (23.4-26) 23.4(21.6-25.6) 0.615
Arterial hypertension, 1 (%) 0 0 n.a.

Diabetes, n (%) 0 0 n.a.

Hypercholesterolemia, 1 (%) 0 0 n.a.

Previous CV events, n (%) 0 0 n.a.

Smoking, 1 (%) 0 0 n.a.

RF positivity, n (%) 9 (52.9) 5(45.5) 0.698
Anti-CCP positivity, n (%) 13 (76.5) 8(72.7) 0.823
CRP, mg/L 7.1 (2.4-12) 7.5 (4.1-11.5) 0.755
ESR, mm/h 31 (23-34) 29.5(25.8-33.5) 0.990
DAS28-CRP 4.4 (3.9-4.6) 4.4 (3.8-4.6) 0.999
HAQ 0.5 (0.2-1) 0.2 (0.1-0.7) 0.435
Disease duration, months 72 (18-144) 80 (15-121.5) 0.954
Currently treated with corticosteroid, n (%) 14 (82.4) 9 (81.8) 0.971
Daily dose [Prednisone equivalent mg] 4.5 (2.8-5) 3.6 (2.4-4.7) 0.518
N of previous csDMARDs 2(1-2) 1(1-2) 0.602
Currently treated with csDMARDs, 1 (%) 13 (76.5) 10 (90.9) 0.329
Currently treated with MTX, 7 (%) 10 (58.8) 8(72.7) 0.562
Weekly dose [mg] 15 (10.6-15) 13.8 (10-15) 0.813
Naive to b/tsDMARD, 1 (%) 14 (82.3) 9(81.8) 0.971
Currently treated with NSAIDs, 1 (%) 8 (47) 6 (54) 0.698

Data are shown as median (25th-75thpercentile). In bold, significant value of ps.

BMI, body mass index; RE, rheumatoid factor; Anti-CCP, anti-cyclic citrullinated peptides antibodies; CRP: c-reactive protein; ESR, erythrocyte sedimentation rate; DAS28, 28-joints disease
activity score; HAQ, health assessment questionnaire; DMARD, disease modifying anti-rheumatic drugs, conventional synthetic (cs), target synthetic (ts), and biologics (b); MTX,
methotrexate; n, number of subjects; n.a., not applicable; NSAIDs, not steroidal anti-inflammatory drugs.

During the visit at our hospital, each patients did a rheumatologic
evaluation at the Rheumatology and Clinical Immunology Unit, and
a CV assessment at the Internal Medicine Unit (ASST Spedali Civili
University Hospital of Brescia, Italy). Adaptive optics examination,
office BP evaluation, 24-h ABPM and tissue doppler echocardiography
were part of the CV assessment.

Methods
Microcirculation

Adaptive optics imaging technique

Adaptive optics apparatus is an improved version of a traditional
fundus camera, allowing the investigation of vessels with 20-150 pm
of diameter (16). A beam of light enters the eye, and a small amount
is reflected out of the eye and into the optical system. Wavefront
aberrations in the reflected image are detected by an image sensor and
corrected by a deformable mirror. The achieved image resolution is of
the order of 1 um (16). Other details on the technique are described
elsewhere (16). The WLR of retinal arterioles is the crucial parameter
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which was calculated using the formula (arteriole diameter —lumen
diameter)/lumen diameter (16). Moreover, the wall thickness and the
wall cross-sectional area (WCSA) were also measured.

Macrocirculation
Blood pressure measurements

Office BP evaluation and 24-h ambulatory BP monitoring
(ABPM)

BP was measured three times by the same physician in all subjects
in a sitting position after 10 min at rest, using a sphygmomanometer
and taking the disappearance of phase V Korotkoff sounds as diastolic
pressure. Hypertension was defined as a sustained increase in BP
(systolic BP > 140 mmHg and/or diastolic BP >90 mmHg) according
to the World Health Organization/ International Society of
Hypertension guidelines (25, 26).

Twenty-four-hour BP and heart rate were evaluated by
non-invasive automatic monitoring (model 90,207; SpaceLabs,
Redmond, WA, USA) (23). The procedure was described elsewhere
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(27). The 24-h BP profiles were used to calculate mean 24-h systolic
and diastolic values, mean daytime systolic and diastolic values, mean
night-time systolic and diastolic values (27).

Tissue Doppler echocardiography

The left ventricular (LV) internal dimensions, interventricular
septum and posterior wall thickness were measured according to the
American Society of Echocardiographys recommendations (25).
Relative wall thickness was calculated, and values >0.43 was considered
to indicate left ventricular (LV) concentric geometry. The formula of
American Society of Echocardiography was used to calculate LV mass
and it was indexed by body height to the 2.7 power (LVMI). LV
defined if LVMI was than
47 g/m*” in women or 50g/m*’ in men (28). Trans mitral flow velocity

hypertrophy — was greater
profile was evaluated by the Doppler technique, with the sample volume
placed at the tips of mitral leaflets from the apical four-chamber view,
and the peak early (E wave) flow velocity, peak late (A wave) flow
velocity, and the E wave deceleration time was measured. LV isovolumic
relaxation time (IVRT) was also measured, as previously described (28).

Statistics

The lack of Gaussian distribution of all the variables were verified
by the Kolmogorov-Smirnov test. Data were expressed as the median
(25th-75thpercentile). Mann Whitney U test and Wilcoxon-signed rank
test were applied to assess variations for quantitative variables, when

10.3389/fmed.2024.1247024

appropriated. General linear model for repeated measurements was
used as a verification test. The correlations between variables were
evaluated by Spearman rank correlation test. A p value <0.05 was
considered statistically significant. All analyses will be carried out using
the software package GraphPad Prism (version 6) and IBM SPSS.

Results
Longitudinal clinical evaluation of the cohort

Patients who completed the 12month follow up with CV
evaluation (n =11) had a progressive improvement of their symptoms
during ABA therapy and were progressively treated with lower doses
of prednisone (Table 2). Ten of 11 (91%) patients had a moderate
response, and one subject had a good response. The results of the
improvement of CRP and DAS28-CRP are shown in Table 2.

Longitudinal evaluation of microvascular
parameters

As shown in Table 3, five parameters were evaluated through
adaptive optics technique on retinal arterioles. Significant reduction of
the WLR was observed progressively during time (general linear model,
p =0.008). Considering the variation with time of the retinal parameters
in correlation with the DAS28-CRP, a significant direct correlation was
found between the RA activity index and WLR variations after
12months of treatment with ABA (7:0.789; p =0.005) (Figure 1).

TABLE 2 Clinical disease activity features of 11 RA patients with 12-month follow-up.

eEres (1 = 1] \_/raéue of p Value of p Value of p
vs. T6 TO vs. T12 T6 vs. T12
CRP, mg/L 7.5 (4.1-11.5) 4.0 (1-7) 5(2.6-7.4) 0.167 0.320 0.476
DAS28-CRP 4.4 (3.8-4.6) 2.3(2.1-3.2) 1.8 (1.3-2.3) 0.002 0.001 0.025
Currently treated with corticosteroid, n (%) 9(81) 4(36) 3(27) 0.030 0.010 0.647
Daily dose [Prednisone equivalent mg] 4.5 (2.8-5) 2.3(2-3.4) 2.5(2.3-4.4) 0.003 0.004 >0.999

Data are shown as median (25th-75thpercentile). In bold, significant value of ps.
CRP, high sensitivity C-reactive protein; DAS28: 28-joints disease activity score.

TABLE 3 Retinal arterioles parameters of 11 RA patients with a 12-month follow-up.

Parameters Value of p Value of p Value of p
(n =11) TOvs. T6 TO vs. T12 T6 vs. T12
Lumen 94.4 94.8 99.2
0.765 0.278 0.278
pm (84.1-103.9) (84.6-107.7) (89.1-109.1)
External diameter 125.8 122.4 125.6
0.898 0.563 0.577
pm (111.1-131) (109.1-134.5) (113.9-134.4)
Wall thickness 13.2 13.4 12.5
0.365 0.070 0.175
pm (12.2-14.4) (11.7-14.4) (11.6-13)
Wall cross-sectional area 4581 4563 4100
0.638 0.365 0.765
pm? (3789-5264) (3789-5295) (3899-5146)
0.28 0.27 0.23
Wall to lumen ratio 0.414 0.009 0.002
(0.25-0.30) (0.24-0.31) (0.23-0.26)

Data are shown as median (25th-75thpercentile). In bold, significant value of ps.
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Longitudinal evaluation of macrovascular
parameters

Blood pressure evaluation

Office arterial BP and the 24-h ambulatory BP monitoring were
detected in enrolled patients. Longitudinal data are shown in Table 4.
Data are presented as the mean values of all the measurements in
office, 24-h, day and nighttime. During 12months of observation,
slight variations were observed. A significant decrease of the systolic
[T6 vs. T12: 125 (116-133.5) mmHg vs. 116 (110-120) mmHg;
p =0.047] and diastolic [T6 vs. T12: 76 (70-76) mmHg vs. 69
(64-71.5) mmHg; p =0.005] office BP was observed (general linear
model, p =0.073 and p =0.007, respectively). In the intensive
monitoring of the 24-h, the day and night ABPM systolic blood
pressure decreased between T0 and T12. value of ps were approaching

0.15+
[}

e 0.104

=

=

o

= 0.05 1

N

—

= 0.00

-0.05- T12-TO DAS28-CRP

FIGURE 1
Correlation between T12-TO variations of WLR and DAS28-CRP in 11
RA patients with a 12-month follow-up (r:0.789; p = 0.005). CRP,
C-Reactive Protein; DAS28, 28-joints disease activity score; WLR,
wall-to-lumen ratio; WLR, wall-to-lumen ratio.

10.3389/fmed.2024.1247024

the level of significancy (p =0.055 and p =0.063, respectively). No
correlation was found between blood pressure parameters’ reduction
and the decrease of WLR.

Tissue Doppler echocardiography

As shown in Table 5, selected parameters of the echocardiography
were evaluated. No significant variations were registered with time.
Notably, however, a slight decrease of the left ventricular mass index
with time [TO vs. T6 vs. T12: 31.5 (28.2-35.9) g/m*’ vs. 30.4 (26.8-
33.8) g/m*’ vs. 30 (26.5-33.2) g/m*’] was observed.

Discussion

Our study is the first demonstration of the reduction of
microvascular alterations detected by adaptive optics technique in a
cohort of patients with active RA treated with ABA. The observed
alterations at retinal level in our RA patients may be a consequence of
inflammation that affects blood vessels, enhancing precocious
mechanisms of endothelial dysfunction which are, at least in part,
responsible of the excess of CV diseases in these patients if compared
with general population (29). Even though rheumatologists are aware
about the presence of a higher CV risk in their patients, one of the
objectives of the next years may be to propose a new model of evaluation
of this risk in RA, and the methods of detection of early micro and
macrovascular modifications could have a place. Retinal vessels
inspection is a standard procedure for assessing microvascular changes
in hypertension or in diabetes and it represents an emerging tool to
be used also in other field, like that of autoimmune diseases (20-22).

In our study we enrolled RA patients with an active disease and
without any modifiable CV risk factors because we wanted to study

TABLE 4 Blood pressure parameters (nmHg) of 11 RA patients with a 12-month follow-up.

Parameter (n =11) Value of p Value of p Value of p
TO vs. T6 TO vs. T12 T6 vs. T12

Systolic 120 125 116

0.449 0.125 0.047
OBP (115.5-132) (116-133.5) (110-120)
Diastolic 75 76 69

0.847 0.014 0.005
OBP (72-80) (70-76) (64-71.5)
24-h ABPM 116 119 113

0.813 0.063 0.672
SBP (114-132) (115-122) (105-123)
24-h ABPM 74 72 69.5

0.500 0.098 0.656
DPB (71-79) (71-74) (66.3-73.5)
Day ABPM 121 124 112

0.625 0.055 0313
SBP (118-135) (120-125) (110-122)
Day ABPM 78 75 72

0.500 0.098 0.156
DBP (76-82) (73-78) (69.5-73)
Night ABPM 109 109 99.5

0.625 0.063 0313
SBP (105-127) (97-113) (95-116)
Night ABPM 65 61 61.5

0375 0.063 0.203
DBP (59-74) (60-63) (58-65.5)

Data are shown as median (25th-75thpercentile). In bold, significant value of ps.

OBBP, office blood pressure. ABPM, ambulatory blood pressure monitoring; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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TABLE 5 Tissue Doppler Echocardiography parameters of 11 RA patients with a 12-month follow-up.

Parameter Value of p value of p p-Value
(n=11) TO vs. T6 TO vs. T12 T6 vs. T12
LAD 33 32 3.1
0512 0278 0.718
cm (3.1-3.6) (3.1-3.4) (3.0-3.3)
LVM h 315 30.4 30.0
0275 0.083 0.083
(g/m>7) (28.2-35.9) (26.8-33.8) (26.5-33.2)
033 0.30 0.32
RWT 0.563 1 0.747
(0.29-0.36) (0.29-0.35) (0.30-0.35)
Dec E 203 199 204
0.447 0320 0.848
(m/s) (160-235) (185-221) (171-234)
IVRT 81 88 80
0.711 0.449 0.206
(m/s) (73.5-100.5) (81-92.5) (72.5-86.5)

Data are shown as median (25th-75thpercentile). In bold, significant value of ps.

LAD, left atrial diameter; LVM h, left ventricular mass indexed by body height to the 2.7 power; RWT: relative wall thickness; Dec E, E wave deceleration time; IVRT, left ventricular

isovolumic relaxation time.

the inflammation-related CV risk eliminating potential confounding
factors. A new technique of evaluation of the retinal arteriolar
morphology was used for the first time in RA patients in our study
(14). During the period of observation (one year), we showed a
significant reduction of the WLR parameter which is a marker of
arteriolar resistance. Interestingly, the reduction of the DAS28-CRP
index was directly correlated with that of WLR. This let us to
hypothesize a possible effect of the reduction of systemic inflammation
due to the treatment in the decrease of arteriolar resistance and
vascular swelling. Another hypothesis might be that ABA could have
an effect in improving endothelial function thanks to its peculiar
mechanism of action on the endothelium.

Notably, some parameters related to the health of the
macrovascular system also varied in our patients, in particular a
significant reduction of diastolic office BP and a trend for reduction
of daily pressure measured by ABPM, decreases that were independent
from that of WLR. It should be noted that glucocorticoid frequency
of use and dosage were also reduced. In two patients, which were
excluded by further analysis, anti-hypertensive therapies were
introduced after the first visit because of the detection of high level of
arterial pressure at the ABPM evaluation. This suggests the potential
utility of the use of ABPM to detect arterial hypertension in an early
phase in patients with high CV risk. Furthermore, the involvement in
this study might have improved the sense of responsibility of the
patients in taking care about their lifestyle. Taken together, these
elements might be the main determinants of the improvement of some
parameters in our cohort even if they may also represent a major
limitation of the study, together with the involvement of middle-aged
patients with a moderate disease activity and the lack of a control
group treated with other biological treatments. Furthermore, also the
progressive reduction of the prednisone daily dose might have had a
positive effect on the reduction of the microvascular parameters. All
those elements may interfere with the outcome of the study. As
expected, considering the relatively short period of observation, no
variation was instead shown in echocardiography indexes. The
stability of macrovascular parameters during 12months of ABA
therapy was previously demonstrated in a similar cohort of RA
patients (30), in contrast with a previous study where a worsening of
aortic stiffness was found after 6 months of ABA, probably related to
an insufficient decrease of systemic inflammation (31).
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Currently, the control of disease activity is the most effective
strategy to lower CV risk in RA patients thanks to the reduction of
the inflammatory burden (32). According to EULAR
recommendations, RA patients should be monitored every 5years or
after major changes in antirheumatic therapy, and lipids monitoring,
smoking cessation, regular physical activity, and Mediterranean diet
should be advised (1). Furthermore, the lipid increasing effects of
certain bDMARDs and some adverse effects of not steroidal anti-
inflammatory drugs and corticosteroids should be considered in the
management of the disease (1).

Among all the bDMARDs, ABA, a lymphocyte co-stimulation
blocker, has a rationale to be efficacious in inducing an improvement
of endothelial function (33, 34). This might be an additional effect,
strictly related to its mechanism of action that can lead to the
reduction of CD28-negative T cells in the bloodstream (5). In fact,
several studies support a role of circulating T cells lacking CD28
surface molecule in inducing functional impairment of arterial
endothelium, that is currently considered to be the earliest stage of
atheroma development, but also in enhancing plaque instability
promoting CV disease progression (6). This T cell subpopulation may
cause an increase in endothelial oxidative markers and in arterial
stiffness, with relevant consequences on left ventricular mass (5).
Unlike the common helper T cells, CD4+CD28-negative
subpopulation produces a great amount of TNF-alpha, IFN-gamma,
perforin and granzyme B which have cytotoxic activity on endothelial
cells (35). In a rat model, chronic administration of a potassium
channels blocker prevented the development of unstable
atherosclerotic plaques by blocking the release of inflammatory and
cytotoxic molecules from CD4 + CD28-negative T cells (36).

A clinical study found that ABA was associated with a 20%
reduced risk of CV disease in comparison with TNF-alpha inhibitors,
among patients with CV disease history (37). So far, there are data
from preclinical studies on atherosclerosis (34) and from large
population studies confirming its potential CV benefits (37, 38).

As additional evidence of the importance of T cells co-stimulation
blocking in the prevention of CV events, some authors demonstrated
that ABA administration in animal models of heart failure reduced the
severity of cardiac dysfunction and fibrosis, when compared to
non-treated animals, even if it was administered late in the disease
course (39). In these experiments, the authors showed that the ABA
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effect was exerted as a combination of the T cells inhibition, but also
of macrophage functions with the induction of signals in B cells,
triggering a compensating anti-inflammatory IL-10 expression (39).

Considering this last evidence and the results of our study, a
fascinating hypothesis that can be postulated is that, in the future, new
possibilities for the treatment of CV risk in our patients could be a
reality, in addition to prevention strategies. Immunosuppressants,
with ABA as a possible preferred candidate among the others thanks
to its peculiar mechanism of action, may be used for the cure of CV
complications, at least, in inflammatory diseases.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Brescia
ethical committee, Ple Spedali Civili 1, Brescia. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

SP, PA, DR, and MLM contributed to conception and design of
the study. SP, FR, FA, AT, GC, CR, CAR, and CDC conducted the

References

1. Agca R, Heslinga SC, Rollefstad S, Heslinga M, McInnes IB, Peters MJL, et al.
EULAR recommendations for cardiovascular disease risk management in patients with
rheumatoid arthritis and other forms of inflammatory joint disorders: 2015/2016
update. Ann Rheum Dis. (2017) 76:17-28. doi: 10.1136/annrheumdis-2016-209775

2. van Halm VP, Peters MJL, Voskuyl AE, Boers M, Lems WE Visser M, et al.
Rheumatoid arthritis versus diabetes as a risk factor for cardiovascular disease: a cross-
sectional study, the CARRE investigation. Ann Rheum Dis. (2009) 68:1395-400. doi:
10.1136/ard.2008.094151

3. Davis JM, Roger VL, Crowson CS, Kremers HM, Therneau TM, Gabriel SE. The
presentation and outcome of heart failure in patients with rheumatoid arthritis differs
from that in the general population. Arthritis Rheum. (2008) 58:2603-11. doi: 10.1002/
art.23798

4. Mclnnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N Engl ] Med.
(2011) 365:2205-19. doi: 10.1056/NEJMral004965

5. Liuzzo G, Goronzy J], Yang H, Kopecky SL, Holmes DR, Frye RL, et al. Monoclonal
T-cell proliferation and plaque instability in acute coronary syndromes. Circulation.
(2000) 101:2883-8. doi: 10.1161/01.CIR.101.25.2883

6. Gerli R, Schillaci G, Giordano A, Bocci EB, Bistoni O, Vaudo G, et al. CD4+CD28-
T lymphocytes contribute to early atherosclerotic damage in rheumatoid arthritis
patients. Circulation. (2004) 109:2744-8. doi: 10.1161/01.CIR.0000131450.66017.B3

7. Martens PB, Goronzy JJ, Schaid D, Weyand CM. Expansion of unusual CD4+ T
cells in severe rheumatoid arthritis. Arthritis Rheum. (1997) 40:1106-14. doi: 10.1002/
art.1780400615

8. D’Agostino RB, Vasan RS, Pencina M]J, Wolf PA, Cobain M, Massaro JM, et al.
General cardiovascular risk profile for use in primary care: the Framingham heart study.
Circulation. ~ (2008) 117:743-53.  doi: 10.1161/CIRCULATIONAHA.107.
699579

9. Peters MJL, Symmons DPM, McCarey D, Dijkmans BAC, Nicola P, Kvien TK, et al.
EULAR evidence-based recommendations for cardiovascular risk management in
patients with rheumatoid arthritis and other forms of inflammatory arthritis. Ann
Rheum Dis. (2010) 69:325-31. doi: 10.1136/ard.2009.113696

Frontiers in Medicine

10.3389/fmed.2024.1247024

study and organized the database. SP, AC, CAR, and CC performed
the statistical analysis. SP, FR, PA, FA, CAR, CC, and FF wrote
sections of the manuscript. CT in performing the statistical analysis.
All authors contributed to manuscript revision, read, and approved
the submitted version.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by an unrestricted research grant from Bristol- Myers
Squibb to the Rheumatology and Clinical Immunology Unit, ASST
Spedali Civili of Brescia.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

10. Cuspidi C, Tadic M, Sala C, Grassi G. How to identify hypertensive patients at high
cardiovascular risk? The role of echocardiography. High Blood Press Cardiovasc Prev.
(2015) 22:113-7. doi: 10.1007/540292-015-0079-2

11. Park JB, Schiffrin EL. Small artery remodeling is the most prevalent (earliest?)
form of target organ damage in mild essential hypertension. J Hypertens. (2001)
19:921-30. doi: 10.1097/00004872-200105000-00013

12. Flammer J, Konieczka K, Bruno RM, Virdis A, Flammer AJ, Taddei S. The eye and
the heart. Eur Heart ]. (2013) 34:1270-8. doi: 10.1093/eurheartj/eht023

13. Rizzoni D, De Ciuceis C, Porteri E, Paiardi S, Boari GEM, Mortini P, et al. Altered
structure of small cerebral arteries in patients with essential hypertension. ] Hypertens.
(2009) 27:838-45. doi: 10.1097/HJH.0b013e32832401ea

14. Rizzoni D, Agabiti Rosei C, De Ciuceis C, Semeraro F, Rizzoni M, Docchio FE. New
methods to study the microcirculation. Am J Hypertens. (2018) 31:265-73. doi: 10.1093/
ajh/hpx211

15. Streese L, Brawand LY, Gugleta K, Maloca PM, Vilser W, Hanssen H. New
Frontiers in noninvasive analysis of Retinal Wall-to-lumen ratio by retinal Vessel Wall
analysis. Trans Vis Sci Tech. (2020) 9:7. doi: 10.1167/tvst.9.6.7

16. Rizzoni D, Porteri E, Duse S, De Ciuceis C, Rosei CA, La Boria E, et al. Relationship
between media-to-lumen ratio of subcutaneous small arteries and wall-to-lumen ratio
of retinal arterioles evaluated noninvasively by scanning laser Doppler flowmetry. J
Hypertens. (2012) 30:1169-75. doi: 10.1097/HJH.0b013e328352f81d

17. Arichika S, Uji A, Ooto S, Muraoka Y, Yoshimura N. Effects of age and blood
pressure on the retinal arterial wall, analyzed using adaptive optics scanning laser
ophthalmoscopy. Sci Rep. (2015) 5:12283. doi: 10.1038/srep12283

18. Harazny JM, Ritt M, Baleanu D, Ott C, Heckmann J, Schlaich MP, et al. Increased
wall:lumen ratio of retinal arterioles in male patients with a history of a cerebrovascular
event. Hypertension. (2007) 50:623-9. doi: 10.1161/HYPERTENSIONAHA.107.090779

19. Baleanu D, Ritt M, Harazny ], Heckmann ], Schmieder RE, Michelson G. Wall-to-
lumen ratio of retinal arterioles and arteriole-to-Venule ratio of retinal vessels in patients
with cerebrovascular damage. Invest Ophthalmol Vis Sci. (2009) 50:4351-9. doi: 10.1167/
i0vs.08-3266

frontiersin.org


https://doi.org/10.3389/fmed.2024.1247024
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1136/annrheumdis-2016-209775
https://doi.org/10.1136/ard.2008.094151
https://doi.org/10.1002/art.23798
https://doi.org/10.1002/art.23798
https://doi.org/10.1056/NEJMra1004965
https://doi.org/10.1161/01.CIR.101.25.2883
https://doi.org/10.1161/01.CIR.0000131450.66017.B3
https://doi.org/10.1002/art.1780400615
https://doi.org/10.1002/art.1780400615
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1136/ard.2009.113696
https://doi.org/10.1007/s40292-015-0079-2
https://doi.org/10.1097/00004872-200105000-00013
https://doi.org/10.1093/eurheartj/eht023
https://doi.org/10.1097/HJH.0b013e32832401ea
https://doi.org/10.1093/ajh/hpx211
https://doi.org/10.1093/ajh/hpx211
https://doi.org/10.1167/tvst.9.6.7
https://doi.org/10.1097/HJH.0b013e328352f81d
https://doi.org/10.1038/srep12283
https://doi.org/10.1161/HYPERTENSIONAHA.107.090779
https://doi.org/10.1167/iovs.08-3266
https://doi.org/10.1167/iovs.08-3266

Piantoni et al.

20. Iacono P, Da Pozzo S, Bedendo A, Arrigo A, Parravano M, Varano M, et al. OCT
retinal angiography features in patients with rheumatoid arthritis: a pilot study. Eur J
Ophthalmol. (2022) 32:2433-9. doi: 10.1177/11206721211035626

21. Anyfanti P, Triantafyllou A, Gkaliagkousi E, Koletsos N, Athanasopoulos G,
Zabulis X, et al. Retinal vessel morphology in rheumatoid arthritis: association with
systemic inflammation, subclinical atherosclerosis, and cardiovascular risk.
Microcirculation. (2017) 24. doi: 10.1111/micc.12417

22. Babaoglu H, Baytaroglu A, Torgutalp M, Erden A, Kadayifcilar S, Kalyoncu U.
Abnormal retinal microvasculature found in active rheumatoid arthritis:a different
perspective of microvascular health. Turk J Med Sci. (2019) 49:20-6. doi: 10.3906/
sag-1806-1

23. Airo P, Scarsi M. Targeting CD4+CD28— T cells by blocking CD28 co-stimulation.
Trends Mol Med. (2013) 19:1-2. doi: 10.1016/j.molmed.2012.10.013

24. Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LHD, Funovits J, et al. American
College of Rheumatology/European league against rheumatism provisional definition
of remission in rheumatoid arthritis for clinical trials. Ann Rheum Dis. (2011) 70:404-13.
doi: 10.1136/ard.2011.149765

25. European Society of Hypertension-European Society of Cardiology Guidelines
Committee. 2003 European Society of Hypertension-European Society of cardiology
guidelines for the management of arterial hypertension. ] Hypertens. (2003) 21:1011-53.
doi: 10.1097/00004872-200306000-00001

26. O’Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia G, et al. European
Society of Hypertension recommendations for conventional, ambulatory and home
blood pressure measurement. ]  Hypertens. (2003) 21:821-48. doi:
10.1097/00004872-200305000-00001

27. Muiesan ML, Pasini G, Salvetti M, Calebich S, Zulli R, Castellano M, et al. Cardiac
and vascular structural changes: prevalence and relation to ambulatory blood pressure
in a middle-aged general population in northern Italy: the Vobarno study. Hypertension.
(1996) 27:1046-52. doi: 10.1161/01.HYP.27.5.1046

28. Muiesan ML, Salvetti M, Rizzoni D, Paini A, Agabiti-Rosei C, Aggiusti C, et al.
Pulsatile hemodynamics and microcirculation: evidence for a close relationship in
hypertensive  patients.  Hypertension. ~ (2013)  61:130-6.  doi:  10.1161/
HYPERTENSIONAHA.111.00006

29. England BR, Thiele GM, Anderson DR, Mikuls TR. Increased cardiovascular risk
in rheumatoid arthritis: mechanisms and implications. BMJ. (2018) 361:k1036. doi:
10.1136/bmj.k1036

Frontiers in Medicine

08

10.3389/fmed.2024.1247024

30. Benucci M, Bandinelli F, Damiani A, Li Gobbi F, Infantino M, Grossi V, et al.
Factors correlated with the improvement of endothelial dysfunction during Abatacept
therapy in patients with rheumatoid arthritis. JIR. (2018) 11:247-52. doi: 10.2147/JIR.
S156822

31. Mathieu S, Couderc M, Pereira B, Tournadre A, Dubost JJ, Soubrier M, et al.
Effects of 6 months of abatacept treatment on aortic stiffness in patients with rheumatoid
arthritis. BT'T. (2013) 7:259-64. doi: 10.2147/BTT.S52003

32. Myasoedova E, Chandran A, Ilhan B, Major BT, Michet CJ, Matteson EL, et al. The
role of rheumatoid arthritis (RA) flare and cumulative burden of RA severity in the risk
of cardiovascular disease. Ann Rheum Dis. (2016) 75:560-5. doi: 10.1136/
annrheumdis-2014-206411

33. Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha D,
et al. EULAR recommendations for the management of rheumatoid arthritis with
synthetic and biological disease-modifying antirheumatic drugs: 2022 update. Ann
Rheum Dis. (2022):ard-2022-223356. doi: 10.1136/ard-2022-223356

34.Ma K, Lv S, Liu B, Liu Z, Luo Y, Kong W, et al. CTLA4-IgG ameliorates
homocysteine-accelerated atherosclerosis by inhibiting T-cell overactivation in
apoE(—/—) mice. Cardiovasc Res. (2013) 97:349-59. doi: 10.1093/cvr/cvs330

35. Broadley I, Pera A, Morrow G, Davies KA, Kern F. Expansions of cytotoxic
CD4+CD28— T cells drive excess cardiovascular mortality in rheumatoid arthritis and
other chronic inflammatory conditions and are triggered by CMV infection. Front
Immunol. (2017):8. doi: 10.3389/fimmu.2017.00195/full

36. Wu X, Xu R, Cao M, Ruan L, Wang X, Zhang C. Effect of the Kv1.3 voltage-gated
potassium channel blocker PAP-1 on the initiation and progress of atherosclerosis in a
rat model. Heart Vessel. (2015) 30:108-14. doi: 10.1007/s00380-013-0462-7

37.Jin Y, Kang EH, Brill G, Desai R], Kim SC. Cardiovascular (CV) risk after initiation
of Abatacept versus TNF inhibitors in rheumatoid arthritis patients with and without
baseline CV disease. J Rheumatol. (2018) 45:1240-8. doi: 10.3899/jrheum.
170926

38.Kang EH, Jin Y, Brill G, Lewey J, Patorno E, Desai RJ, et al. Comparative
cardiovascular risk of Abatacept and tumor necrosis factor inhibitors in patients with
rheumatoid arthritis with and without diabetes mellitus: a multidatabase cohort study.
JAHA. (2018) 7:€007393. doi: 10.1161/JAHA.117.007393

39. Kallikourdis M, Martini E, Carullo P, Sardi C, Roselli G, Greco CM, et al. T cell
costimulation blockade blunts pressure overload-induced heart failure. Nat Commun.
(2017) 8:14680. doi: 10.1038/ncomms14680

frontiersin.org


https://doi.org/10.3389/fmed.2024.1247024
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/11206721211035626
https://doi.org/10.1111/micc.12417
https://doi.org/10.3906/sag-1806-1
https://doi.org/10.3906/sag-1806-1
https://doi.org/10.1016/j.molmed.2012.10.013
https://doi.org/10.1136/ard.2011.149765
https://doi.org/10.1097/00004872-200306000-00001
https://doi.org/10.1097/00004872-200305000-00001
https://doi.org/10.1161/01.HYP.27.5.1046
https://doi.org/10.1161/HYPERTENSIONAHA.111.00006
https://doi.org/10.1161/HYPERTENSIONAHA.111.00006
https://doi.org/10.1136/bmj.k1036
https://doi.org/10.2147/JIR.S156822
https://doi.org/10.2147/JIR.S156822
https://doi.org/10.2147/BTT.S52003
https://doi.org/10.1136/annrheumdis-2014-206411
https://doi.org/10.1136/annrheumdis-2014-206411
https://doi.org/10.1136/ard-2022-223356
https://doi.org/10.1093/cvr/cvs330
https://doi.org/10.3389/fimmu.2017.00195/full
https://doi.org/10.1007/s00380-013-0462-7
https://doi.org/10.3899/jrheum.170926
https://doi.org/10.3899/jrheum.170926
https://doi.org/10.1161/JAHA.117.007393
https://doi.org/10.1038/ncomms14680

	Retinal microvascular alterations in patients with active rheumatoid arthritis without cardiovascular risk factors: the potential effects of T cell co-stimulation blockade
	Introduction
	Patients and methods
	Patients

	Methods
	Microcirculation
	Adaptive optics imaging technique
	Macrocirculation
	Blood pressure measurements
	Office BP evaluation and 24-h ambulatory BP monitoring (ABPM)
	Tissue Doppler echocardiography
	Statistics

	Results
	Longitudinal clinical evaluation of the cohort
	Longitudinal evaluation of microvascular parameters
	Longitudinal evaluation of macrovascular parameters
	Blood pressure evaluation
	Tissue Doppler echocardiography

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

