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A B S T R A C T

Background: Rheumatoid arthritis (RA) is burdened by a significant increase in cardiovascular disease (CVD)
risk. Amongst CVD risk factors, endothelial dysfunction and arterial stiffness represent powerful predictors of
atherosclerosis and cardiovascular events in the general population and in RA patients.
Methods: A systematic review of the literature was performed to identify the available data on the effect of non-
TNF-targeted biologics licensed for the treatment of RA on endothelial function, arterial stiffness or subclinical
atherosclerosis. MedLine (via PubMed), Cochrane Central Register of Controlled Trials (CENTRAL) and Web of
Science (WOS) databases were searched using a predefined strategy to identify relevant articles.
Results: The search strategy initially retrieved 389 records. After screening titles and abstracts, a total of 362
studies were excluded. Amongst the remaining 27 studies selected for final examination, 16 articles were in-
cluded in the systematic literature review. Included studies demonstrated a significant effect of abatacept,
anakinra, rituximab and tocilizumab in improving endothelial dysfunction associated with RA; the effect on
arterial stiffness was less consistent and deserves further investigation. No significant effect of non-TNF-targeted
biologics was observed for measures of subclinical atherosclerosis.
Conclusion: Non-TNF-targeted biologics have been associated with favorable effects on endothelial dysfunction
as already demonstrated for TNF inhibitors. Future studies are needed to ascertain the impact of this mediations
on arterial stiffness in RA patients.

1. Introduction

Rheumatoid arthritis (RA) is characterized by an excess of cardio-
vascular diseases (CVD) risk [1,2], comparable in magnitude to that
conferred by type 2 diabetes mellitus (T2D) [3]. This profile results
from the interaction between the prejudicial effect of systemic in-
flammation on vascular function and an increased prevalence of “tra-
ditional” cardiovascular risk factors [4,5]. Indeed, literature evidence
shows that CVD risk factors such as high blood pressure [6], T2D [7,8],
insulin resistance [9,10] and dyslipidemia [11] are still underdiagnosed
and undertreated in RA patients. Amongst emerging CVD risk factors,
an important role is played by endothelial dysfunction, a measurable
phenomenon independently predictive of cardiovascular events in the
general population [12]. Indeed, the endothelium is the main regulator
of vascular homoeostasis and is essential in maintaining control of ar-
terial tone, coagulation status, and smooth muscle cells proliferation
[13]. Conversely, endothelial dysfunction is a condition characterized

by an imbalance between vasodilating mediators with anti-mitogenic
and anti-thrombogenic activity such as nitric oxide (NO) and prosta-
cyclin, and vasoconstricting mediators with prothrombotic, pro-
liferative effects such as endothelin-1 (ET-1) [14,15]. Injury to the
vascular endothelium is the preliminary event in most vascular dis-
orders, leading to arterial stiffening [16], subclinical atherosclerosis
and culminating in a full-blown arterial disease [17]. An impaired en-
dothelial function has been largely demonstrated in RA patients [18]
and represents a powerful contributor to the progression of athero-
sclerosis in this population [19].

Several techniques have been developed for the invasive and non-
invasive assessment of individual aspects of vascular function in hu-
mans. Endothelial function is evaluated mainly by quantifying the
vascular response to pharmacological or physical stimuli (i.e. acet-
ylcholine, experimental ischemia). To date, flow-mediated dilatation
(FMD), venous occlusion plethysmography (VOP), and laser-Doppler
iontophoresis (LDI) have been largely validated in clinical studies,
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although each technique has advantages and disadvantages [15]. On
the other side, the elastic properties of the arterial wall (arterial stiff-
ness) are best evaluated using non-invasive measures such as pulse
wave velocity (PWV) [20] or peripheral arterial tonometry (PAT) [21];
while the most used surrogate of subclinical atherosclerosis is the
measurement of carotid artery intima-media thickness (cIMT) [22].

Inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α)
have a well-recognized role in RA pathogenesis [23,24]. Similarly, pre-
clinical and clinical evidence support the role of TNF-α in athero-
sclerosis. Higher circulating levels of TNF-α are detectable in CVD pa-
tients and TNF-α itself is able to directly impair endothelial function by
reducing NO-synthase expression and triggering NF-κB activation and
reactive oxygen species accumulation in endothelial cells [25]. Anti-
TNF-α therapy [26], now a cornerstone of RA treatment together with
other biologic agents, has been demonstrated to improve cardiovascular
outcomes and to reduce several cardiovascular risk factors [27–30],
including endothelial dysfunction [31].

In the last years, the therapeutic armamentarium against RA has
been enriched with the approval of additional biologic agents (abata-
cept, anakinra, rituximab, tocilizumab) and, more recently, small mo-
lecules (tofacitinib, baricitinib). Similarly to what already observed for
TNF inhibitors (TNFi), all non-TNF-targeted biologics have been asso-
ciated with some degree of reduction of the overall CVD risk in treated
individuals [32]. Unfortunately, little is known about the effect of these
newer medications on vascular function. Based on this background, the
main aim of the present article was to review the available evidence on
a potential effect on vascular physiology of non-TNF-targeted biologics
approved for the treatment of RA.

2. Methods

2.1. Aim of the systematic literature review

A systematic review of the literature was performed to identify the
available data on the effect on endothelial function, arterial stiffness or
subclinical atherosclerosis of non-TNF-targeted biologics licensed for
the treatment of RA.

2.2. Search strategy

MedLine (via PubMed), Cochrane Central Register of Controlled
Trials (CENTRAL) and Web of Science (WOS) databases were searched
up to August 2018. The main search in MedLine was conducted using
the string (“abatacept” OR “anakinra” OR “rituximab” OR “tocilizumab”)
AND (“atherosclerosis”[MESH] OR “vascular stiffness”[MESH] OR
“Carotid Intima-Media Thickness”[Mesh] OR “pulse wave velocity” OR
“pwv” OR “endothelial function” OR “endothelial dysfunction” OR “flow
mediated dila*” OR “FMD” OR “forearm blood flow” OR “FBF” OR “per-
ipheral arterial tonometry” OR “PAT”). The main search in WOS was
performed using the string #1 TOPIC: (abatacept) OR TOPIC: (ana-
kinra) OR TOPIC: (rituximab) OR TOPIC: (tocilizumab) and #2 TOPIC:
(atherosclerosis) OR TOPIC: (vascular stiffness) OR TOPIC: (intima
media thickness) OR TOPIC: (pulse wave velocity) OR TOPIC: (en-
dothelial function) OR TOPIC: (endothelial dysfunction) OR TOPIC:
(flow mediated dila*) OR TOPIC: (forearm blood flow) OR TOPIC:
(peripheral arterial tonometry) OR TOPIC: (IMT) OR TOPIC: (PWV) OR
TOPIC: (FMD) OR TOPIC: (FBF) OR TOPIC: (PAT).

Additionally, relevant keywords were used in different combina-
tions for free-hand search and bibliography of selected articles was
reviewed in order to improve the sensitivity of the search strategy. The
search was designed and performed by one author (FU).

2.3. Inclusion criteria and study selection

To be included in the final review, studies (full-text articles or
conference papers) had to meet the following inclusion criteria:

1) Study design: randomized controlled trial (RCT), quasi-RCT (trials
in which allocation to treatment was made by alternation, use of
alternate medical records, date of birth or other expected methods),
prospective (before-after) cohort study;

2) Population: studies involving human subjects;
3) Intervention: treatment with abatacept or anakinra or rituximab or

tocilizumab;
4) Outcome: evaluation of the effect of treatment on measures of en-

dothelial function, vascular stiffness or subclinical atherosclerosis.

In addition, we applied the following exclusion criteria: a) studies
published in language different from English; b) studies (both as a full
text or congress abstract) not reporting pre-post values or at least pre-
post comparison p values.

2.4. Study identification and data extraction

Two reviewers (FU and PR) independently screened titles and ab-
stracts of retrieved records for inclusion in the systematic review. After
screening phase, the same two reviewers independently evaluated the
remaining articles to determine eligibility according to the inclusion
and exclusion criteria. Disagreements amongst the reviewers were re-
solved by discussion with a third senior reviewer (RDG) until reaching a
final consensus. All the data related to the evaluation of the effect of
treatment on measures of endothelial function, vascular stiffness or
subclinical atherosclerosis were recorded. A detailed flowchart of the
study selection process is depicted in Fig. 1.

2.5. Reporting method

We followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines for preparing our manuscript
[http://www.prisma-statement.org/] (Supplementary Table 2).

3. Results

3.1. Search results

The search strategy initially retrieved 389 records. No additional
citations were added by hand-search of relevant articles bibliography.
After screening titles and abstracts, a total of 362 studies were excluded
because of duplicates, non-English language, review articles, preclinical
studies or clinical studies dealing with the wrong population, inter-
vention or outcome. Amongst the remaining 27 studies selected for final
examination, 16 articles were included in the systematic literature re-
view. The causes of exclusion at each step are summarized in Fig. 1. The
descriptive features of selected articles are outlined in Table 1 whereas
the main results are summarized in Table 2.

All the selected studies evaluated one or more aspects of vascular
functioning using surrogate measures of endothelial dysfunction (flow-
mediated dilatation, FMD; coronary flow reserve, CFR; laser-Doppler
flowmetry, LDF), arterial stiffness (pulse wave velocity, PWV; aug-
mentation index, AIx; cardio-ankle vascular index, CAVI) and pre-
clinical atherosclerosis (common carotid intima-media thickness,
cIMT). A synthetic description of the techniques is provided in sup-
plementary Table 1.

3.2. Abatacept

The systematic literature review retrieved 2 papers about abatacept,
a recombinant fusion protein selectively modulating the CD80/86-
CD28 co-stimulatory signal required for T-cell activation.

In a cohort study by Mathieu et al. [33], RA patients refractory to at
least two TNFi or presenting contraindications were recruited. The
authors investigated the effects of treatment with abatacept on aortic
stiffness measured by PWV on 21 patients (17 females). A significant
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improvement of PWV was observed following 6months of treatment
with abatacept (8.5 ± 3.9 vs 9.8 ± 2.9m/s, p= 0.02) [33].

In another observational longitudinal study, Provan et al. [34] as-
sessed PWV on RA patients at baseline and after 3, 6 and 12months of
treatment with abatacept, rituximab or tocilizumab. Of the 36 patients
included, 5 received abatacept, 24 rituximab and 7 tocilizumab. Due to
low number of patients in abatacept and tocilizumab groups, only data
from the rituximab patients were analyzed over the 12-month period.
However, when looking at the 6 abatacept-treated patients, no sig-
nificant within group change in PWV was reported after 3months
(0.3 ± 0.6m/s, p= 0.23) when compared with baseline values
(6.8 ± 1.2m/s) [34].

3.3. Anakinra

The systematic literature review retrieved 2 papers from the same
group about anakinra, a recombinant human IL-1 receptor antagonist.

The first paper by Ikonomidis et al. [35] assessed both the “acute”
and “chronic” effects of anakinra administration on vascular function
assessed using both FMD and PWV. To evaluate the “acute” effects, the
Authors performed a double-blind trial, in which patients with RA were
randomized to receive a single subcutaneous injection of anakinra or
placebo and, after 48 h, the alternative treatment. FMD and PWV were
assessed at baseline, before the administration of anakinra, and 3 h after
the injection. Analyzing the results of the first phase which enrolled 23
patients (17 females), FMD increased after treatment with anakinra
(5.3% ± 3.0 vs 9.7% ± 3.3, p < 0.001) whereas it decreased after
placebo (5.3% ± 3.0 vs 4.8% ± 2.7, p= 0.9). Conversely, PWV did
not change nor after anakinra (9.4 ± 2.8 vs 9.5 ± 2.7m/s, p= 0.7)
or placebo (9.4 ± 2.8 vs 9.3 ± 2.4m/s, p= 0.9). In the second phase
of the study, the “chronic” effects of anakinra on vascular function were
assessed in a 30–day non-randomized trial including 23 patients treated
with anakinra and 19 patients treated with prednisolone. In anakinra-
treated patients, FMD increased (5.3% ± 3.0 vs 10.5% ± 4.1,

p < 0.001) whereas no improvement was observed in prednisone-
treated patients (5.0% ± 1.9 vs 4.3% ± 1.6, p= 0.25). Conversely,
PWV did not change nor after anakinra (9.4 ± 2.8 vs 9.5 ± 2.7m/s,
p= 0.7) or prednisone (9.8 ± 1.8 vs 9.6 ± 2.6m/s, p= 0.7) [35].

In another double-blind crossover trial [36], the same Authors in-
vestigated the effects of anakinra on coronary artery endothelial func-
tion. Eighty RA patients treated with synthetic disease-modifying an-
tirheumatic drugs (sDMARDs) were randomized to a single injection of
anakinra or placebo and after 48 h of the alternative treatment; FMD
and coronary flow reserve (CFR) were performed at baseline and 3 h
after treatment. After treatment with anakinra, the Authors reported a
significant improvement in FMD (4.2% ± 1.5 vs 9.7% ± 2.4,
p < 0.05) and CFR (2.1 ± 0.6 vs 2.9 ± 0.8, p < 0.05) [36].

3.4. Rituximab

The vascular effects of rituximab, a chimeric monoclonal antibody
against CD20, were investigated in different articles identified through
the search strategy.

Gonzalez-Juanatey et al. [37] investigated the effect of rituximab on
endothelial function in six patients with RA previously treated with
synthetic DMARDs and TNFi. An early improvement of FMD was ob-
served after 2 weeks (3.35% ± 1.58 vs 7.02% ± 2.31, p=0.03); the
result was maintained in all treated patients (3.35% ± 1.58 vs
7.66% ± 1.73, p=0.03) after 6months [37].

In a study by Kerekes et al. [38], the effects of rituximab on FMD
and common carotid intima–medial thickness (cIMT) were investigated
in 5 RA patients treated with rituximab, before the treatment and at
weeks 2, 6, and 16. Treatment with rituximab significantly improved
FMD at week 16 (3.92% ± 1.47 vs 7.24% ± 3.35, p=0.02). A pro-
gressive increase of this parameter was observed during the follow-up,
with an improvement in FMD of 30%, 22%, and 81% at weeks 2, 6, and
16, respectively. Conversely, although a trend toward reduction was
observed during the follow-up, no significant changes of cIMT was

Records identified through
database search

N =  389

Records screened
N = 389

Full-text articles assessed for eligibility 
N = 27

Records Excluded:
Duplicated (62); Foreign language (7); 
Abstract only (30); Wrong publication type 
(137); Background article (35); Wrong 
population (85); Wrong intervention (1); 
Wrong outcome (5) 

Full-text articles excluded:
Wrong treatment (1); Non evaluated 
vascular physiology (9); No pre-post data 
reported (1)

Studies included
N = 16

Additional records identified
through other sources (reviews, 
bibliographies of selected articles)

N = 0

Fig. 1. Study selection flow-chart. The process of studies selection is synthetized. Causes of exclusion at each step are reported (in parentheses the number of studies
excluded for each individual cause).
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reported (0.64 ± 0.11 vs 0.63 ± 0.07mm, p= 0.39) [38].
Mathieu et al. [39] investigated arterial stiffness, assessed by PWV

and AIx in 33 RA patients undergoing treatment with rituximab, after 6
and 12months. After treatment with rituximab, no change was reported
in PWV neither after 6 or 12months (baseline: 8.1 ± 3.1, 6months:
8.1 ± 2.8, 12months 8.0 ± 2.7m/s, p= 0.924). Similarly, no change
in AIx was reported (baseline: 30.4% ± 8.2, 6months: 28.6% ± 7.6,
12 months: 29.4 ± 6.7, p=0.216) [39].

Hsue et al. [40] performed an observational study to investigate the
effects of treatment with rituximab on FMD and cIMT in 20 RA patients
previously treated with sDMARDs and TNFi. After treatment with ri-
tuximab, FMD improved at week 12 (4.5% ± 0.4 vs 6.4% ± 0.6,
p < 0.0001), followed by a decline at week 24 (4.5% ± 0.4 vs
5.2% ± 0.6, p=0.25). In these cohort, the Authors did not observe an
improvement of mean cIMT from baseline to week 24 (0.97 ± 0.06 vs
0.98 ± 0.06mm, p= 0.89) [40].

In an observational study, Benucci et al. [41] assessed FMD and
cIMT in 38 RA previously treated with sDMARDs and TNFi, before and
after treatment with rituximab. The results showed an improvement of
FMD (5.24% ± 1.12 vs 5.43 ± 1.16, p=0.03) and a non-significant
change in cIMT (0.69 ± 0.16 vs 0.67 ± 0.12mm, p=0.25) after
24months of follow-up [41].

In the observational study by Meshcherina et al. [42], vasomotor
endothelial function was evaluated by a proprietary photo-
plethysmography device (AngioScan-01, AngioScan-Electronics,
Russia), before and after 12months of treatment with rituximab in 77
RA patients of which 39 treated with rituximab. The authors analyzed
separately seropositive and seronegative patients: the first group con-
sisted of 22 patients with median age of 40.1 years (36.8–47.3), the
second group comprised 17 patients with median age of 34.5 years
(28.1–48.5). No significant baseline differences were reported between
these groups. Furthermore, the Authors also assessed 46 healthy con-
trols with median age of 38.6 years (32.1–47.8). RA patients showed
signs of endothelial dysfunction in micro- and macro-circulatory vas-
culature, including the decrease of occlusion index in amplitude and the
value of phase shift between the channels after a reactive hyperemia
test. After 12months, both groups of patients showed an increase of
occlusion index in amplitude up to the control values; as compared with
the baseline values, the phase shift between the channels increased on
average by 1.6 times (p= 0.0024) during treatment with rituximab.
The occlusion index in amplitude increased by 23.5% by 48.8%
(p=0.001) during rituximab treatment [42].

In the previously mentioned study by Provan et al. [34] the Authors
assessed PWV in RA patients treated with different biologics, including
24 individuals undergoing treatment with rituximab. After 12months
of treatment, a significant within group reduction on PWV was reported
in rituximab-treated patients [estimated marginal means 7.7 (7.2–8.2)
vs 7.3 (6.8–7.9) m/s, p= 0.04] [34].

Novikova et al. [43] assessed the effects of rituximab on arterial
stiffness and cIMT in RA by a 6-month observational study. The study
assessed 55 female patients previously treated with sDMARDs and
TNFi. Based on the European League Against Rheumatism (EULAR)
criteria, patients were categorized into two groups: 1) moderate/good
response to rituximab (41 patients, 75%), no response to rituximab (14
patients, 25%). Treatment with rituximab led to the improvement of
elastic properties of the arterial walls in group 1 due to the decreased
stiffness in major arteries (SI–decreased by 57%) and arterioles (RI–-
decreased by 24%) and the rate of “very stiff” arteries reduced 3.5 times
in group 1. The Authors further reported a 9% decrease of cIMT in this
group after 6months. On the contrary, in group 2, no significant
changes were observed in any of the aforementioned vascular indexes
[43].

3.5. Tocilizumab

The effects of treatment with tocilizumab, an anti-IL-6 receptor

antibody, on vascular function were investigated in 6 works retrieved
by the systematic literature review.

Kume et al. [44] assessed the effects of monotherapy with tocili-
zumab and with TNFi on arterial stiffness in 64 RA (22 treated with
tocilizumab) in an open-label, 6-month, randomized controlled trial.
The arterial stiffness was evaluated by using both cardio-ankle vascular
index (CAVI) and aortic augmentation index normalized to a fixed heart
rate of 75 bpm (AIx@75). The Authors also investigated cIMT and the
presence of carotid artery plaques. In tocilizumab-treated patients, a
significant improvement in CAVI was reported after 6months
(0.85 ± 0.15m/s, p= 0.02) when compared with baseline values
(10.72 ± 1.22m/s). The Authors also observed a significant reduction
of AIx@75 after 6months (3.59% ± 0.33%, p=0.03) when compared
with baseline values (38.1% ± 5.4). On the other hand, no change was
observed regarding cIMT and carotid artery plaques. Similar results
were also observed after treatment with TNFi, without any significant
difference when comparing the different treatment arms.

In a 6-month non-randomized prospective pilot study, Protogerou
et al. [45] investigated the possible vascular effects of treatment with
tocilizumab by analyzing FMD and PWV. The study assessed 16 female
patients, and showed a significant increase in FMD after 6months
(3.3% ± 0.8 vs 5.2% ± 1.9, p=0.003), whereas PWV significantly
decreased (8.2 ± 1.2 vs 7.0 ± 1.0m/s, p < 0.001) [45].

In a randomized, multicenter, two-part, phase III trial (24-week
double-blind, 80-week open-label), McInnes et al. [46] evaluated vas-
cular function by PWV in RA patients before and after treatment with
tocilizumab. In this study, 69 individuals were randomized to receive
tocilizumab and 63 to receive placebo. PWV decreases were greater
with placebo than tocilizumab at 12 weeks (adjusted mean difference
0.79m/s, p= 0.0067). However, this group difference was not sus-
tained to week 24 (−0.47 vs −0.17m/s, adjusted mean difference
0.30m/s, p= 0.30) [46].

In the previously mentioned study by Provan et al. [46], 7 patients
underwent treatment with tocilizumab. After 3months of treatment, no
significant within group change in PWV was reported (−0.9 ± 1.0m/
s, p= 0.03) when compared with baseline values (7.8 ± 1.6m/s).

Ruiz-Limon et al. [47] assessed microvascular function by laser
Doppler flowmetry in 20 RA patients, before and after treatment with
tocilizumab in a 6-month observational single-arm study. After
6months of treatment with tocilizumab, endothelial function (eval-
uated by Laser Doppler measurement of post-ischemic reactive hyper-
emia) significantly improved. The Authors reported an improvement of
the highest perfusion value after the occlusion was released (peak flow
71.23 ± 6.06 vs 87.17 ± 10.10, p= 0.010) as well as an improve-
ment of hyperemic area (2314.03 ± 300.73 vs 3846.54 ± 575.64,
p=0.041) [47].

Bacchiega et al. [48] performed a prospective community-based
clinical study to investigate the effects of different treatments on FMD
in 60 RA patients, of which 17 were selected to be treated with tocili-
zumab. An improvement in FMD was observed after 16 weeks of
treatment with tocilizumab [3.43% (1.28–5.58) vs 5.96% (3.95–7.97),
p= 0.03] [48].

4. Discussion

Endothelial function and elastic properties are interrelated aspects
of normal arterial functioning; on the other side, their impairment
(endothelial dysfunction and arterial stiffening, respectively) represents
an early event in the natural history of atherosclerosis [49]. Both
phenomena can be detected using non-invasive techniques several
years before structural changes of the vessel wall – even preclinical such
as increased cIMT – become apparent on ultrasound. Furthermore,
endothelial dysfunction and arterial stiffness are mainly “functional”
abnormalities that can be reverted, at least partially, by pharmacolo-
gical intervention with hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors or angiotensin converting enzyme inhibitors
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(ACEi) [50]. For these reasons, early vascular dysfunction represents an
attractive additional target in a comprehensive RA treatment plan,
aimed at reducing RA-associated CVD. In this context, TNFi have been
already demonstrated to improve endothelial function in RA patients
[31].

The results of our systematic literature review show that also non-
TNF-targeted biologics may ameliorate vascular dysfunction in patients
with RA. Although with a different degree and strength of evidence,
abatacept, anakinra, rituximab and tocilizumab have been all asso-
ciated with an improvement of vascular endothelium-dependent vaso-
dilatation and/or arterial stiffness in individual studies. Conversely, our
systematic review failed to demonstrate any significant improvement of
established structural abnormalities associated with subclinical ather-
osclerosis (e.g. cIMT) that, however, represent a later stage in the
continuum of atherogenesis.

In RA, the inflammatory process leads to an impairment of en-
dothelial function as a consequence of an increased nitro-oxidative
stress and release of vasoconstrictive mediators, suggesting a potential
role of immunosuppressive drugs in restoring the physiological func-
tioning [51–53]. On this basis, many of the included studies have used
FMD, a surrogate marker of endothelium-dependent vasodilatation, to
evaluate the vascular effects of individual therapeutic agents. Interest-
ingly, non-TNF-targeted biologics improved FMD, confirming that an-
tagonizing the inflammatory process could have a beneficial effect on
endothelial dysfunction independently on the immunological me-
chanism exploited, contributing to the reduce the risk of developing
CVD [54]. In fact, it has been reported that early endothelial dysfunc-
tion, measured by FMD, precedes the clinical atherosclerosis with a
more marked dysfunction associated with a more accelerated athero-
sclerotic process during the disease [55–57].

Furthermore, our systematic review suggests a potential role of non-
TNF-targeted biologics on arterial stiffness. Compared with endothelial
function, however, the effect on arterial stiffness was less consistent
across studies reflecting an intrinsic complexity in assessing the elastic
properties of the arterial wall and a marked heterogeneity between
evaluated populations. Despite these limitations, abnormal stiffening of
the arterial wall evaluated by means of PWV represents a well-estab-
lished independent predictor of CVD in the general population [58,59]
and also in RA patients, where it has been shown to predict CVD with a
hazard ratio of 1.85 per unit (m/s) of increase in PWV [60]. If further
confirmed in other studies, the improvement of PWV could be another
possible explanation of the reduction in the development of CVD
[58,59].

In our systematic review, we also investigated the effects of non-
TNF-targeted biologics on measures of subclinical atherosclerosis. The
ultrastructure of large arteries, such as carotids, can be easily evaluated
using ultrasonography with cIMT being considered the most reliable
marker of subclinical atherosclerosis, exhibiting a strong correlation
with the presence of atherosclerosis in other districts and a good pre-
dictive value for incident CVD [61,62]. The usefulness of cIMT in CVD
risk assessment has been consistently confirmed in RA patients [63].
Despite their vasoprotective role above mentioned, the results of our
systematic review showed no or little effect of non-TNF-targeted bio-
logics on cIMT. However, cIMT expresses the hypertrophy of intimal or
medial layers (or both) and it is considered a fixed structural alteration
of the arterial wall, in which non-inflammatory mechanisms play a
pivotal role [64,65]. Given that, it is somewhat expected that the ad-
ministration of immunomodulating agents may not be sufficient to in-
duce regression of such an anatomical abnormality. However, it should
also be noted that the short follow-up of the included studies could not
be sufficient to fully disclose a slower effect of such medications
[64,65] and future studies with a longer follow-up are eagerly awaited
to clarify this issue.

Globally taken, the results of our systematic literature review sup-
port the hypothesis that non-TNF-targeted biologics may provide si-
milar benefits to those observed with TNFi on cardiovascular

dysfunction [31] as already proposed for RA-associated metabolic de-
rangement [66] and suggest that the optimal control of systemic in-
flammation is an efficacious strategy for modifying CVD burden in its
preclinical phases thus improving the long-term outcome of these pa-
tients.

Despite providing a comprehensive synthesis of the current avail-
able literature, our study has major limitations and all the results
should be cautiously generalized. The main limitation of our systematic
literature review is related to the poor methodological quality of most
of the included studies. In fact, most studies were not RCTs, making
comparison difficult. In addition, the results of individual studies are
potentially influenced by the difficulties in standardization of the re-
ported techniques, limiting the assessment of endothelial dysfunction in
estimating CVD in real life clinical settings [67]. However, it must be
pointed out that only non-invasive techniques could be routinely used
due to the risk of complications and costs of the invasive techniques. On
these bases, future studies are needed to develop new diagnostic non-
invasive techniques to easily and cost-effectively identify early ather-
osclerosis in RA patients [68,69].

5. Conclusions

In conclusion, the results of our systematic literature review suggest
that the optimal control of systemic inflammation with non-TNF tar-
geted biologics may represent an efficacious strategy for improving
endothelial dysfunction associated with RA and thus contributing to
improve the long-term outcome of these patients.
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