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Abstract: Background: Janus kinase (JAK) inhibitors constitute a novel class of oral biologic disease-
modifying antirheumatic drugs for patients with rheumatoid arthritis (RA). However, their use
has been associated with increased risk of major cardiovascular events. We investigated whether
treatment with JAK inhibitors exerts significant alterations in the micro- and microvasculature in RA
patients. Methods: Thirteen patients with RA initiating treatment with JAK inhibitors were prospec-
tively studied. Eventually, data from 11 patients who completed the study were analyzed. Procedures
were performed at baseline and 3 months after treatment. Nailfold videocapillaroscopy was applied
to detect alterations of the dermal capillary network. Participants underwent 24 h ambulatory blood
pressure monitoring (Mobil-O-Graph device) for the assessment of blood pressure (both brachial
and aortic) and markers of large artery stiffening [pulse wave velocity (PWV), augmentation index]
throughout the whole 24 h and the respective day- and nighttime periods. Carotid intima–media
thickness was assessed with ultrasound. Results: Three-month treatment with JAK inhibitors was
not associated with any differences in brachial and aortic blood pressure, arterial stiffness, and
carotid atherosclerosis, with the only exception of nighttime PWV, which was significantly elevated
at follow-up. However, three-month treatment with JAK inhibitors induced significant microvascular
alterations and increased the total number of capillaroscopic abnormalities. Conclusions: Three-
month treatment with JAK inhibitors may exert significant effects on microcirculation as assessed
with nailfold videocapillaroscopy, whereas macrovascular structure and function appears largely
unaffected. Further research toward this direction may add substantial information to the available
literature regarding cardiovascular aspects of JAK inhibitors in RA.

Keywords: rheumatoid arthritis; Janus kinase inhibitors; arterial stiffness; carotid atherosclerosis;
nailfold videocapillaroscopy
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1. Introduction

RA is an immune-mediated systemic disease characterized by synovial inflammation
and hypertrophy. The activation of T-cells represents the initial event culminating in the
secretion of soluble cytokines, which interact with several immune cells: namely, B-cells,
macrophage and fibroblast-like synovial cells, all of which aberrantly produce inflammatory
cytokines such as tumor necrosis factor-a, interleukin-1, intrleukin-6 and other mediators
of inflammation [1]. Such cytokines further enhance the proliferation and differentiation
of activated cells, leading to the propagation of both local and systemic inflammation
accompanied by joint damage, debilitating chronic pain, and impaired functioning as well
as vascular and endothelial injury. In that respect, the primary objective of RA treatment
with conventional, biologic and synthetic targeted disease modifying drugs targeting the
attenuation of inflammatory process is to preserve joint function and reduce the long-term
effects of systemic inflammation. Modern treatment strategies suggest the introduction
of anti-cytokine therapy: for example, tumor necrosis factor or interleukin-6 inhibitors in
RA individuals without adequate response to conventional disease-modifying drugs have
shown beneficial effects in suppressing systemic inflammation and restoring functional
status [2]. JAK inhibitors are a new class of targeted therapies which have demonstrated
very good efficacy in achieving low disease activity and/or remission in RA [3,4]. While
multiple extra-articular manifestations and comorbidities are associated with RA, the
increased cardiovascular burden is considered inherent to the disease and represents a
leading cause of death in RA, as it is amplified by as much as 50% compared to the general
population [5].

A large body of evidence indicates that microvascular endothelial dysfunction is the
earliest precursor in the progression of cardiovascular disease (CVD), as it precedes and
predicts the development of conduit artery atherosclerosis and related clinical manifesta-
tions [6]. At the same time, the increased prevalence of traditional CVD risk factors such as
hypertension further drives CVD risk in RA patients. Overall, a complex interplay between
chronic inflammation, the accumulation of traditional cardiovascular risk factors and the
effects of antirheumatic treatment modalities is considered to form the pathophysiological
basis of vascular dysfunction, atherosclerosis and related cardiovascular complications in
RA [7]. With regard to pharmaceutical treatment, the vascular effects of cornerstone RA
treatments such as corticosteroids or disease-modifying antirheumatic drugs (DMARDS)
have been extensively studied. In contrast, further investigation is needed regarding the
CVD profile of newly emerging therapeutic categories approved for the management of
RA, such as Janus kinase inhibitors (JAKs) [8].

JAK inhibitors are small-molecule drugs with good long-term efficacy for RA treat-
ment. Classified as biological DMARDs, they uniquely offer patients an oral route of
administration through their ability to pass the lipid bilayer of the cellular membrane
offering [9]. However, major safety concerns have been raised regarding the increased
risk of CVD and thromboembolic events associated with their use [10]. Remarkably, no
apparent mechanism of action has been proven to mediate this safety signal [11]. It could be
hypothesized that JAK inhibition adversely affects CVD risk factors such as blood pressure,
or that it exerts direct effects on the micro- microvasculature, eventually leading to the
establishment of overt CVD complications.

Hence, the present study aimed to investigate whether treatment with JAK inhibitors
is associated with functional and structural alterations of the micro- and macrovasculature
in patients with RA. To this end, a thorough assessment of the dermal capillary network
and several well-established markers of macrovascular morphology and function (arterial
stiffness, carotid atherosclerosis) was performed at baseline and within 3 months’ time
following the initiation of JAK inhibitors.

2. Methods

The study design and setting have been described in detail elsewhere [12]. Briefly,
this prospective observational study enrolled adult patients with RA who were eligible
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for treatment with JAK inhibitors (tofacitinib, baricitinib or upadacitinib) for the first time
based on international recommendations (European League Against Rheumatism and
America College of Rheumatology, EULAR 2020) [13]. Exclusion criteria included the
inability to understand and sign the informed consent, previous exposure to JAK inhibitors,
concomitant active malignancy or any other disease with poor prognosis, recent CVD
event (myocardial infarction, unstable angina, stroke) within the past 6 months, and stage
III–IV heart failure according to the New York Heart Association (NYHA) criteria [14].
The immunosuppressive drugs were prescribed as per indication and relevant approved
dose (for example, 15 mg daily for upatacitinib, 5 mg bd for tofacitinib and 5 mg daily
for baricitinib). Before the initiation of JAK inhibitors, all patients underwent a baseline
assessment of medical history and current medical treatment, anthropometric measure-
ments, blood pressure recording, clinical examination and assessment of disease severity
with calculation of DAS28 (Disease Activity Score in 28 joints). All procedures and vascular
assessments were performed before the initiation of JAK inhibitors and were repeated
3 months following the baseline visit, whilst the patients were under treatment with JAK
inhibitors. The study was approved from the Aristotle University Ethics Committee and the
Hippokration General Hospital Scientific Board Committee, and all participants provided
written informed consent before inclusion in the study.

2.1. Study Procedures

- Nailfold videocapillaroscopy

Nailfold videocapillaroscopy was applied to non-invasively assess in vivo morpho-
logical abnormalities or disorder of the capillary architecture of the dermal microvascular
network (Optilia Digital Capillaroscope, Optilia Instruments AB, Sollentuna, Sweden). A
standardized protocol was applied with the patient seated at room temperature (22–23 ◦C),
as has been described in detail elsewhere [15,16]. Pictures were captured from the 2nd to
the 5th finger of each hand using the 200× magnification video camera, and they were fur-
ther analyzed with Optipix capillaroscopy software 1.7.x. The following parameters were
qualitatively and/or quantitatively evaluated: capillary density, defined as the number
of capillaries in the first row in 1 mm (capillaries/mm), capillary dimensions (width and
length), microhemorrhages, avascular areas, and the presence of ramified, bushy, crossed
and tortuous capillaries. These parameters were determined on each nail, and the average
of all measurements for each patient were finally calculated.

- Measurement of blood pressure, arterial stiffness and hemodynamic parameters

Current hypertension guidelines recommend 24 h ambulatory blood pressure record-
ing as the ideal method of BP monitoring [17]. All participants underwent measurements
with the Mobil-O-Graph (IEM, Stolberg, Germany), which enables the concomitant auto-
matic calculation of arterial stiffness and hemodynamic parameters at each blood pressure
measurement through central aortic waveform analysis. This device has been approved by
Food and Drug Administration (FDA) and the European Union and has been validated
according to the protocols of the European and the British Society of Hypertension [18,19].
A minimum of 70% successful readings was regarded as technically sufficient for each
recording. Blood pressure was automatically measured at 20-min intervals during the
day and at 30-min intervals during the night to obtain mean 24 h, day- and nighttime
blood pressure. Moreover, mean values of arterial stiffness [pulse wave velocity (PWV),
augmentation index (AIx)] and hemodynamic parameters [central (aortic) blood pres-
sure] were obtained throughout the whole 24 h, day- and nighttime period and used in
the analysis.

- Carotid atherosclerosis

Carotid intima–media thickness (cIMT) was measured as a well-acknowledged index
of carotid atherosclerosis and a surrogate measure of atherosclerotic CVD. cIMT was
calculated from longitudinal images obtained with ultrasound (Aloka Pro Sound A7,
Ultrasound System, Tokyo, Japan) in the far wall of the distal 10 mm of each artery. Briefly,
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cIMT measurement was performed in a region free of plaque where there is a standard
double-line pattern. The sections of the arterial walls were evaluated in a longitudinal view,
strictly perpendicular to the ultrasound beam, with both walls being visible to achieve
diameter measurements, and cIMT was measured on the proximal vessel wall.

- Blood tests

Routine blood tests were performed for the evaluation of hematological and bio-
chemical parameters (glucose, lipids, renal function, uric acid) and inflammatory markers
[erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)].

2.2. Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA software, version 22. Descriptive statistical tests were used
to present the cohort main characteristics. The Shapiro–Wilk normality test was used to
evaluate the distribution of quantitative variables. Normally distributed variables were
expressed as mean ± standard deviation (SD), while non-normal variables were described
as median values (interquartile range). Categorical variables were presented as frequencies
and percentages. Differences in outcomes from baseline to three months after treatment
were evaluated with the parametric paired-samples t-test or the non-parametric Wilcoxon
signed-rank test, according to the normality of the data distribution. A probability value of
p ≤ 0.05 was considered statistically significant.

3. Results

Thirteen patients with RA treated with JAK inhibitors as per the treating physician
decision were enrolled. Eventually, two patients dropped out before the end of the study,
and 11 patients who completed the study were included in data analysis. Characteristics
of the 11 patients who were eligible for further data analysis are presented in Table 1. Of
them, five patients were prescribed upadacitinib, four patients were prescribed baricitinib
and two patients were prescribed tofacitinib at the beginning of the study, as per the
treating physician’s decision. Of the three patients previously under biologics, two had
been receiving etanercept and one had been receiving adalimumab before switching to JAK
inhibitors. A washout of two weeks was applied for the three patients under etanercept or
adalimumab, which is expected to cover the half-life of both drugs. We confirm that the
baseline characteristics of the two dropouts did not significantly differ from those of the 11
included patients (data not shown).

- Effects of JAK inhibitors on hematological parameters

As presented in Table 2, routine hematological parameters, inflammatory markers,
metabolic profile and renal function did not change from baseline with the only exception
of triglycerides, which significantly decreased three months following treatment.

- Effects of JAK inhibitors on peripheral and central hemodynamics

Office blood pressure did not change during treatment with JAK inhibitors, and
the same was observed for both peripheral (brachial) and central (aortic) blood pressure
assessed throughout the whole 24 h period and the respective day- and nighttime intervals
(Table 3 (a,b)).

Table 1. Patient characteristics.

JAK Inhibitors-Treated
Patients (n = 11)

Age (years) 55.0 ± 6.3
Female/male ratio 9:2
Disease duration (months) 160.4 ± 88.2
BMI (kg/m2) 25.7 ± 4.4
Current smoking, n % 7 (63.6)
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Table 1. Cont.

JAK Inhibitors-Treated
Patients (n = 11)

Hypertension, n (%) 3 (27.3)
Dyslipidemia, n (%) 3 (27.3)
DAS28 3.8 ± 0.7
RF positivity, n (%) 3 (27.3)
Anti-CCP positivity, n (%) 8 (72.7)
Antirheumatic medication

Methotrexate, n (%) 4 (36.4)
Corticosteroids, n (%) 5 (45.5)

Biologics, n (%) 3 (27.3)
Cardiovascular drugs

RAAS inhibitors, n (%) 3 (27.3)
Calcium channel blockers, n (%) 1 (9.1)

Beta blockers, n (%) 1 (9.1)
Diuretics, n (%) 2 (18.2)

Statins, n (%) 3 (27.3)
JAK: Janus kinase; BMI: body mass index; DAS28: disease activity score in 28 joints; RF: rheumatoid factor;
anti-CCP: anti-cyclic citrullinated peptides; RAAS: renin–angiotensin–aldosterone system. Continuous variables
are presented as mean ± SD according to normality tests.

Table 2. Changes in routine and disease-related laboratory measurements from baseline following
three-month treatment with JAK inhibitors.

JAK Inhibitors-Treated Patients

Baseline Follow-Up p Value

ESR (mm/h) 22.5 ± 8.4 18.0 ± 10.4 0.316

CRP (mg/L) 2.0 (6.5) 2.0 (2.7) 1.000

WBC 103/µL 7.9 ± 2.7 7.1 ± 2.3 0.311

Hematocrit (%) 38.8 ± 3.0 38.2 ± 2.2 0.527

Hemoglobin (g/dL) 12.9 ± 1.1 12.8 ± 0.7 0.612

Platelets (103/µL) 278.4 ± 53.9 278.7 ± 49.5 0.973

Urea (mg/dL) 36.1 ± 12.3 37.9 ± 11.7 0.497

Creatinine (mg/dL) 0.77 ± 0.16 0.81 ± 0.11 0.109

Uric acid (mg/dL) 4.6 ± 1.4 4.9 ± 1.2 0.365

Glucose (mg/dL) 87 (14) 92 (17) 0.283

HDL-C (mg/dL) 59.4 ± 16.6 62.9 ± 20.5 0.318

LDL (mg/dL) 119.9 ± 30.8 126.0 ± 34.7 0.405

Total cholesterol (mg/dL) 195 (13) 195 (58) 0.859

Triglycerides (mg/dL) 125.8 ± 46.6 98.0 ± 32.7 0.020
JAK: Janus kinase; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: white blood cells; HDL-
C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; Continuous variables are
presented as mean ± SD or median (interquartile range) according to normality tests.

Table 3. Changes in (a) blood pressure measurements, (b) central hemodynamics, (c) arterial stiffness
and (d) carotid atherosclerosis, from baseline following three-month treatment with JAK inhibitors.

JAK Inhibitors-Treated Patients

Baseline Follow-Up p Value

(a) Brachial blood pressure measurements

Office SBP (mmHg) 132.6 ± 20.7 133.0 ± 18.2 0.931
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Table 3. Cont.

JAK Inhibitors-Treated Patients

Baseline Follow-Up p Value

Office DBP (mmHg) 80.4 ± 9.8 80.7 ± 8.4 0.899

24 h SBP (mmHg) 116.9 ± 14.7 117.5 ± 14.7 0.860

24 h DBP (mmHg) 75.8 ± 11.3 73.6 ± 7.8 0.524

Daytime SBP (mmHg) 119.2 ± 14.9 120.4 ± 6.7 0.711

Daytime DBP (mmHg) 78.2 ± 12.2 76.6 ± 8.3 0.655

Nighttime SBP (mmHg) 110.3 ± 14.7 111.0 ± 9.6 0.854

Nighttime DBP (mmHg) 69.0 ± 9.7 66.6 ± 7.6 0.531

(b) Central hemodynamics

24 h aortic SBP (mmHg) 117.9 ± 14.8 120.4 ± 8.9 0.554

24 h aortic DBP (mmHg) 76.4 ± 11.1 74.4 ± 8.1 0.596

Daytime aortic SBP (mmHg) 118.0 ± 14.1 121.6 ± 8.5 0.321

Daytime aortic DBP (mmHg) 78.6 ± 11.8 77.6 ± 8.8 0.793

Nighttime aortic SBP (mmHg) 110.3 ± 14.7 111.0 ± 9.6 0.685

Nighttime aortic DBP (mmHg) 69.0 ± 9.7 66.6 ± 7.6 0.473

(c) Arterial stiffness

24 h PWV (m/s) 7.4 ± 0.7 7.7 ± 1.0 0.086

Daytime PWV (m/s) 7.5 ± 0.7 7.8 ± 1.0 0.105

Nighttime PWV (m/s) 7.2 ± 0.7 7.6 ± 1.0 0.017

24 h AIx (%) 24.5 ± 6.6 26.9 ± 6.7 0.223

Daytime AIx (%) 25.1 ± 6.3 26.6 ± 6.1 0.451

Nighttime AIx (%) 22.5 ± 8.8 28.3 ± 10.2 0.059

(d) Carotid atherosclerosis

IMT, right carotid artery (mm) 0.60 ± 0.11 0.61 ± 0.11 0.801

IMT, left carotid artery (mm) 0.64 ± 0.19 0.69 ± 0.17 0.301

Mean carotid IMT (mm) 0.62 ± 0.15 0.65 ± 0.14 0.471
JAK: Janus kinase; SBP: systolic blood pressure; DBP: diastolic blood pressure; PWV: pulse wave velocity; AIX:
augmentation index; IMT: intima–media thickness; continuous variables are presented as mean ± SD according
to normality tests.

- Effects of JAK inhibitors on macrovascular parameters

Changes in measures of macrovascular morphology and function are presented in
Table 3. Both measures of arterial stiffness (PWV and AIx) remained unchanged over
treatment, as assessed throughout the whole 24 h period and the respective day- and
nighttime windows. The only exception was nighttime PWV, which significantly increased
after three months (Table 3 (c)). Likewise, there was no difference in cIMT between
3 months and baseline (Table 3 (d)).

- Effects of JAK inhibitors on microvascular capillaroscopic parameters

Contrary to markers of macrovascular pathology, several capillaroscopic parameters
were affected from therapy with JAK inhibitors. More specifically, treatment with JAK
inhibitors significantly decreased venous limb, apical width and capillary length, and
increased the number of ramified capillaries and the total number of abnormalities. Changes
in microvascular capillaroscopic parameters from baseline to three months are presented in
detail in Table 4.
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Table 4. Changes in capillaroscopic parameters from baseline following three-month treatment with
JAK inhibitors.

Baseline Follow-Up p Value

Capillary density (n/mm2) 9.0 (2.0) 9.5 (1.0) 0.763

Avascular areas, n (%) 3 (27.3) 6 (54.5) 0.375

Capillary width (µm) 31.0 (9.5) 33.3 (5.4) 0.214

Arterial limb (µm) 10.6 ± 2.1 10.7 ± 1.3 0.970

Venous limb (µm) 12.5 ± 2.1 11.4 ± 1.6 0.047

Apical width (µm) 28.5 ± 4.7 25.5 ± 2.9 0.044

Capillary length (µm) 164.8 ± 53.8 133.4 ± 41.5 0.028

Internal diameter 13.2 ± 2.2 13.3 ± 2.0 0.849

Microhemorrhages, n (%) 2 (18.2) 0 (0) 0.500

Ramified capillaries
(loops/mm2) 0.5 (1.0) 1 (1) 0.020

Bushy capillaries (loops/mm2) 0 (0) 0 (0) 0.564

Tortuous capillaries
(loops/mm2) 1 (1) 2 (1) 0.214

Crossed capillaries (n/mm2) 2 (1) 2 (2) 0.157

Subpapillary venous plexus, n
(%) 5 (45.5) 5 (45.5) 1.000

Total number of abnormalities, n 3.6 ± 1.6 5.2 ± 1.2 0.036
Continuous variables are presented as mean ± SD or median (interquartile range) according to normality tests.

4. Discussion

The present study suggests that treatment with JAK inhibitors may induce significant
alterations in microvascular capillaroscopic parameters within three months’ time. By
contrast, markers of macrovascular function and morphology, i.e., arterial stiffness and
carotid atherosclerosis, remain largely unaffected. Findings from the present study imply
that subclinical microvascular injury might mediate the adverse cardiovascular effects of
JAK inhibitors in patients with RA.

The early initiation of effective therapy in RA alleviates the inflammatory burden
and at the same time prevents further vascular damage and the emergence of adverse
CVD events [20]. The rationale for the use of JAK inhibitors in RA is supported by a solid
pathophysiological background. Inhibition of the JAK–STAT pathway is responsible for
many pathophysiological alterations due to the blockade of several cytokines and interfer-
ons (IFNs). More specifically, JAK1 is responsible for the transmission of signals by IL-6,
IL-10, IL-11, IL-19, IL-20, and IL-22, and IFN-α, IFN-β, and IFN-γ, while JAK2 activation is
responsible for the signaling of hormone-like cytokines erythropoietin, thrombopoietin,
growth hormone, GM-CSF, IL-3 and IL-5 [21]. JAK3 is primarily expressed on hematopoi-
etic cells and transmits signals from IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21 [21]. Lastly, TYK2
facilitates signaling for IL-12, IL-23 and type I IFNs [22]. Of note, experimental and preclin-
ical studies suggest that the beneficial effects of JAK inhibitors may be largely associated
with the IL-23/-17 axis, which plays a dominant role in the underlying pathogenesis of
autoimmune rheumatic disorders [6,23]. Although IL-17 does not seem directly modulated
by the JAK/STAT system [24], the function of IL-23, which is an upstream driver of IL-17A
release, is regulated by the JAK2–TYK2/STAT3–STAT4 system [25,26].

Despite their clinical efficacy, major concerns regarding cardiovascular aspects of JAK
inhibitors have been raised recently. These mainly emerge from the post hoc analysis of the
ORAL surveillance, which is a randomized, open-label, noninferiority, postauthorization,
safety end-point trial. The study revealed that RA patients with CVD risk factors receiving
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tofacitinib had a greater likelihood of experiencing CVD events compared to patients
treated with tumor necrosis factor (TNF) inhibitors [10]. Potential underlying mechanisms
remain unknown but are presumably related to the pleiotropic downstream effects of the
JAK–STAT (signal transducer and activator of transcription proteins) signaling pathway,
which may not always favor cardiovascular function. However, potential mechanisms
underlying cardiovascular impairment in patients treated with JAK inhibitors emerge
almost exclusively from experimental data [21].

In contrast, a very limited number of studies have investigated in vivo potential
cardiotoxic or vasculodestructive processes triggered by JAK inhibition in patients with
RA. Vascular effects of biologic and targeted synthetic antirheumatic drugs approved
for RA have been recently reviewed. The study concluded that although many studies
have shown a beneficial effect of biologics on vascular function and endothelial injury,
the overall impact of JAKi and rituximab remains inconclusive [27]. More specifically, a
study by Kerekes et al. investigated the effects of tofacitinib therapy in relation to vascular
function and inflammation on 30 RA patients receiving a dose of 5 mg or 10 mg twice
daily [28]. Following one year of therapy, patients had decreased IL-6, VEGF, bFGF, EGF,
PIGF, CathK and increased Gal-3 production. Furthermore, RF-seropositive patients had
higher bFGF, PlGF and NT-proBNP levels. Overall, study findings indicated that tofacitinib
therapy inhibits synovial and aortic inflammation by decreasing bFGF, PlGF and IL-6
production. The effects of tofacitinib therapy were assessed in 30 RA patients in relation
to inflammation, functional and pathological vascular changes [29]. Serum L-arginine,
L-citrulline, L-ornithine, inducible nitric oxide synthase (iNOS), asymmetric (ADMA) and
symmetric dimethylarginine (SDMA), L-N-monomethyl-arginine (L-NMMA), cysteine,
homocysteine, and methionine concentrations were assessed at baseline as well as at 6
and at 12 months of treatment. Vascular function was evaluated using brachial artery
flow-mediated vasodilation (FMD), carotid intima–media thickness (IMT) and pulse-wave
velocity (PWV) by ultrasound. Findings suggested that tofacitinib treatment improved
functional status by promoting arginine and methionine production and by suppressing
systemic inflammation.

Findings from the present study extend the above-mentioned data, as a number of
capillaroscopic parameters were affected. More specifically, nailfold videocapillaroscopy re-
vealed decreased venous capillary limb, apical width and capillary length as well as higher
frequency of ramified capillaries and total abnormalities. Nailfold videocapillaroscopy is a
useful, non-invasive method to assess the microvasculature in real time and in vivo, by iden-
tifying qualitative and quantitative capillaroscopic changes [30]. Various capillaroscopic
parameters may be affected in patients with RA [31], and their clinical significance has been
recently reviewed [32]. Definite evidence from specifically designed prospective studies
providing a direct link between alterations detected with nailfold videocapillaroscopy and
future adverse cardiovascular events is currently missing. However, the presence of such
alterations has been consistently associated with generalized vascular impairment [15,16].
Based on the results from the present study, it could be hypothesized that treatment with
JAK inhibitors in patients with RA induces relatively short-term morphological alterations
of the microvasculature, which in the long term may affect microvascular function and
promote large vessel impairment through a cross-talk between the micro- and microvas-
culature [33]. Still, the study findings need to be interpreted with caution and regarded
as hypothesis generating in the light of the small study sample. It needs to be underlined
that the clinical significance of the observed capillaroscopic alterations (decrease in venous
capillary limb, apical width and capillary length, and increase in capillary ramification) is
not fully understood. Whether these changes might be accompanied by ultimately adverse,
neutral, or even beneficial effects in terms of cardiovascular health cannot be deduced from
the present study.

On the other hand, noteworthy changes in several well-established parameters of
macrovascular function and morphology were not observed after three months of treatment,
including brachial and aortic blood pressure, arterial stiffness and carotid atherosclerosis.



Diagnostics 2024, 14, 834 9 of 11

However, it needs to be taken into account that the follow-up time might be too short
to allow for significant changes in PWV and cIMT to be detected. This is particularly
true for cIMT, whose alterations may be documented after several months or even years.
Indeed, a previous study aiming to estimate atherosclerosis progression in patients with RA
showed that after a mean of 2.8 years, the cIMT increased by 0.050 mm, p ≤ 0.001, which
corresponds to a progression rate of 0.018 mm/year [34]. On the other hand, changes in
PWV may occur sooner than changes in cIMT, but these may still need several weeks or
months to be detected. Wong et al. assessed the effects of infliximab treatment on arterial
stiffness and were able to detect changes in PWV more than a year later (at 56 weeks) yet
not at 6 months. Remarkably, cIMT did not change at all over the study period [35]. Based
on the above, it may be hard to expect any changes in either PWV or cIMT within the
three-month follow-up period of our study, and longer follow-up studies or with a control
arm receiving conventional treatment are warranted.

Strengths of the present study include a solid methodological approach that enabled
the thorough assessment of both the micro- and the macrovasculature. Reliable, well-
established markers of large artery stiffening and atherosclerosis were used, and a standard-
ized nailfold videocapillaroscopy protocol was applied that has been verified in several
previous studies. To our best knowledge, this is the first time that the effects of JAK target-
ing on the above-mentioned micro- and macrovascular markers have been analyzed in the
same study.

However, the study is limited by the small study population, and results may be
regarded as preliminary pending confirmation from further studies. Importantly, a com-
parison group was not included. Although this was beyond the scope of our study, the
inclusion of a control group would have added value to the study findings, as any observed
differences in outcomes could be more safely attributed to treatment with JAK inhibitors.
Hence, although interesting, these preliminary data have to be confirmed in future studies
using a control group. Three patients were previously prescribed biologics which have
been associated with improvements in arterial stiffness and carotid atherosclerosis [36,37],
but a two-week washout was applied before inclusion in the study. Capillaroscopic images
were reviewed by a single investigator, although at least two independent investigators
might be used to ensure inter-observer repeatability. Nevertheless, the protocol of the
study has been previously validated in several other studies from the study group. Still,
non-invasive assessment of the micro- and macrovascular is a promising approach in RA,
but it requires pre-specified methodology for the evaluation of certain parameters and the
application of a homogeneous scoring system to ensure the validity of measurements as
the international community (EULAR) did for systemic sclerosis [38]. Last but not least,
follow-up was limited to three months, and no conclusions can be made regarding the
long-term vascular effects of these drugs.

5. Conclusions

In conclusion, three-month treatment with JAK inhibitors in RA patients resulted in
altered morphological features of the dermal capillary network as detected non-invasively
with nailfold videocapillaroscopy. This finding implies that treatment with JAK inhibitors
in patients with RA induces relatively short-term morphological alterations of the microvas-
culature, which may subsequently promote altered vascular function. By contrast, JAK
inhibition was not associated with macrovascular impairment, as shown by largely unaf-
fected markers of large artery stiffening and carotid atherosclerosis. Although the present
study findings may be considered preliminary, these results suggest that JAK inhibition
may trigger microvascular dysfunction. Further prospective studies are needed to clarify
whether such microvascular alterations might contribute, at least partially, to subsequent
cardiovascular complications related to treatment with JAK inhibitors in RA.
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