Short thesis for the degree of Doctor of Philosophy (PhD)

CARDIOVACULAR AND CEREBROVASCULAR
COMORBIDITIES IN RHEUMATOID ARTHRITIS

Zso6fia Kardos, MD

Supervisor: Prof. Zoltan Szekanecz DSc

UNIVERSITY OF DEBRECEN
DOCTORAL SCHOOL OF CLINICAL MEDICINE

Debrecen, 2018



CARDIOVACULAR AND CEREBROVASCULAR
COMORBIDITIES IN RHEUMATOID ARTHRITIS

by Zséfia Kardos, MD

Supervisor: Prof. Zoltan Szekanecz DSc

Doctoral School of Clinical Medicine, University of Debrecen

Head of the Examination Committee: Prof. Zoltan Hernadi, MD, PhD, DSc

Members of the Examination Committee: Prof. Edit Bodolay, MD, PhD, DSc
1ldiké Vastagh, MD, PhD

The Examination takes place at the Library of Department of Obstetric and
Gynecology, Faculty of Medicine, University of Debrecen
on 10" Dec 2018 at 11.00 am

Reviewers: Prof. Laszl6 Kovacs, MD, PhD

Laszl6 Olah, MD, PhD, DSc

Head of the Defense Committee: Prof. Zoltan Hernadi, MD, PhD, DSc
Members of the Defense Committee: Prof. Edit Bodolay, MD, PhD, DSc
1ldiké Vastagh, MD, PhD

Prof. Laszlé Kovacs, MD, PhD
Laszlé Olah, MD, PhD, DSc

The PhD Defense takes place at the Lecture Hall of Department Internal
Medicine Part “A”, Faculty of Medicine, University of Debrecen
on 10™ Dec 2018 at 1.00 pm



1 INTRODUCTION

1.1 Accelerated atherosclerosis in rheumatoid arthritis

Chronic inflammatory rheumatic diseases, such as rheumatoid arthritis (RA),
mostly affect the joints but frequently other organ systems. RA can also damage a wide
variety of body systems, including the skin, eyes, lung, cardiovascular (CV) and even
the central nervous system. The life expectancy of patients with RA is reduced by at
least 5-7 years. Their standardized mortality ratios (SMR) are between 0.87 and 3.0.
The main causes of mortality in RA are CV and cerebrovascular diseases primarily due
to accelerated atherosclerosis associated with RA. Accelerated atherosclerosis can be

observed even in early phase of the rheumatic disease.

Atherosclerosis is a systemic and also an immune-mediated disease.
Accelerated atherosclerosis has also been designated as “autoimmune” or
“inflammatory” atherosclerosis. The sustained “high-grade” inflammation in RA patients
leads to accelerated atherosclerosis compared to general population, where
atherosclerosis is associated only with “low-grade” inflammation. C-reactive protein
(CRP) is an acute phase protein, its increased blood levels have been correlated with
the activity of systemic inflammation. Elevated CRP levels in sera are more common in
patients with RA. Moreover, CRP is an independent risk factor for atherosclerosis.

Similar immunological mechanisms have been recognized in the pathogenesis
of both accelerated atherosclerosis and arthritis. These include endothelial activation,
as well as interactions between immune cells and vascular components. During active
arthritis, inflammatory cells, such as macrophages, T- and B-cells are activated. Soluble
pro-inflammatory cytokines, chemokines are produced. These mediators are also
involved in synovial and vascular inflammation. Tumor necrosis factor-a (TNF-a) and
interleukin-6 (IL-6) are the key cytokines in the pathogenesis of RA, as well as in
vascular inflammation leading to atherosclerosis. Their serum concentrations correlated
with carotid intima-media thickness (cIMT) and CV risk. Rheumatoid factor (RF) and
anti-citrullinated peptide/protein antibody (ACPA) positivity in RA indicate more
progressive disease course. The levels of these antibodies have also been associated
with endothelial dysfunction and atherosclerosis. Fibrinogen in the vessel wall can be

also citrullinated. The release of collagen degrading enzymes, such as matrix



metalloproteinases (MMP) also play a role in damaging the cartilage and bone in RA and
in destabilization of atherosclerotic plaques. The RANK/RANKL/OPG system is also
involved in both diseases.

There are also some genetic factors associated with both RA and
atherosclerosis. RA-related HLA-DRB1*04 shared epitope alleles have also been
implicated in endothelial dysfunction and atherosclerosis. Several other non-HLA
polymorphisms were reported, which increase CV risk in patients with RA independently
from traditional risk factors.

Carotid ultrasonography and intima-media thickness (cIMT) measurement -
with or without plagque detection- are standard methods for detecting atherosclerosis.
This technique has also been included in the recent European League Against
Rheumatism (EULAR) recommendations for clinical practice. This is based on the
evidence that in RA, cIMT is increased and has been correlated with inflammatory
activity and disease duration, again, independently from traditional risk factors.

RA may be a part of the metabolic syndrome (MS). The pro-atherogenic
changes in lipid homeostasis are also quantitative and qualitative. RA has been
associated with decreased high density lipoprotein cholesterol (HDL-C) levels and the
presence of small dense low density lipoprotein (sdLDL) characterized by easy
accumulation in atherogenic plaques, as well as increased LDL oxidation (oxLDL).
Macrophages more readily ingest oxLDL and then they turn into foam cells. These cells
are characteristic cell types of the atherosclerotic lesions. HDL is also a part of the
innate immune system with its antioxidant and anti-inflammatory capacity. During
permanent low-grade inflammation, HDL becomes dysfunctional.

Well-controlled disease activity by using conventional synthetic (csDMARD) or
biologic disease-modifying antirheumatic drugs (bDMARD) can beneficially influence the
vascular states of these patients with accelerated atherosclerosis. Corticosteroids (CS)
are effective anti-inflammatory drugs, however, their atherogenic effect due to
metabolic changes is more pronounced. Methotrexate (MTX), the first-line treatment
strategy in RA with robust anti-inflammatory effects, significantly reduces CV risk in RA
patients. MTX has beneficial effect on atherosclerosis even if it otherwise elevates the
levels of homocysteine, a well-known pro-atherogenic factor. Supplementation with folic
acid can reduce this harmful effect of the drug.



Systemic inflammation in RA leads to rheumatoid cachexia, dyslipidemia, a
pro-inflammatory adipokine profile and insulin resistance. During TNF-a inhibitor
treatment these metabolic changes can improve: HDL-C increase, insulin sensitivity
improves and CRP concentrations decrease in RA patients. Moreover, anti-TNF agents

may ultimately reduce the rate of first CV events.

However, biologics may increase lipid levels because of the ,lipid paradox”
associated with RA. There may be an inverse relationship between CRP and lipids. RA
patients with high disease activity and elevated CRP levels are in a catabolic state and
may have normal or lower total cholesterol (TC) and LDL-C levels. Upon treatment with
biologics, in parallel with the normalization of CRP, lipid levels increase indicating the
more potent anti-inflammatory effect of the treatment. While TC, HDL-C and LDL-C
levels usually increase during bDMARD treatment, TC/HDL-C or LDL-C/HDL
(,Atherogenic Index”), as well as apolipoprotein-B/A1l (ApoB/ApoAl) ratios do not
change significantly. Tocilizumab (TCZ), an anti-IL-6 receptor antibody, has a more
potent lipid increasing effect, however, it decreases the level of lipoprotein(a), another

independent risk factor for atherosclerosis.

The risk management of atherosclerosis in RA is obviously complex.
Traditional risk factors are also presented in RA patients, however, systemic

inflammation may play a pivotal role in development of accelerated atherosclerosis.

1.2 Cerebrovascular diseases in rheumatoid arthritis

Accelerated atherosclerosis and increased CV comorbidity have been well-
studied among RA patients. Over the past decade, several studies and meta-analyses
evidenced a 50-60% increase in CV mortality in RA patients. RA is an independent CV

risk factor according to the European Society of Cardiology (ESC) guidelines.

An increased risk of stroke morbidity and mortality has been also associated
with RA. Cerebral ischemic diseases are the second most common vascular
consequences in RA. Nevertheless, there are fewer data on stroke in comparison to CV
diseases. Possibly, because of occurrence of cerebrovascular events is longer and often
does not cause definite symptoms. Yet, cerebrovascular mortality in RA cannot be
dismissed. In general, the risk of stroke is within the range of 1.51 and 2.13 in RA.



The two typical forms of stroke are ischemic and haemorrhagic. Ischemic
stroke is the more common. It is due to embolism or caused by a blocked artery in the
brain. Behind this phenomenon, there is usually cerebral thrombosis due to plaque
formation in the arterial wall similar to heart attack. However, cerebral vessels are
smaller than coronaries and the collateral circulation is advanced. An ischemic stroke
can be silent when it impact smaller vessels or less-functional areas of the brain. These

silent focal vascular lesions are actually far more common than strokes with symptoms.

Atherosclerosis may affect the large vessels leads to ischemic stroke. These
are more commonly in the middle cerebral artery territory. Occlusion of small
intracranial vessels leads to lacunar infarction or smaller focal vascular lesions. Focal

vascular lesions are often asymptomatic but indicate a high risk for ischemic stroke.

In this regard to examination of the intracranial vessels, even in
asymptomatic patients help us to evaluate their cerebrovascular risk. To date no
systematic evaluation of intracranial circulation has yet been performed in RA.

1.3 Transcranial Doppler ultrasonography

Diagnostic medical ultrasound (US) systems are based on the pulse-echo
technique. In medical ultrasounds, the difference between emitted and reflected sound
frequencies is called Doppler-shift which is used to measure the velocity of organs or
fluids. For example, using red blood cells as moving objects, the observer can measure
the speed of blood in arteries.

Rune Aaslid described first the transcranial Doppler (TCD) technique in 1982.
TCD is also called as the doctor’'s stethoscope of the brain. It is a non-invasive,
repeatable, portable, not too expensive examination, which allows dynamic monitoring
of the cerebral vessels in real-time, adding not only anatomical but also (patho)
physiological information like any other neuroimaging modalities.

TCD has a wide range of indications. It can be used in emergency cases, such
as acute stroke, cerebral micro embolism, right-left shunt detection, and subarachnoid
hemorrhage but also in brain stem death, head injury, raised intracranial pressure
(ICP) or intraoperative monitoring. In patients with cerebrovascular morbidity the most
common indication for performing TCD is to diagnose the stenosis of intracranial



vessels. TCD investigation results correlated with findings of invasive angiography in
these patients.

TCD is also ideal for cerebral auto regulatory testing, studying the
pathophysiology of cerebrovascular ischemia or dynamic cerebrovascular responses,
such as increased cerebrovascular resistance, vasospasm or hyper dynamic flow.
Cerebral autoregulation means that the blood vessels of brain are able to maintain
relatively constant cerebral blood flow between mean arterial pressures of 50 to 170
mmHg. First, the dynamic autoregulation respond almost immediately, within seconds
to sudden pressure changes. In addition, there is also a static autoregulation of

response long-term fluctuation in cerebral blood pressure (CBP).

As attenuation is lower when using low frequency US, TCD uses < 2 MHz US
waves. Higher frequency probes are not able to adequately penetrate through the skull.
As the bone attenuates about 90% of the US waves, TCD may only be performed at
skull areas where the bone is thin enough or where there are preformed foramina in the
bone. These regions are called acoustic windows. Different cerebral arteries can be

examined through these windows.

The blood supply of the brain is originating from the right and left internal
carotid arteries (ICA) and from the vertebral arteries which vessels then become basilar
artery (BA). The circle of Willis provides an important communication between them.
There are three exiting arteries namely the anterior (ACA), median (MCA) and posterior
cerebral arteries (PCA), which are responsible for cerebral blood supply.

In adults, the orbital, temporal (TAW), sub occipital and submandibular
foramina may be most commonly accessible for US investigations. The ophthalmic
artery and the ICA siphons can be accessed through the transorbital window. TAW is
the thinnest area of the lateral skull, located above the zygomatic arch and anterior to
the earlobe. The squamous temporal bone is the thinnest here. ACA, MCA, PCA, BA
and the ICA bifurcation can be detected through the TAW. The suboccipital foramen is
between the occipital bone and the atlas vertebrae. Through this window, the vertebral
and basilar arteries can be detected. ICA can also be observed through the

submandibular foramen.

MCA has the largest blood supply territory. This artery is the most frequently
affected by cerebral infarction because of the direct flow from ICA into the MCA and the
size of the supplied territory. Therefore MCA is the most important intracranial vessel to
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be assessed by TCD and TAW is the most relevant acoustic window for this purposel.
TCD parameters described later, such as MFV, PI and PI/MFV ratio of MCA are
prognostic factors for recurrent cerebrovascular ischemia. TCD examination can evince

even an asymptomatic stenosis of MCA, an acknowledged stroke risk factor.

There are also some limitations of this technique. In healthy individuals, the
temporal bone around the TAW is usually a thin cortical without trabecular structure. In
approximately 10-20% of individuals, even in the general population, TAW may be
inadequate. TAW failure (TAWF) is more frequent in non-Caucasian, elderly women.
Thickness of the temporal bone and the inhomogeneous texture of the bone have been
correlated with TAWF. In addition, when assessing TCD in patients with stroke, Deal et
al. found TAWF in 34% of patients. TAWF, bone thickness and inhomogeneous temporal
bone texture could be correlated with age, as well with each other. Interestingly, also in
stroke patients, there were no correlation between TAWF and vertebral, femoral or total
bone mineral density (BMD). Only heterogeneous temporal bone texture was associated
with lower BMD. Presumably there are some correlation between TAWF, temporal bone
texture and thickness and various bone markers, to data there is not any reports on

this context.

Another major limitation is that the TCD investigation is highly operator-

dependent and requires a long learning period and practice.

1.4 TCD indices

Among TCD parameters, mean blood flow velocity (MFV, cm/sec), peak
systolic flow velocity (PSFV, cm/sec) and end diastolic flow velocity (EDFV, cm/sec) are

the most valuable indices.

PSFV is the peak of the waveform during a cardiac cycle. Elevated PSFV
indicates stenosis in the upstream arterial vessels. EDFV is normally 20-50% of PSFV
value. MFV is the mean velocity within a cardiac cycle. It is calculated as
(PSFV+[EDFVx2])/3. Obviously, MCA has the highest MFV among intracranial vessels.
Increased value of MFV may indicate vasospasm, stenosis or hyperdynamic velocity
flow. Its decrease may indicate decreased cerebral blood flow through hypotension,

increased intracranial pressure or brain stem death.



Pulsatility index (PI) is a measure of the variability of blood velocity in the
vessel, calculated as PSFV-EDFV)/MFV. Its normal range is between 0.6 and 1.2. PI
gives us information about the downstream cerebral vascular resistance. When PI is
below 0.5, it indicates proximal stenosis or occlusion, while its value above 1.2

indicates distal occlusion or constriction.

Resistance index (RI) represents flow resistance distal to the site of
insonation. The normal range is between 0.4 and 0.7. Values >0.8 indicate downstream
resistance. RI is calculated as (PSFV-EDFV)/PSFV.

TCD is also capable to determine cerebrovascular reserve capacity (CRC), an
indicator of vascular autoregulatory mechanisms and the function of precapillary
(resistance) arteries. These arteries are responsible for the physiological protective
mechanisms. They are able to contract and dilate in order to maintain the optimal
cerebral blood flow even under changing cerebral pressure conditions. CRC is calculated
as (vmax.-v0)/v0x100. The result is expressed as percentage.



2 AIMS

Accelerated atherosclerosis associated with RA also involves the intracranial
vessels which lead to ischemic cerebrovascular diseases. The assessment of these
arteries by TCD is important to determine preclinical pathophysiological changes.
Despite its importance there have been only very few publications on intracranial
circulation in RA. The presence of adequate TAWs on both sides is essential for TCD

investigation.

Our aims were:

2.1 Study 1

1. to assess the availability of TAWs in patients with RA undergoing various
treatments in comparison to a control group representative for the general
population,

2. to determine TAWF, temporal bone thickness and texture in RA,

to study the features of TAW in relation to BMD and bone biomarkers.

2.2 Study 2

1. to examine MCA and BA by TCD in order to determine the blood flow
conditions in RA compared to healthy individuals,

2. to determine the abnormalities of circulation in intracranial vessels in RA
compared to healthy controls,

3. to assess the effect of biologic therapy vs. MTX on TCD parameters,
to correlate TCD values with carotid US parameters (cIMT) and brain
magnetic resonance imaging (MRI) scans.

To our knowledge Study 1 is the first one to assess TAWs, TAWF and
characteristics of temporal bone in RA. Study 2 is also the very first study to assess the
intracranial vessels of RA patients by TCD. Moreover TCD was combined with traditional
carotid ultrasonography and brain MRI investigation in order to explore the true

cerebrovascular risk of these patients.



3 METHODS

3.1 Study 1

3.1.1 Patients and controls

Altogether 62 RA patients undergoing regular follow-ups at the Szent Ferenc
Hospital (part of the Borsod County Central Teaching Hospital), Miskolc were recruited

for the study.

RA patients were all females with a mean age of 60.7+£9.5 (range: 27-78)
years and with 11.5+£7.6 (range: 1-36) years mean disease duration. Altogether 75%
of these patients were RF positive, and 75% were ACPA positive. Forty-two patients
had been receiving biologics (20 infliximab [IFX] and 22 tocilizumab [TCZ]) for a mean
duration of 5.2+1.9 (range: 1-8) years. The other 20 patients were biologic-free. They
only received methotrexate (MTX) for disease modification for a mean 6.8+4.7 (range:
1-15) years in an average dose of 14.1+4.5 (range: 5-20) mg per week. In this
population, 32 patients had been receiving stable low-dose corticosteroids for at least 6

months.

For this study, a cohort of 60 non-RA women later undergoing detailed TCD
investigations were chosen as control group with the mean age 56.3+10.9 (range: 29-
90) years. Before the TCD assessment was carried out by the ultrasonographer, the
presence or failure of TAW had been determined. Individuals in the control group did
not have any known CV, cerebrovascular disease or diabetes. Bone structure and
thickness of the temporal bone were assessed by computed tomography (CT) imaging

in 35 control subjects. Their mean age was 53.7+4.0 (range: 48-60) years.

The Borsod County Central Teaching Hospital IRB approved this study (No.
13/2016). All patients gave informed consent to the study and all of them gave consent

to publish.
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3.1.2 Determination of temporal windows

Before the TCD assessment, always the same ultrasonographer determined
whether the right and left TAW were detectable and available for TCD measurements or
not. The existence of TAW was identified in 60 control individuals and in 62 RA patients.
The TAW score shows that the examined person has TAWF:

. 0 - on both sides,
. 1 - only on either side (left or right),
. 2 - on neither side.

In order to better understand the structural and pathophysiological basis of
TAWF, we assessed the temporal bone by CT imaging (Somatom Definition AS, 64-
slice, Siemens, Germany) in a subset of RA patients (n=43) and control subjects
(n=35). Among the 43 patients, 11 received MTX only, while 32 were treated by
biologics. For an enhanced view of the temporal bone around TAW, we examined the
subjects using the “bone window” CT setting without the administration of contrast

material.

We measured the thickness of the temporal bone in mm at a point 3 cm
anterior from the earlobe and determined the structure of TAW. Either a thin,
homogeneous, compact, "condense" cortical bone or a thicker, heterogeneous,
"sandwich"-like trilayer (cortical-diploe-cortical) structure was detected around the
TAW.

3.1.3 Bone densitometry and bone markers

BMD, T- and Z-scores of the lumbar L1 and L2 vertebrae, total L2-4
vertebrae, femoral neck and total hip were assessed by dual emission x-ray
absorptiometry (DEXA) (Hologic 010-0575, Bedford, MA, USA).

Among bone biomarkers, serum calcium and phosphate were determined by
routine laboratory methods. Serum osteocalcin (OC; normal: <41 ug/l), B-CrossLaps
(CTX; normal: <0.57 pg/l), procollagen type 1 amino-terminal propeptide (P1NP;
normal: <75 pg/l), 25-hydroxy-vitamin Ds (25-OH-vitD3; normal: >75 nmol/l),
parathormone (PTH; normal: 1.6-6.9 pmol/l), osteoprotegerin (OPG; median: 2.7
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pmol/l, normal: to be determined [TBD] locally in the lab), sclerostin (SOST; median:
24.1 pmol/l, normal: TBD), free soluble receptor activator of nuclear factor kappa-B
ligand (sRANKL; median: 0.37 pmol/l in females, normal: TBD) were determined by
enzyme-linked immunosorbent assay (ELISA) (Biomedica, Vienna, Austria).
OPG/sRANKL ratios were also calculated.

3.1.4 Statistical analysis

The SPSS 22.0 software (IBM, Atmonk, NY, USA) was used for statistical
analysis. Data are expressed as the mean + SD and frequencies and percentages.

Continuous variables were evaluated by independent samples t-test and
Mann-Whitney test. Nominal variables were compared between groups using the chi-
squared or Fisher’s exact test, as appropriate. Simple correlations were determined by
Spearman’s analysis. To compare the right and left values of the same population were
used the paired two-tailed t-test and the Wilcoxon test. Multiple linear regression using
the stepwise method was used to determine correlations and independent associations
between parameters. TAW parameters were the dependent variables and several other
clinical and laboratory parameters were independent variables. The B (+95% CI)
regression coefficient indicated independent association between the dependent and
independent variable during changes. P values < 0.05 were considered significant.

3.2 Study 2

3.2.1 Patients and controls

As described above, the prerequisite for successful TCD assessment is
adequate TAW. Forty-one out of 62 RA patients had accessible TAW, while 21 subjects
had TAWF. Only the 41 patients with adequate TAW were carried forward to Study 2.

From the 60 control subjects of Study 1 fifty-two persons had intact TAW at
least on one side. They were all included to Study 2 and 8 another healthy persons
were added to the control group.
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The main characteristics of these 41 RA patients and the 60 control subjects
did not differ significantly. All participants were females, the mean age was 58.2+9.7
(range: 27-78) years in the RA group and 58.4+4.4 (range: 46-79) years in the control
group. The mean disease duration of RA patients was 12.2+8.0 (range: 2-36) years.
Altogether 70% of RA individuals were IgM type RF positive, and 65% were ACPA
positive. Twelve RA patients received MTX monotherapy. The mean MTX treatment
duration was 6.1£3.8 (range: 2-15) years and the mean dose was 14.6+6.1 (range: 5-
25) mg per week. Among the other 29 patients, 15 patients had been receiving IFX and
the other 14 TCZ. Biologic-treated RA patients also received MTX for a mean duration
of 5.3+£2.0 (range: 1-10) years.

IRB approval and consent issues are described above in Study 1.

3.2.2 Transcranial Doppler assessment

TCD examinations were performed by using a Multi-Dop T Digital (DWL
Compumedics GmbH, Singen, Germany) device. Among TCD results, MFV (cm/sec),
PSFV and EDFV are the most valuable parameters. We determined MFV, PI and RI first
at rest (r) [MFV(r), PI(r), RI(r)].

There are many mechanical, pharmacological, static or dynamic methods for
studying cerebral autoregulation but there is no gold standard technique and there are
no standardized values. Therefore we chosen noninvasive, nonpharmacological
maneuvers, such as 30 seconds lasting hyperventilation [MFV(h), PI(h), RI(h)] and
then, after normal breathing, 30 seconds lasting breath holding [apnea (a)] [MFV(a),
PI(a), RI(a)]. By applying these maneuvers, we could assess cerebral vasoreactivity,
which refer to autoregulatory function of the intracranial vessels. The cerebrovascular
system is highly sensitive for changes in arterial partial carbon dioxide pressure
(PaC02). Hyperventilation due to hypocapnia results in vasoconstriction of cerebral
arterioles. Consequently, blood flow velocity (BFV) decreases in upstream vessels. In
contrast, breath-holding leads to hypercapnia and vasodilation resulting in increased
BFV in the upstream vessels. The normal response to these manoeuvers is and at least
15% change of flow velocity in MCA after hyperventilation and 30% after breath
holding.
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The TCD technique is highly operator dependent. Therefore, in this study
every measurement was performed by a single technician and data were validated by
the same neuroradiologist. We examined MCA and BA and determined all TCD

parameters described above in RA patients and control subjects.

3.2.3 Carotid and vertebral artery ultrasound examination

US examination of carotid arteries is widely used for detecting atherosclerosis
including cIMT and plaques. Sonographic cIMT measurement is a surrogate marker for
detecting subclinical atherosclerosis and for CV disease risk assessment. Increasing
body of evidence shows that cIMT measurement supplemented with plaque scan
consistently improves the prediction CV disease. This technique is also ideal for
screening high CV or cerebrovascular risk RA patients in preclinical state.

We assessed our RA patients (n=41) and controls (n=60) using a duplex US
system (Vivid E, GE Healthcare, Wauwatosa, WI, USA) with a 8 MHz linear array
transducer (GE Probe 8L-RS). However, there is no standardized cIMT assessment
methodology we carried out five measurements and calculated an average value on
both sides in every participant by a single observer. The cIMT was defined as the
distance between two echogenic lines representing the lumen-intima interface and the

media-adventitia interface of the carotid arterial wall. These data are expressed in mm.

Carotid plaque presence also improves prediction of stroke or transient
ischemic attacks. Quantification and qualification of plaques seems to be more
important to predict CV events and to identify high risk patients.

In our study, all visible plaques were detected, measured and classified as
fibrous, calcified or soft, whether cause stenosis or not. This last subgroup, the soft
plaques represents the most dangerous, unstable form of plaques. A “plaque score”
was created on a 0 to 5 semiquantitative scale: 0 - no plaque, 1 - fibrous, 2 - non-
stenotic calcified, 3 - stenotic calcified, 4 - soft, 5 - stenotic soft.

Each patient received their score for both sides.

Vertebral arteries were also visualized and normal circulation versus no

circulation due to thin arteries was noted.
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3.2.4 Brain MRI investigations

Intracranial atherosclerosis can be responsible for ischemic stroke, focal
vascular lesions, emollition and atrophy. MRI imaging can detect even those small
ischemic lesions which cause not clinical symptoms. That is why a brain MRI
investigation was performed for all 41 RA patients to explore these features.

A Siemens Magnetom Verio 3 Tesla MRI instrument (Siemens, Munich,
Germany) was used for these examinations. All MRI scans were first performed by a
single radiologist and also revised by a neuroradiologist. The presence or absence of
vascular lesions, emollition and/or atrophy was determined.

3.2.5 Laboratory assessments

Serum IgM RF and high sensitivity CRP (hsCRP) were assessed by
quantitative nephelometry (COBAS MIRA Plus, Roche Diagnostics, Indianapolis, IN,
USA), using RF and CRP reagents, respectively (both from DIALAB, Wiener Neudorf,
Austria). RF levels >50 IU/ml indicated seropositivity and hsCRP levels >5 mg/l were
considered elevated. Anti-CCP/ACPA autoantibodies were detected in serum samples
using the second-generation Immunoscan-RA CCP2 enzyme-linked immunosorbent
assay (Euro-Diagnostica, Arnhem, The Netherlands). The assay was performed
according to the instructions of the manufacturer. A concentration >25 IU/ml indicated
seropositivity.

After overnight fasting, blood samples were taken from the patients and
control subjects for TC, LDL-C, HDL-C and triglyceride (TG). Lipids were determined
using routine laboratory methods. Serum lipoprotein a [Lp(a)] was assessed by latex-
sensitised immunoturbidimetry (Roche Diagnostics). Serum ApoA and ApoB levels were
measured by immunoturbidimetry using Tina-Quant apoA and apoB reagents (Roche
Diagnostics) and a Cobas Integra 700 analyzer (Roche Diagnostics). ApoB/apoA ratio, a

good marker for atherosclerotic risk was also calculated.
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3.2.6 Statistical analysis

In general, statistical analysis was performed as described in Study 1 by
using the SPSS 22.0 software.

In multiple regression analysis, TCD/carotid parameters were the dependent
variables, and other clinical and laboratory parameters such as age, disease duration,
RF and anti-CCP positivity, MTX dose and duration, biologic therapy duration, DAS28,
ESR, hsCRP, BMI, lipid levels were independent variables.

4 RESULTS

4.1 Study 1

4.1.1 Detectability of TAW in RA versus controls

As described above, the presence of TAW is essential for TCD assessments.
In RA (n=62), the right and left TAW were inadequate in 35% and 53% of patients,
respectively. In addition, there was TAWF on both sides in 34% of RA subjects. In 34
out of 62 patients (54.8%) TAW could not be identified at least one side. In contrast,
TAWF was found on the right, left or both sides in 20%, 20% and 13% of control
subjects (n=60) (p<0.001).

When the various RA subpopulations were analyzed, TAWF could be detected
on the right, left or both sides in 40%, 50% and 40% of MTX-treated, 33%, 55% and
31% of any biologic-treated, 30%, 55% or 25% of IFX-treated and 36.4%, 54.5% and
36.4% of TCZ-treated RA patients.
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Significant differences were found in the detectability of the left TAWs
between the total RA cohort vs controls (p<0.001), as well as the biologic-treated
(p<0.001), IFX-treated (p=0.015) and TCZ-treated RA patients vs controls (p=0.045).

With respect to differences between left and right TAWs, TAWF was
determined significantly more commonly on the left side compared to the right side in
the full RA cohort (53% vs 35%; p=0.002), as well as in biologic-treated (55% vs 33%,
p=0.005), IFX-treated (55.0% vs 30.0%, p=0.046) and TCZ-treated RA patients
(54.5% vs 36.4%, p=0.042). In contrast, healthy controls exerted similar detectability
(20% vs 20%, p=NS).

The TAW detectability scores were calculated by assigning scores of 0, 1 or 2
to patients with TAWF on both sides, either or neither sides. These scores were
1.11+0.89, 1.10+0.97, 1.12+0.86, 1.15+£0.81, 1.09+£0.92 and 1.66%0.69 in the total
RA, MTX-, biologic-, IFX- and TCZ-treated RA patient subsets and control subjects,
respectively. Significant differences were found in TAW scores between the total RA
cohort (p=0.005), MTX-treated (p=0.036) and biologic-treated (p=0.008) vs controls.
No differences between MTX-treated RA patients vs biologic-treated patients were

determined.

4.1.2 Texture of TAW in RA and controls

As described above, when assessed by CT, the temporal bone around the
TAW is normally composed of condense, homogeneous, monolayer cortical bone
(condense structure). On the other hand, it may also show a cortical-diploe-cortical

“sandwich”-like, heterogeneous trilayer pattern.

We examined the bone structure around TAW in 43 RA patients and 35
control subjects. Only two out of 35 healthy control individuals had heterogeneous
“sandwich”-like structure on one side (2.9%). In contrast, among RA patients, more
than half (53%) had this cortical-diploe-cortical trilayer at least on one side (p<0.001).

The right TAWs exerted this trilayer texture in 60%, 55%, 62% of total RA,
MTX-, biologics-treated RA patients, respectively. With respect to the left TAWSs, these
values were 53%, 36%, 59%. Significant differences were found in TAW texture
(condense or sandwich) between the total RA cohort vs controls (right: p<0.001, left:
p<0.001), MTX-treated patients vs controls (right: p<0.001, left: p=0.009) and
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biologic-treated RA patients vs controls (right: p<0.001, left: p=0.018). No differences
between MTX- vs biologic-treated RA patients, or IFX- vs TCZ-treated patients could be

observed.

There were no differences between left and right TAW with respect to
temporal bone texture in RA patients or in control subjects whatsoever.

4.1.3 Thickness of TAW in RA compared to controls

The thickness of temporal bone around TAW was determined by CT in 43 RA
patients and 35 controls. These values were presented in mm. The mean temporal
bone thickness values of the right TAWs were 3.58+1.43, 3.77+1.34, 3.52+1.48,
3.64%1.47, 3.39+1.52 and 2.92+1.22 mm in the total RA, MTX-, biologic-, IFX-, TCZ-
treated RA populations and controls, respectively. With respect to the left side, these
values were 4.16+1.56, 4.62+1.42, 4.00£1.59, 4.08+1.54, 3.91+1.69 and 2.90+1.16

mm.

Significant differences were found in left temporal bone thickness between
total RA patients (p=0.047), MTX- (p=0.014) or biologic-treated RA patients (p=0.044)
compared to controls and also in the right temporal bone thickness between MTX-
treated RA patients vs controls (p=0.041). There was no difference in bone thickness
on either side between IFX- or TCZ-treated RA patients vs controls, between total and
biologic-treated patients in the thickness of right TAW bone whatsoever.

The left temporal bone was significantly thicker than the right in the total RA
population (p=0.001), as well as in the MTX-treated (p=0.006), biologic-treated
(p=0.021), and TCZ-treated RA subset (p=0.039). In contrast, healthy controls exerted

similar temporal bone thickness (p=NS).
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4.1.4 Correlations between TAW features and other disease markers in the RA
population

We correlated the various TAW parameters with each other in the RA
population. There have been significant associations between TAW detectability,
thickness and structure. In the total RA cohort (n=62), the absence of right TAW was
significantly associated with increased thickness (R=0.811, p<0.001) and the
sandwich-like texture of the bone (R=0.712, p<0.001). Similar observations were
made with respect to the left TAWs (thickness: R=0.768, p<0.01, texture: R=0.791,
p<0.01). The thickness of right and left TAWs also correlated with the heterogeneous
texture on the corresponding sides (right: R=0.569, p<0.01, left: R=0.457, p=0.02).

BMD and T-score values of the L1 and L2-4 vertebrae, those of the femoral
neck and the total hip were determined in all RA patients. RA patients on biologics
exerted higher L1, L2-4, femoral neck and total hip BMD values than MTX-treated
patients, but the differences were not statistically significant. Bone biomarkers did not
show any notable differences between the biologic- and MTX-treated RA subset.

Binary logistic regression analysis was performed in order to determine
correlations between TAW characteristics (dependent variables) and other clinical and
laboratory parameters (independent variables). In the linear regression analysis, TAWF
(lower TAW scores) on both sides (p=0,007) significantly correlated with age.
Interestingly, left TAW was associated with OPG levels (p=0,012). In addition, this
texture on right (p=0,045) or left (p=0,016) side exerted significant correlation with
OPG. Right (p=0,025) or left (p=0,007) TAW bone thickness correlated with age.
Finally, TAW thickness on the left side correlated with femoral neck and total hip bone
loss. However, neither TAWF, nor temporal bone texture, nor thickness showed any
association with the duration of RA or disease activity.

Multiple regression analysis was performed to determine independent
prognostic factors for TAWF in RA. Age (p=0,026) and serum OPG levels (p=0,012)
were independent predictors of left TAWF. Age was also a predictor of sandwich-like
texture of the left TAW (p=0,007). There were no correlations between other

biomarkers.

In control subjects, representing the general population, TAWF on the right
(R=0.393, p<0.001) and left side (R=0.407, p<0.001) positively correlated with age.
In controls, the thickness and texture of TAW did not show any association with age.
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4.2 Study 2

4.2.1 Comparative description of RA patient subsets

RA patients, the MTX-treated subgroup and the biologic-treated patients had
corresponding characteristics in the main clinically and laboratory findings. Except for
that the MTX-treated patients had significantly higher CRP level (5.3%£3.9 mg/l vs
3.4£4.7 mg/l; p<0.05) and mean DAS28 scores (2.88+0.75 vs 2.26+0.86; p=0.006)
than the biologic-treated subjects. However all described above lipid parameters have
been investigated we could not find any major differences between RA subsets.

4.2.2 TCD assessments in RA patients, RA subsets and control subjects

Forty-one RA patients and 60 controls were investigated by TCD ultrasound
technique. The main TCD parameters, PI, RI and MFV of MCA were determined at rest
(r), after hyperventilation (h) and 30 seconds lasting breath holding [apnea (a)] on the
left and the right sides. MCA CRC values were also assessed on both sides.
Furthermore, BA PI (r) and MFV (r) were investigated in all individuals.

Both the total RA group (right: 0.90+0.18, p<0.001; left: 0.89+0.19,
p=0.003) and the MTX-treated subgroup (right: 0.97+0.12, p<0.001; left: 1.00£0.19,
p<0.001) had significantly higher PI at rest than controls (right: 0.78+0.13; left:
0.77£0.44). When biologic-treated RA cohort was compared to controls, significantly
higher PI(r) was found on the left MCA (0.83£0.17 vs 0.77+0.44, p=0.021) but
significantly lower MCA PI(r) was measured compared to MTX-treated subgroup
(0.83£0.17 vs 1.00+0.19, p=0.021).

After breath holding [apnea (a)], we measured significantly higher PI in the
total RA group (right: 0.83+0.16, p<0.001; left: 0.85+0.03, p=0.002) and also in the
MTX-treated subgroup (right: 0.90+0.15, p<0.001; left: 0.90+£0.15, p=0.009) on both
sides compared to the control population (right: 0.69+0.17; left: 0.68+0.25).

After hyperventilation, the PI (h) values did not differ significantly in the RA
population compared to controls. The only significant difference was found between the
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PI (h) values of the MTX- and biologic-treated subgroups on the left side. MTX-treated
subjects had significantly higher MCA PI (h) than biologic-treated ones (1.23+0.29 vs.
0.99+£0.25, p=0.029).

With regards to MCA RI values at rest the total (right: 0.58+0.07, p<0.001;
left: 0.58+0.08, p=0.004) and MTX-treated RA patients (right: 0.61+£0.06, p<0.001;
left: 0.62+0.07, p<0.001) had significantly higher RI(r) values compared to controls
(right: 0.53%0.08; left: 0.53+0.07). Interestingly, again, biologic-treated RA patients
had significantly higher RI(r) on the left side compared to controls (0.55+0.07 vs
0.53+£0.07, p=0.018) but significantly lower than the MTX-treated patients (0.55+0.07
vs 0.62+0.07, p=0.018).

After breath holding (apnea), the total RA cohort (right: 0.56+0.07,
p<0.001; left: 0.56+0.02, p<0.001) and also the MTX-treated subgroup (right:
0.58+0.06, p<0.001; left: 0.59+0.07, p<0.001) had significantly higher RI (a) values
compared to controls (right: 0.49+0.08; left: 0.49+0.07) on both sides, respectively.

After hyperventilation, RI (h) differences seemed to eliminate between the RA
and control population. The only significant difference was that the MTX-treated
patients with RA had higher MCA RI (h) compared to controls (0.69+£0.07 vs
0.62+0.29, p=0.09) on the left side.

With regards to the BA, the total RA population (0.98+0.26, p=0.005) and
the MTX-treated subset (1.05+0.38, p=0.001) also had significantly higher PI(r) than
controls (0.85+0.15).

In the total RA cohort, right and left MCA CRC values were 27.5+12.5% and
27.3£13.5%, in the MTX-treated subgroup these values were 24.5+9.8 on the right
side and 25.6+7.6 on the left side, by biologic-treated patients 28.8+13.5 on the right
and 28.2+15.9 on the left side, respectively. In controls, the right and left mean CRC
values were significantly higher: on the right: 50.2+£30.6 (p<0.001, p=0.005,
p<0.001); on the left: 44.0+17.6 (p<0.001, p=0.002 p<0.001). CRC on both sides
were also non-significantly higher in biologic-treated compared to MTX-treated patients.
On the right side CRC was 28.8+13.5 in the biologic-treated vs 24.5+9.8 in the MTX-
treated RA population and on the left side these values were 28.2+15.9 vs 25.6+7.6.
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4.2.3 Carotid and vertebral artery assessments

All RA subjects (n=41) and control individuals were investigated by carotid
US on both sides. Significantly more RA patients from the total RA population (n=21,
51%; p=0.021) and MTX-treated patients (n=8, 67%; p=0.016) had at least one
carotid plaque compared to controls (n=16, 27%) on the right side. In contrast on the
left side there were no significant differences between the examined subgroups.

As described above, carotid plaques were also scored (from 0 to 5) with
respect to absence, fibrous, calcified phenotype and stenotic or non-stenotic nature. We
also calculated plaque-score by the controls and patients on both side. Regarding to
previous findings, not surprisingly, the right but not the left carotid plaque score was
significantly higher in the total (1.22+1.35; p=0.016) and MTX-treated RA subset
(1.58+1.31; p=0.08) vs controls (0.60+ 0.99). There were no statistical differences
with regards to presence or absence carotid plaques and plaque scores among the
MTX- (right: 1.58+1.31, left: 1.25+1.55) and biologic-treated patients (right:
1.07+1.36, left: 0.90+0.98).

Carotid stenosis was also determined in all patients and controls. However,
only two patients (one MTX- and one TCZ-treated ones) had 30% and 60% lumen
stenosis in the right, and only one patient (MTX-treated) had a 60% stenosis in the left
carotid artery. No stenosis was observed in any control subject. Therefore no statistical
analysis could be performed.

The cIMT were also measured on both sides. Patients with RA irrespective of
the treatment in each subgroup had significantly higher values than controls. On the
right side cIMT of the carotid artery was 0.72+0.24 mm in the total RA group
(p<0.001), 0.72£0.25 mm in the MTX-treated subgroup (p<0.001) and 0.72+0.23 mm
in the biologic-treated population (p<0.001) versus 0.40+0.28 mm in controls. On the
left side these values were 0.73+£0.23 mm (p<0.001), 0.69+0.22 mm (p<0.001) and
0.75£0.24 mm (p<0.001) compared to controls 0.40+0.28 mm. There were no
statistical differences with regards to cIMT among the two treatment RA subsets.

Vertebral arteries were also assessed in all patients and controls. All 41 RA
patients and 60 control subjects had normal vertebral circulation in the right artery.
Circulation in the left vertebral artery was undetectable in two RA patients and one
control. No statistical analysis could be performed.
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4.2.4 Brain MRI investigations

All 41 patients with RA were investigated by 3T brain MRI. We were looking
for minor vascular lesions in both hemispheres. As much as 39% of the total RA
patients (n=16), 42% of MTX- (n=5) and 38% of biologic-treated RA patients (n=11)
had at least one vascular lesion on both side. Signs of cerebral emollition were detected
in 2 RA patients (5%), all of them were biologic-treated. Cerebral atrophy could be
detected in 8 RA patients (20%). Among these subjects, only one received MTX (8% of
MTX-treated patients) and 7 biologics (24%). There were no statistically significant
differences between vascular lesions, emollition or atrophy among MTX- and biologic
treated RA subset.

4.2.5 Correlations between TCD, carotid ultrasound features and other
parameters in RA patients

As described above, multiple linear regression analysis was performed in
order to determine associations between TCD/carotid parameters as dependent
variables and other independent clinical and laboratory variables. Numerous TCD
variables correlated with age. When assessing disease-related factors, left MCA PI(r)
and PI (h) positively, while right MCA CRC inversely correlated with disease activity.
With respect to metabolic factors, right PI (h) and right cIMT correlated with BMI. Left
RI (h) inversely correlated with HDL-C.

We also correlated TCD variables with carotid ultrasound and brain MRI
results. When comparing RA patients with (n=18) and without left carotid plaques
(n=23), right MCA PI(a), RI(r), RI(a), as well as left MCA PI(a), PI(h) and RI(a) values
were significantly higher in patients with carotid plaques. In addition, right MCA PI (h)
significantly correlated with right cIMT (R=0.377, p=0.018).

There were no significant correlation between TCD, carotid parameters and
any brain MRI findings.
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5 DISCUSSION

5.1 Study 1

Accelerated atherosclerosis among patients with RA is well-known such as
increased risk of CV diseases. The same mechanism can also lead to cerebrovascular
morbidity and mortality. Uncontrolled RA patients with higher disease activity and
higher inflammatory parameters are the most affected by cerebrovascular morbidity
such as stroke.

TCD technique is essential to exam the function of intracranial vessels,
arterial circulation and pressure characteristics. Without the presence of an intact TAW,
the examination cannot be carried out. Nevertheless, even in the general population,
TAW may be inadequate or undetectable (TAWF) in about 8-20% of individuals. This
phenomenon can be more common (34%) among stroke patients. TAWF may be a
developmental issue, however, TAWF has been correlated with age in the general

population, as well as in stroke patients.

The thickening and the changed structure of the temporal bone around the
TAW may be responsible for TAW failure. Our best knowledge, the texture and other
characteristics of TAW have not yet been studied in RA patients so we could not
compare our results with any reported data.

We assessed 62 RA patients and 60 non-RA, healthy controls with TCD
examination. In much more RA patients than controls was the TAW inadequate. In RA,
on the right side 35%, on the left side 53%, on both side 34% TAWF was present, in
contrast in controls in 20-20% of subject on the right and left side too, while only 13%
on both sides. Our results and other data that was reported in the literature from the
general population shows that in RA patients vs controls the presence of TAWF was

significantly more common.

With respect to treatment, TAWF was more frequent and the TAW score was
lower in biologic-treated, but not in MTX-treated RA patients compared to controls.
Although TAWF showed no association with disease duration, biologic-treated patients
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may represent a more severe and progressive RA subset compared to those treated
with MTX only. Thus, disease severity and the need for biologics may correlate with
TAWF.

TAWF, as well as thicker temporal bone was more common on the left side in
RA patients but not in controls representing the general population. This phenomenon,
which was also more pronounced in biologic-treated compared to MTX-treated patients,
requires further studies and explanation.

With respect to temporal bone texture, we found by only one control subject
(3%) trilayer “sandwich”-like structure compared in RA patients this texture was more
common, 53% on the left and 60% on the right side. This heterogeneous bone
alteration also has been described among stroke patients. Here both MTX- and biologic-
treated patients had this “sandwich”-like texture more commonly than controls.
Furthermore, this bone structure was equally observed on both left and right sides.

RA patients had thicker (3.6-4.6 mm) temporal bones than controls (2.9
mm). The temporal bone was also found thicker in stroke patients.

By applying linear logistic regression analysis TAWF, TAW score and temporal
bone thickness and heterogeneous texture also correlated with age in RA patients,
primarily on the left side indicating that with age the temporal bone gets thicker leading
to reduced detectability of the foramen. However, in our control population only TAW
detectability and TAW score showed associations with age, texture and thickness did
not.

We also correlated TAW feature with bone density, as well as bone
biomarkers. Serum OPG levels correlated with TAWF and “sandwich”-like bone
structure, interestingly. We could not find any other bone biomarkers expect for OPG
that correlated with either TAW phenomena. The thickness of the bone around TAW on
the left side inversely correlated with femoral neck and total hip BMD and T-scores.
These data show that there is locally bone thickening around TAW even if patient has

pronounced generalized osteopenia or osteoporosis.

By performing multivariable logistic regression analysis age was independent
prognostic factor for heterogeneous trilayer TAW structure and TAW failure, while
serum OPG was an independent predictor of TAWF in RA patients. Others also found
similar correlations in stroke patients and in the general population.
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Bone loss is common among RA patients, more pronounced in highly active,
progressive RA disease, mainly caused by inflammatory bone resorption. TAW thickness
correlated inversely with femoral neck and total hip BMD. These correlations were only
present in biologic-, but not in MTX-treated patients indicating the interplay between
generalized bone loss and TAW abnormalities in more severe RA patients. As discussed
above, no data has become available in RA. Other studies carried out in stroke patients
found no correlation between TAWF and BMD. However similarly to our results, the
heterogeneous texture of the temporal bone was inversely associated with BMD.

OPG is a cytokine receptor and member of the TNF receptor superfamily. It is
a decoy receptor for RANKL and inhibitor of inflammatory bone loss through the
RANK/RANKL system. Thus, OPG has been associated with TNF-a-mediated bone loss
too. Biologics, but not MTX itself, both anti-TNF-a and anti-IL-6 may further increase
the level of circulating OPG. OPG production may be a counter-regulator of bone
resorption in RA. By our studied RA patients TAWF on both sides and temporal bone
“sandwich”-like texture were correlated with higher circulating OPG levels. The features
of TAWF with thick and heterogeneous temporal bone may be characteristic for the
more severe RA population in need for biologics, also with more pronounced
generalized bone loss and increased production of OPG. Further studies in large number
of patients are required to find more relationships between TAWF, features of temporal
bone and bone biology.

5.2 Study 2

The carotid arteries by ultrasound and the intracranial vessels by TCD
technique can be examined. Before the appearance of clinical symptoms with these
investigations can be detectable the cerebrovascular risk and the asymptomatic
morbidity of the patients.

To our best knowledge, this is the very first study using functional TCD to
assess the intracranial vessels among RA patients, moreover in combination with

carotid and vertebral arteries ultrasonography and brain MRI, in addition by the same
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RA population. These values were compared MTX- to biologic subset, the total RA
population to healthy individuals. Because of there is no comparable reported study in
the literature, we could not compare our results with others findings.

With TCD technique we could exam the intracranial vessels dynamically. TCD
is a non-invasive, cost-effective and bedside tool for provides physiological information
on the cerebral hemodynamic which is often complementary to structural imaging.

The blood supply territory of the MCA is the most frequently affected in a
cerebral infarction because of the direct flow from internal carotid artery into the MCA
and because of the large size of the supplied territory. Therefore the MCA is the most
important intracranial vessel to assess by TCD. Impaired values of PI, RI, CRC, MFV of
MCA may predict future cerebrovascular morbidity.

The main limitation of the TCD is that, as described above in Study 1, TAW
may be inadequate even in the general population, more often among RA patients. On
the other hand, all patients were suitable for carotid and vertebral artery studies and
many patients also for brain MRI.

We carried out detailed functional TCD investigation using different
manoeuvres in 41 patients with RA and 60 age- and sex-matched healthy individuals as
controls. Furthermore we differentiated the total RA group to two subsets based on the
treatment with MTX or biologics (IFX or TCZ). There was no statistically significant
difference between the main characteristics of these groups expect that the disease
activity was higher among the MTX-treated patients than the biologic-treated ones.

The right and left MCA PI and RI were significantly higher among the
examined patients with RA at rest and after breath holding [apnea] too compared to
the control population. These findings indicate increased distal resistance or stenosis.
The lower CRC indicate impaired function of the resistance arteries. CRC is an
independent risk factor for stroke. RA patients had lower CRC values compared to
controls. With respect to BA PI was also significantly higher in the RA population than
controls. These data suggest that RA may have associated with impaired function of
intracranial vessels compared to healthy individuals.

Our results show that patients treated with MTX had higher MCA PI(r), PI (h)
and RI(r) on the left side than those who received biologics. Every other measured TCD
parameters showed a non-significant tendency of being increased and were unfavorable
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in the MTX-treated subgroup than biologic treated one. It seems that biologics may
beneficially influence the function and some measurable parameters of the intracranial

vessels.

The traditional investigation method to determine atherosclerosis is the
carotid artery ultrasound examination. We also completed our study with this method.
To our knowledge, to date, carotid arteries ultrasound results has been not compared
to TCD assessment in patients with RA.

Increased cIMT and more frequent presence of carotid plaque among RA
patients compared to the general population have been reported by a number of
investigators. Not surprisingly, in our study, more RA patients had carotid plaques and
higher plaque score compared to controls. We found significant difference in both
values on the right side. Carotid arteries cIMT was also higher in the total RA patients
and in the two subsets treated with MTX and biologics on both sides, respectively. With
regard to different treatment RA subgroups we could not find any significant differences

in the presence of plaques or plaque scores.

Asymptomatic atherosclerosis of intracranial vessels may lead to minor
cerebral vascular lesions. Therefore we carried out brain MR investigation to determine
these phenomena. Thirty-nine percent of RA patients had at least one vascular lesion in
either hemisphere. MTX-treated patients were slightly more affected than patients on
biologics but the difference was not significant. Cerebral emollition or atrophy was also
determined. In this regard there was no significant difference between the MTX- and
biologic-treated patients. Cerebral emollition in RA has been not yet reported in the
literature. Wartolowska et al. found association between cerebral atrophy and RA. In
contrast Bekkelund et al. could not.

Multiple linear regression analysis showed multiple associations between right
and left TCD parameters and age and some parameters with disease activity. We also
correlated TCD and carotid ultrasonography results. In patients who had carotid plaque
on the left side more TCD values were increased. PI (h) also correlated with carotid
cIMT on the right. Detailed future studies are needed to confirm these findings.
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6 CONCLUSIONS

The prevalence of stroke is increased among RA patients. Vascular physiology
should be assessed in the preclinical vascular state to determine stroke risk by patients.
Assessment of intracranial vessels includes transcranial Doppler ultrasonography (TCD).
TCD performance requires intact TAW on both sides to investigate right and left
intracranial arteries. TAWF is more common in RA patients than in healthy individuals.
Failure of TAW may be due to pathological bone metabolism.

We assessed RA patients undergoing various treatments in comparison to a
control non-RA, healthy control group by TCD investigation, carotid ultrasonography
and brain MRI too. We wished to examine the cerebral vasculature as complex as

possible and to determine preclinical pathophysiological changes of them.

TAWEF, thicker and heterogeneous temporal bones were associated with RA.
As RA has been associated with increased bone turnover and generalized bone loss,
especially in those with highly active, more severe disease. We also studied the
features of TAW in relation to BMD and bone biomarkers. Bone loss seen in RA may
result in OPG release. We can hypothesize that OPG, in turn, may also stimulate bone
apposition around TAW leading to TAWF, increased thickness and because of more rapid
burn turnover, heterogeneous bone texture. Further studies in large number of patients
are needed to explore the relationships between TAWF, features of the temporal bone
and their relation to bone biology.

We measured less favorable parameters by TCD in RA population than
controls, MTX-treated subgroup than biologic treated one. We found increased distal
MCA and BA resistance in RA. RA patients also exert CRC defect, which indicate
impaired function of resistance arteries. We also confirmed increased carotid plaque
formation, increased cIMT. Accordingly we found cerebral vascular lesions, emollition
and atrophy in a proportion of RA patients. These data suggest that RA may have
associated with impaired function of intracranial vessels compared to healthy
individuals. Biologics, in comparison to MTX, may beneficially influence the function and
some TCD parameters in the intracranial vessels.

29



7 SUMMARY

Accelerated atherosclerosis and increased risk for CV morbidity of RA patients
are well-known and confirmed by many studies. However increased CV risk is
associated also with increased stroke occurrence, still we have only few information

about the conditions of intracranial vessels.

For their investigation the carotid ultrasonography is the traditionally
accepted method. However with this examination we can only infer the status of the
cerebral arteries. With this work we aimed to explore the status and conditions of
intracranial vessels of our RA patients, to assess the possible occurrence of cerebral

vascular lesions even in clinically asymptomatic patients.

We performed a complex neurovascular examination in 62 female RA patients
and healthy controls, which included conventional carotid US, functional TCD and brain
MRI investigations.

The transcranial Doppler US technique is an excellent, non-invasive method
for dynamically monitoring the cerebral blood flow and status of intracranial vessels.
With TCD we could exam the middle cerebral- and basilar arteries throw the thinnest
part of the temporal bone where is the so-called acoustic window which allows the
ultrasound wave through the bone. The functional TCD was also performed after rest,
breath holding and hyperventilation.

We wished to determine preclinical pathophysiological changes in the cerebral
vasculature. But this window was not always open, RA subjects have so-called TAWF in
35% on the right side and 50% on the left side compared to controls by whom TAWF
presented significantly lower, 20% on both sides. Behind this phenomenon we found
that our RA patients’ temporal bone was significantly thicker and texture was more
heterogeneous with CT imaging. While control subject had a monolayer cortical in
general, we found cortical-diploe-cortical trilayer by more than 50% of RA patients at
least on either side.

TCD investigations were carried out by 41 RA patients, by whom we
measured the mean flow velocity parameters, pulsatility- and resistance indices of ACM
and basilar artery. The increase in MFV refers to stenosis, vasospasm and

30



hyperdynamic circulation, while its increase may be due to hypotension, decreased

cerebral blood flow or increased intracranial pressure.

The decrease of the pulsatility indices refers proximal, while its increase
indicates distal stenosis. The RI shows the extent of distal resistance. MCA PI and RI at
rest and after breath holding are significantly increased in the total RA population
versus controls. Basilar artery pulsatile indices were also higher in total RA and also in
the MTX-treated subgroup, while the values of the biologic-treated group did not differ
significantly from the control controls.

CRC depends on the physiological vasoconstrictive and vasodilatory function
of precapillary resistance arteries which is responsible for maintaining the proper
cerebral blood flow under various pressure conditions. Value of CRC shows the
difference in percentage between the resting blood flow and the maximum blood flow
after vasoactive stimulation. Its decrease is an independent, hardcore stroke risk
factor. CRC was impaired in all RA subgroups compared to controls both on the left and
on the right side. Moreover, values of the MTX-treated group were unfavorable than the

biologic-treated ones.
More RA patients had carotid plaques and increased cIMT than controls.

We correlated these values with age, disease duration, disease activity,

several bone biomarkers and bone mineral density.

We also carried out MRI investigation to determine focal vascular lesions.
Almost 40% of RA patients had at least one vascular lesion in either hemisphere.
Cerebral emollition or atrophy was also determined. In this regard there was no
significant difference between the MTX- and biologic-treated patients.

Biologics may beneficially influence some parameters in the intracranial
vessels. With more effective disease control, the function of cerebral vessels can be
better preserved.
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