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KURZFASSUNG

Hintergrund: Rheumatische Autoimmunkrankheiten, die heute herausfordernde Krankheiten,

eine Herausforderung fiir die Diagnose und eine Herausforderung fiir die Behandlung sowie eine
Herausforderung fiir die Nachverfolgung der Patienten zur Verbesserung und Heilung darstellen,
nehmen jetzt in Inzidenz und Prévalenz zu. Seine Ursachen sind nicht bekannt, aber genetische,
umweltbedingte Faktoren spielen eine Rolle und sind an seiner Pathogenese beteiligt.
Autoimmune rheumatische Erkrankungen umfassen den Prototyp der Erkrankungen, die
rheumatoide Arthritis und systemischer Lupus erythematodes, Sjogren-Syndrom, systemische
Sklerose, Myositis, Dermatomyositis und Psoriasis-Arthropathie sind. Die Inzidenz und
Pravalenz von Herz-Kreislauf-Erkrankungen bei rheumatischen Autoimmunerkrankungen stieg
an und die Sterblichkeit erreichte 30% der Gesamtmortalitit aufgrund von Herz-Kreislauf-
Erkrankungen. Arteriosklerose gilt weltweit als Hauptursache fiir Herz-Kreislauf-Erkrankungen.
Traditionelle Framingham-Risikofaktoren erklidren die Ursachen der Arteriosklerose bei
rheumatischen Autoimmunerkrankungen nicht vollstindig, so dass andere Ursachen fiir dieses
Ereignis verantwortlich sind, die nicht traditionelle oder nicht klassische Risikofaktoren wie
chronische Entziindungen und Medikamente sind. Diese Fall-Kontroll-Studie versucht, den

Zusammenhang zwischen chronischen Entziindungen bei rheumatischen

Autoimmunerkrankungen und der Geféf3funktion in Form von Arteriosklerose aufzuzeigen.

Methode: Die Studie war eine Pilotstudie die in der Rheumatologischen Klinik der
Medizinischen Universitit Graz durchgefiihrt wurde. Die Studie besteht aus 3
Teilnehmergruppen, die erste Gruppe bestand aus Patienten mit rheumatoider Arthritis (RA) (n =
10), die zweite Gruppe bestand aus Patienten mit primérem Sjogren-Syndrom (PSS) (n = 10) und
die dritte Gruppe war gesunde Kontrollen (n = 10). Der systolische Blutdruck (SBP), der
diastolische Blutdruck (DBP) und der mittlere Blutdruck (MBP) wurden gemessen. Die
Pulswellengeschwindigkeit (PWV) von Femoral-Carotis-Arterien wurde unter Verwendung
eines Vicorder-Gerits gemessen. Der Endothelzelldysfunktionsmarker ADMA wurde im Labor
mit ELISA gemessen. Der Nachweis der retinalen Mikrovaskulatur erfolgte {iber eine CR-2-
Netzhautkamera, und die Analyse der Netzhautfotos erfolgte unter Verwendung des Mona Reva-

Softwareprogrammes.
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Ergebnisse: Die Studie zeigte, dass die Privalenz der Hypertonie bei RA-Patienten 80 %
betrdgt und die Privalenz der Hypertonie bei PSS-Patienten 40 % betridgt, wahrend die Privalenz
in der Kontrollgruppe nur 20 % betrug. Die Ergebnisse des gemessenen Blutdrucks wurden bei
SBP beobachtet (148 = 16 mmHg bei RA vs. 128 + 11 mmHg in der Kontrollgruppe; p - 0,007),
wihrend 135 + 16 mmHg bei PSS-Patienten im Vergleich zu 128 = 11 mmHg in der
Kontrollgruppe beobachtet wurden Gruppe p - 0,340. DBP bei RA (77 + 8§ mmHg, im Vergleich
zur Kontrolle 67 £ 6 mmHg; p - 0,010). Der DBP bei PSS-Patienten betrdgt 72 + 8§ mmHg
gegen. 67 £ 6 mmHg in der Kontrollgruppe: p - 0,190. MBP (RA 101 = 11 mmHg; im Vergleich
zu Kontrollkontrollen 88 +£7 mmHg, p = 0,010), wihrend MBP bei PSS-Patienten 93 + 10 mmHg
gegen. 88 £ 7 mmHg in der Kontrollgruppe ohne signifikanten Unterschied betrug: p - 0,240.
Der Plasmaspiegel des endothelialen Dysfunktionsmarkers ADMA war bei RA-Patienten (0,45 +
0,069 ng/ml) im Vergleich zu den Kontrollen (0,38 = 0,059 ng/ml) mit statistisch signifikanter (p
- 0,022) hoch, und der ADMA-Spiegel bei PSS-Patienten Gruppe war (0,43 + 0,060 ng/ml) im
Vergleich zu den Kontrollen (0,38 + 0,059 ng/ml) ohne statistisch signifikanten Wert. PWV und
retinale Mikrovaskulatur zeigten, obwohl sie im Vergleich zur PSS- und Kontrollgruppe einen

hohen Anteil an RA aufwiesen, keine statistische Signifikanz.

Schlussfolgerungen: Hypertonie ist bei theumatologischen Autoimmunerkrankungen im
Vergleich zu normalen Menschen sehr hdufig und da es keine andere Erklarung fiir Hypertonie
als endotheliale Dysfunktion gibt, gilt Hypertonie als frithes Zeichen einer endothelialen
Dysfunktion bei rheumatischen Autoimmunerkrankungen und Hypertonie ist die wichtigste
traditionelle Risikofaktor, der zur Arteriosklerose beitragt. Wir miissen auf Bluthochdruck
untersuchen und ihn durch die Kontrolle des Entziindungsprozesses bei rheumatischen

Autoimmunerkrankungen behandeln.

Schliisselworter: Hypertonie und endotheliale Dysfunktion; ADMA bei
Autoimmunerkrankungen; ein frithes Zeichen einer endothelialen Dysfunktion; die Privalenz

von Bluthochdruck bei Autoimmunerkrankungen; PWV bei Autoimmunerkrankungen.
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ABSTRACT

Background:

Autoimmune rheumatic diseases (AIRDs) are considered now challenging diseases concerning
diagnosis, treatment, and following up the patients. The number of patients is now greatly
increasing. AIRDs causes are not known but genetic, environmental factors play a role and
participate in its pathogenesis. AIRDs include the prototype of the diseases which are rheumatoid
arthritis and other diseases like systemic lupus erythematosus (SLE), Sjogren’s syndrome,
systemic sclerosis, myositis, dermatomyositis, and Psoriatic arthropathy. The incidence and
prevalence of cardiovascular diseases and cardiovascular mortality in AIRDs increased and the
mortality reached 30-50 % of all-cause mortality, most cardiovascular diseases developed in
AIRDs are due to atherosclerosis which is proven to be the major initiating factor of

cardiovascular problems worldwide.

Traditional risk factors like cigarette smoking, male gender, obesity, sedentary lifestyle, diabetes
mellitus, and hypertension do not fully explain the causes of atherosclerosis in AIRDs, other
causes are responsible for this event which is nontraditional or non-classic risk factors like
chronic inflammation and drugs used in treatment. This research depends on a comparison
between the diseased patients and healthy control. The major aim is to discuss the effect of the
AIRDs characterized by chronic inflammation on the function of the endothelium lining the

blood vessels and its relation to the atherosclerosis process.
Method:

A pilot study has been done at the Medical University of Graz in the rheumatology department.
The study consists of 3 groups of participants, the group was rheumatoid arthritis (RA)
consisting of 10 patients, the second group was primary Sjogren’s syndrome (PSS), consisting of
10 patients, and the third group was healthy controls 10 persons. Measuring blood pressure of
the participants including, the systolic blood pressure (SBP), mean blood pressure (MBP), and
diastolic blood pressure (DBP) was done. Pulse wave velocity (PWYV) of femoral-carotid arteries
was measured using a Vicorder device. Endothelial cell dysfunction marker Asymmetric

dimethylarginine (ADMA) was measured in the lab using ELISA. Detection of retinal blood
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vessels (microvasculature) was done by Canon (a CR-2) eye camera, and analysis of the

posterior compartment of the eye containing retinal vessels was done using the Mona Reva

software program.

Results:

The study showed that:

>
>

The prevalence of hypertension in RA patients is 80%.

The prevalence of hypertension in PSS patients is 40% while in the control group the
prevalence was only 20%.

The results of blood pressure measurement were seen in SBP (148 + 16 mmHg in RA
while it was 128 = 11 mmHg in the control group; p value - 0.007).

SBP was 135 £ 16 mmHg in PSS patients compared to 128 + 11 mmHg in control group
p value - 0.340.

DBP in RA (77 + 8 mmHg, while in the control group 67 + 6 mmHg; p value - 0.010).
DBP in PSS patients was 72 + 8§ mmHg as compared to 67 = 6 mmHg in control group: p
value - 0.190.

MBP was in RA group 101 £ 11 mmHg; versus the control controls 88 =7 mmHg, p
value - 0.010.

MBP in PSS patients was 93 + 10 mm Hg as compared to 88 £7 mmHg in the control
group with no significant difference: p value - 0.240.

The plasma level of ADMA (endothelial dysfunction marker)was high in RA group (0.45
+ 0.069 ng/mL) while it was in the control group (0.38 + 0.059 ng/mL) with statistically
significant (p value - 0.022).

The level of ADMA in PSS patients group was (0.43 + 0.060 ng/mL) as while ADMA
was in the control group (0.38 £ 0.059 ng/mL) with (P value - 0.06) and not reach a
statistical significant value.

PWYV and retinal microvasculature although they were high in RA as compared to PSS

and control group did not show statistical significance.
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Conclusion:

Hypertension is very common in AIRDs if we compared it to normal people and there is no
explanation for hypertension other than endothelial dysfunction. So, hypertension is considered
the early sign of endothelial dysfunction in AIRDs. Hypertension is considered one of the major
risk factors (traditional) which can initiate the atherosclerosis process. We must screen for

hypertension and treat it through control of the inflammatory process in AIRDs.

Keywords:

Hypertension as an immune disease - ADMA level in autoimmune diseases-an early sign of
endothelial dysfunction - the prevalence of hypertension in autoimmune diseases - PWV in

autoimmune diseases- autoimmune atherosclerosis.

1. Introduction

1.1 Autoimmune diseases and atherosclerosis:

Although the improvement of technology, the uses of new devices in the investigation and
diagnosis of the diseases, the true reason for atherosclerosis which happens in autoimmune
rheumatic disease (AIRDs), has not been understood [1]. Until now all the researches filled to
discover the main causes of atherosclerosis in AIRDs, as there are two theories, the first one is
well-known factors like age, gender, familial tendency, environmental factors, hypertension,

diabetes mellitus, and lifestyle-related factors, all these factors called traditional risk factors.

The second theory in atherosclerosis causes in AIRDs referred to non-traditional risks like
chronic inflammation, immune cells, cytokines, and antibodies [1]. In addition, still a debate
about the proportion of the contribution of each factor of non-traditional risk in process of

atherosclerosis in AIRDs (which one has a major role) [1].

Moreover, there are two types of atherosclerosis, primary atherosclerosis (no clear cause or

predisposing factors) which happens with aging. The other type is immune-induced
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atherosclerosis, which is called premature atherosclerosis [2]. From a clinical point of view,
atherosclerosis (arterial stiffness) is a predisposing factor to vessels diseases and cardiac diseases
and a leading cause of death in the general population and also in all autoimmune diseases. Here
the study tries to discuss the relationship between the role of chronic inflammation in form of

AIRDs, and the pathogenesis of atherosclerosis.
1.2 The challenge of autoimmune rheumatic diseases:

Rheumatic autoimmune diseases, sometimes called connective tissue diseases or collagen
diseases are challenged diseases, challenges for diagnosis, challenges for treatment, and
challenges for follow-up. They are diseases of unknown causes, but many factors can contribute
to them primarily genetic, environmental factors which can initiate or potentiate these diseases.
Other factors are considered risk factors like age, food, stress, etc. 5 to 7 % of normal people

affecting by collagen diseases [3]. Nowadays, new cases were daily diagnosed as AIRDs.

These diseases have been increasing all over the world, especially in developing worlds, no well-
known causes were detected for that increase [4]. Because no clear theories about the
pathogenesis of autoimmune diseases are known, this makes these diseases a challenging health
problem, plus the physicians find it difficult to diagnose these diseases and AIRDs can remain

undiagnosed for many years before diagnosis and in addition, these diseases are difficult to treat

[5].

AIRDs start when the human body recognizes its normal antigen as a foreign antigen and attacks
them. At this stage, the human body attacks itself and make dysfunctional in the normal
physiology and function of the body organs consequently, the pathological process started and
the symptoms and sign of the diseases appear [6]. The most dangerous disease as regard
mortality in autoimmune diseases family is systemic lupus erythematosus (SLE)(as it is difficult

to diagnose usually and is systemic from the start) [7].

The three main causes of death in ARDs come from; number one is the active diseases, number
two 1is infections (due to the use of immunosuppressive drugs), and number three is
cardiovascular diseases [8—10]. The rate of morbidity and mortality due to cardiovascular

diseases in ARDs became twice or three times morbidity and mortality in the normal population
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[11]. It is interesting that 33—50% of all death registered in connective tissue diseases come from

heart diseases alone [12,13].

It is well known that every relapsing attack of any disease is dangerous as this aggravates the
chronic situation and added more damage. Because of the recurrent relapsing attacks, the
outcome of the disease becomes worse, and the mortality due to cardiovascular diseases

increases [3].

The releasing cytokines and chemical mediators are considered the cornerstone of chronic
inflammation occurring in autoimmune diseases. These chemical mediators aggravate the
process of atherosclerosis [14—16], so it is not obvious which factors as tumor necrotic factors
(TNF), or Interleukins (ILs) contribute to aggravating the atherosclerosis process. It may come
from the inflammatory state of the disease itself or steroids and other immunosuppressive drugs

used, or from diseases complications.
1.3 Pathogenesis of autoimmune rheumatic diseases:

The connective tissue (CT) consists of elastin and collagen fibers. The CT is presented in all the
organs. Its function is to support the parenchyma of the different organs. Collagen fibers are the
main constituent of CT present in multiple organs including blood vessels, sclera, bones,
kidneys, lungs, joints, muscles, and skin. In a systemic inflammatory state, all the organs

mentioned will be affected throughout the inflammatory process and disease progression.

In the pathogenesis of AIRDs, the immune system recognizes self-antigen as a foreign antigen
and attacks it aggressively, initiating the auto-inflammatory process [6]. The attack of the
immune system against body organs leads to the release of mediators (cytokines and
chemokines), in addition to stimulation of the immune system to release the immune cells (
inactive) and conversion from immature to mature lymphocytes (T and B lymphocytes) with the
liberation of cytotoxic T cells and release of antibodies from plasma cell (differentiated from B

lymphocytes) directed against self-antigens. These events lead to the end-organ failure.

The predisposing causes of autoimmune diseases are an interaction between genetic and
environmental factors [6]. Autoimmune diseases depend on T lymphocytes in pathogenesis,

acting through activation of (T helper)Th 17 and Thl cells [18]. In addition, environmental
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factors may work as super-antigen and encourage the immune system to secret more antibodies
against modified self-antigens, these environmental factors include, toxins, ultraviolet radiation,
microbes, food additives, and the most important factor in modulating the immune system is the

stress which may stimulate the immune system directly and causing autoimmune diseases [18].

1.4.Autoimmune rheumatic diseases and vascular function (premature

atherosclerosis):

The following figure shows the relationship between traditional and nontraditional factors and

their effect on the development of atherosclerosis in ARDs:

Figure (1): The relationship between traditional and nontraditional factors and their effect

on the development of atherosclerosis in auto-immune diseases

(Reproduced from “Hedar et al, 2021 [220])

Traditional risk Non-Traditional risk factors

Fatty streak
factors . , i _ in autoimmune diseases
-Age Atheromatous plaque -Chronic inflammation
-Sex (innate and adaptive)
-Diabetes . : -Antibodies
bRt o) J . nigen-antibodies
-Hyperuricemia ' = complex
-Obesity Atherosclerosis -Complement
-family : -Inflammatory markers
history/predisposition — (cytokines, chemokines,
-Sedentary lifestyle " adhesive molecules)
Cardiovascular -Vasculitis
diseases -Medication

Additionally, the previous figure shows the relationship between traditional risk factors
including, age, sex, presence of accompanying diseases like diabetes or hypertension, obesity,
etc., and nontraditional factors like cytokines, antibodies, immune cells, etc., and their effect on

the process of atherosclerosis pathogenesis in theumatic diseases.
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1.4.1. Traditional risk factors in atherosclerosis:

Cardiovascular diseases are one of the most common causes of illness and death in AIRDs [19].
Although the research in the field of cardiovascular diseases and atherosclerosis process is in
progress, the true risk factors and precipitating factors that are blamed as the cause of
atherosclerosis in autoimmune diseases are not known, and there is a lot of controversy about
whether atherosclerosis comes from traditional or non-traditional risk. As mentioned before
atherosclerosis is considered the main risk factor in cardiovascular diseases in autoimmune

diseases. [12,20].

Diabetes mellitus, dyslipidemia, hypertension, hyperuricemia, age, sedentary lifestyle, male

gender, smoking, obesity, and metabolic syndrome, are the common traditional risks [12,21].

The new term, inflammatory cachexia is a term that describes what happens in the body during

active inflammation, where there is a state of hypercatabolism in the body due to liberation of
many cytokines like IL1, IL6, TNF alpha which acts as fuel to initiate, potentiate, and exaggerate
inflammation in rheumatic diseases [22]. Inactive diseases with the release of chemical
inflammatory substances (the cytokines, and other chemical mediators), these substances lead to
an increase in the normal rate of body metabolism in different ways and cause hypercatabolism

of muscle protein and body fats.

Moreover, these mediators lead to loss of appetite (anorexia) and feeling of hotness. All these
factors are supposed to decrease body weight (cachexia) [23, 24]. The clinical research has done
in this parameter illustrated that there is an increase in the body weight in RA patients during
active inflammatory conditions not decreases in the bodyweight [25-27]. However, increasing
body weight and obesity which are considered famous risk factors in developing atherosclerosis,
obesity has a good prognostic effect on cardiovascular mortality in RA if compared to the
mortality that happens to thin, low weight patients. RA patients, with a body mass index (BMI)
of more than 30 (obese), have a good outcome in diseases progression and prognosis if compared

to patients with low BMI, lower than 20 [28§].

“Lipid paradox” is a term used to describe the lipid profile in the active inflammatory condition
when all the lipid parameters: including, total cholesterol, low-density lipoprotein (LDL),

triglycerides, and high-density lipoprotein (HDL) cholesterol due to the state of increased
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burning (hyper catabolism) all the lipid profile decreased, then the lipid profile return to normal

or even increased when the active inflammation subsided (Lipid Paradox) [29].

Cigarette smoking is one of the oldest, most common risk- factors in the atheroma formation of
great vessels [30]. Smoking contains a lot of toxic substances that initiate inflammation of
vascular endothelium (oxidizing agents) and consequently unhealthy endothelium and increases
the risk of developing atherosclerosis and arterial vascular diseases in ARDs [31]. On the other
hand, the risk will increase if the smoking is combined with the presence of other antibodies like
anti-citrullinated peptide antibody (ACPA) or rheumatoid factor (RF) in the circulation ( non-
traditional risk) [32].

An increase in homocysteine levels in the blood is now considered one of the known classical
risk factors in the development of atherosclerotic process and peripheral arterial diseases [33],
Hyperhomocysteinemia is considered an important risk factor in the severity and prognosis of

cardiovascular events in autoimmune diseases [34].

Metabolic syndrome is one of the most important risk factors in atheroma formation, and
although the debate is still present about which has a worse effect on the progression of
cardiovascular events in autoimmune diseases, metabolic syndrome is associated with increased

risk and disease progression and worst outcome in autoimmune diseases [29,35].

Another factor shared in the development of vascular diseases is hyperuricemia which is well

known as part of metabolic syndrome considered a risk factor in ARDs [36].

Insulin resistance as part of prediabetes and an important part of metabolic syndrome may be

related to the atherosclerosis process in connective tissue theumatic diseases [29].
1.4.2. Non (common) traditional risk factors in atherosclerosis:

Now, we will discuss the uncommon risk factors for atheroma formation which means risk
factors that are not usually present in the population and defined as risk factors accompanying
specific diseases or drugs. In autoimmune diseases, these factors include antibodies, cytokines,

drugs side effects, and immune cells (see Figure 2).
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The physiological function of the chemical mediator nitric oxide (NO) on endothelial cells is
unique and specific for this type of cell. NO is a potent vasodilator and prevents thrombosis and
atheroma formation. In the active inflammation with the release of chemical mediators and
cytokines, the normal function of NO will be affected and endothelial dysfunction happens. The
result is vasoconstriction of blood vessels, endothelial injury, platelets aggregation, immune cells

migration, as well as increased tendency to vessel wall thrombosis and atherosclerosis [37].

As the result of finding T cell lymphocytes and B cell lymphocytes in the histopathological
analysis of atheroma so both T lymphocytes and B cells lymphocytes share in process of
atheroma formation, plus their role in the pathogenesis of all inflammatory diseases [38].
Researchers discovered the role of T lymphocyte cells, in process of atherosclerosis, T helper 1
cells (Thl) [39], and T helper cell 17 (Th17), both of these cells potentiate the process of
atheroma formation [14]. The protective role of T lymphocytes comes from T regulatory cells
(Treg) which prevent and protect the vessels wall from the process of atherosclerosis [40]. So,
the percentage of Th17 lymphocytes to the percentage of regulator T cells can detect to some
degree the process of atheroma formation, and also, this percentage is important in the study of

new medication used for controlling the disease during clinical trial [39].

Inflammatory cytokine TNF & is the most important cytokine (chemical mediators) in initiating
and maintenance of autoimmune diseases and immune atherosclerosis. Natural TNF ¢ is released
from many immune cells like T cells lymphocytes, macrophages, and in addition to endothelial
cells. As TNF & may initiate the inflammatory process or it potentiates inflammatory states, the
medication that antagonizes the effect of TNF 4, Infliximab (TNF & blocker), plays a critical role
in the control of acute inflammation and subsequently active disease management and prognosis
[41]. Another cytokine that has an important role in the inflammatory condition and
atherosclerosis is IL6, IL6 was found in high concentration in RA patients diagnosed as having
atherosclerosis [42]. Also, IL1 was found to participate in the process of atherosclerosis in RA

[43].

Antibodies, which are the main pathogenic factor in autoimmune diseases, are an important
nontraditional cardiovascular risk in autoimmune atherosclerosis. The researchers found a lot of
antibodies that have a role in the atherosclerosis process [44]. The first antibody implicated the

process of atherosclerosis in autoimmune diseases as a rheumatoid factor (RF), while its levels in

23



the plasma increased with arthritis activity and can predict disease prognosis of RA. Also, its
titer in the serum is correlated with vascular risk and increased cardiovascular diseases [45,46].
Another antibody needed in the diagnosis and prognosis of RA is anticitrullinated protein
antibody (ACPA) is another marker for diagnosis and prognosis, its presences indicate worse
prognosis and deformity formation and it was found that has a relation to cardiovascular

complication in RA patients [47].

Antinuclear antibodies (ANA) are a group of antibodies related to many autoimmune diseases
like SLE, autoimmune hepatitis, scleroderma, and RA, the titer of these antibodies correlates
with activity and severity of autoimmune disease, atherosclerosis, and cardiovascular
complication [48]. The presence of anti-DNA antibody, which is specific in the diagnosis of SLE
disease, was discovered that anti-DNA potentiates cardiovascular-related diseases [49]. Anti-
LDL antibodies are one of the new markers in cardiovascular research and they formed against
oxidized LDL. The presence of newly discovered anti LDL antibodies in the serum may show an
increase in the pathogenesis of atherosclerosis and unhealthy endothelial [50]. Some studies
suggested that the presence of anti-oxidized LDL antibodies in the blood may protect against the
atherosclerosis process [51, 52]. There are two types of anti-oxidized LDL antibodies, IgG and
IgM, the interesting is that IgM has a protective role against atherosclerosis, while IgG
potentiates atherosclerosis [50]. Antiphospholipid antibodies are one of the famous antibodies in
autoimmune diseases. Whether primary antiphospholipid antibody syndrome or accompany
another autoimmune disease (secondary antiphospholipid). Antiphospholipid antibodies are
responsible for thrombosis, ischemia, vasculitis, and accelerate all cardiovascular complications
[53]. Cryoglobulins are antibodies or immunoglobulins that precipitate at temperature 4 C in
vitro, it was found in many autoimmune diseases, like Sjogren’s syndrome and SLE, in addition,
it associated with hepatitis C virus vascular complication [54]. The presence of Cryoglobulins in
the circulation may indicate a sign of worse outcome as it can cause critical symptoms when this
globulin agglutinate and obstruct vessels of the peripheral circulation (when the temperature

becomes slightly low).

Cryoglobulins precipitate and obstruct the lumen of blood vessels leading to vascular ischemia
ranging from critical tissues ischemia up to tissue necrosis and gangrene in addition to vasculitis

[55], this vasculitis mostly accelerates endothelial dysfunction [56]. Anti-Ro and anti-La
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antibodies are antibodies essential in the diagnosis of some ARDs especially systemic sclerosis
in addition to their presence in other autoimmune diseases, some cases of congenital heart block
found in neonates of lupus patients may have anti-Ro, and anti-La antibodies in their plasma
[57], the researchers described that the presence of anti-Ro antibodies in adults primary

Sjogren’s syndrome patients may affect the heart and lead to complete heart block [58, 59].

As regards the situation of chronic inflammation, the recent guidelines of the European League
Against Rheumatism (EULAR) mentioned that chronic inflammation that presents in rheumatic
autoimmune diseases increase the cardiovascular risk by one and a half time more in rheumatic
patients if compared to cardiac patients without risk of chronic inflammation; this means that the
chronic inflammatory process can consider an independent risk for cardiovascular diseases and

equal to hypertension, diabetes.
1.5. Cardiac amyloidosis and relation to rheumatic autoimmune diseases:

Heart failure is one of the most common cardiac diseases. Heart failure has many causes like
ischemic, idiopathic (myopathy), preload failure, and afterload failure. The type of heart failure
in RA patients is normal cardiac output heart failure or in another term restrictive heart failure
(as the heart muscle fibers are good but the problem is the distensibility of the myofibril with an
inability to relax [60]. In the old researches, it was thought that ischemic cardiomyopathy present
in RA is mostly coronary vessels ischemia (coronary atherosclerosis), later it is discovered that
heart failure in patients with RA happens with normal systolic function (normal cardiac output
failure), this fact with normal cardiac function and normal ejection fraction could not explain by

ischemia of the coronary arteries [60,61].

Restrictive cardiomyopathy is one type of heart disease that leads to restrictive heart failure or
normal output heart failure. The restriction of the cardiac muscle is due to a rigid, stiff muscle
that happens mostly due to the deposition of substances in the cardiac muscle like iron, or
amyloid fibrils. As the result of chronic inflammation that presents in AIRDs, many acute phase
reactants and inflammatory proteins are present in the plasma, and these proteins can deposit in

organs causing disease of these organs.

The cause of restrictive cardiomyopathy diagnosed in rheumatic diseases may be due to the

deposition of heterogeneous acute phase reactants protein fibril in the myocardium [62]. The
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deposition of heterogeneous acute phase reactant fibril which showed by light microscopy
stained by Hematoxylin and Eosin stain may raise the possibility of Amyloidosis of the heart.
The old famous disease of Amyloidosis of cardiac muscles may arise as primary amyloidosis
(AL), (which is the most common cause of cardiac amyloidosis), AL is a hematological disease
(plasma cell diseases), while secondary amyloidosis, with the interaction and deposition of acute-
phase proteins amyloid A, resulted from chronic inflammation (chronic infection and
autoimmune diseases ) [63]. Primary amyloidosis, as mentioned is a disease of plasma cells, in
which the proteins (globulins) most probably can precipitate in the heart muscle and create
secondary amyloidosis. The accompanying chronic inflammation globulins can deposit in the
liver (the factory of acute-phase proteins) and the kidney (the filter of the blood) leading to
enlargement of these organs causing hepatomegaly and kidney causing tubular dysfunction and

loss of the proteins in the urine and causing nephrotic syndrome.

Due to the deposition of acute-phase reactant proteins, secondary amyloidosis can be shown in
all tissues including the heart muscle [64, 65]. So, the presence of secondary amyloidosis in most
AIRDs due to chronic inflammation and (as most AIRDs are not cured but controlled)most of
these diseases persist for more than 10 years, the results will be amyloidosis of the heart and an
increase in presentation of heart failure which appears to be one of the cardiac cause of mortality

in AIRDs especially in RA [62].
1.6. The relationship between hypertension and autoimmune diseases:

Recently, there is a controversy and debate about the issue of the relationship between elevated
blood pressure and rheumatic connective tissue diseases. Theoretically, increased blood pressure
is supposed to be a common sign in connective tissue diseases, simply due to the stress of the
disease. Most studies showed that hypertension presents with a great extent in connective tissue
rheumatic diseases and this high percentage is found mostly in the prototype of connective tissue
diseases, RA [66]. These papers showed big differences in the diagnosed elevated blood pressure
cases in autoimmune diseases [67—71]. Research papers reported that the prevalence of elevated
blood pressure in rheumatoid patients is 3—70% [72]. On the other side, another research found
that there are no differences in the results of blood pressure recording in rheumatic autoimmune

patients as compared to controls [73—78].
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Therefore, there is still a debate in the research papers about the most corrected number denoting
the percentage of elevated blood pressure in autoimmune diseases [3, 70, and 71]. The
questionable issue here is that some study-deny the presence of elevated blood pressure in
autoimmune diseases and mentioned that, in rheumatoid arthritis, hypertension is related to aging

not to the disease itself [79].

The two major elements of this study, hypertension and autoimmune diseases are influenced by
many factors like environmental factors and genetic factors, and the puzzle has still not been
resolved and the game of chicken or the egg issue is not being resolved. It was said at first that in
the chronic inflammatory condition of AIRDs, the cause of endothelial dysfunction comes from
chronic inflammation, chemical mediators, complement fixation, an antigen-antibody reaction
which ended by a disturbance in the normal equilibrium of body cytokines then vasoconstriction
(disturbance in nitric oxide production), and increased peripheral vascular resistance and finally

hypertension.

The other element of the game hypertension started firstly then led to an increase in the
mechanical force on the arterial wall with consequent injury of the endothelium lining. This
mechanical force starts the shedding of endothelial with the sequence dysfunction of endothelial
and loss of endothelial vasodilation ability. The loss of endothelial vasodilator function leads to
elevated blood pressure then arterial rigidity (loss of elastic fibers in the artery), stiffness, and
atherosclerosis. Relating to this theory, chronic inflammation is a co-factor in endothelial
dysfunction [80]. The interesting was that Roman and colleagues despite this information
mentioned that there is no difference in the reading of blood pressure between the control group

and rheumatoid group in his study [77].

Recently, it is well known that elevated blood pressure is considered the most important and
most dangerous traditional cardiovascular risk that can initiate and can fasten the development of
arterial rigidity (stiffness) and atheroma formation, and start cardiovascular diseases [21].
Besides hypertension, age is considered the second traditional risk factor that comes after
elevated blood pressure and shares in the atheromatous process and subsequent development of
cardiovascular events [80]. A major problem in AIRDs is when the patients developed elevated
blood pressure, it will be difficult to control if compared to the patients without hypertension

[81]. Steroids which are the cornerstone in the treatment of all autoimmune diseases could
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exacerbate or start hypertension in these groups of patients due to their effect on salt and water

retention [81].

Also, it is well known that the prevalence of hypertension in systemic lupus erythematosus
patients is very high, to a greater extent when the kidneys are affected by the disease. Most lupus
patients having renal affection including glomerular diseases (glomerulonephritis) or affection of
tubular function leads to elevated blood pressure via affection of glomerular filtration rate
(ischemia to the glomerulus) and subsequently salt-water retention through activation of the

renin-angiotensin system [82—86].

Recently, the new interesting data mentioned that hypertension in the new theories is considered
one of the immune diseases, it was found from animals studies that the absence of B
lymphocytes (eliminated by treatment with anti-CD 20 antibodies) can control hypertension
[87,88]. Also, as mentioned earlier about the relationship between T helper cells and T regulator
cells concerning atherosclerosis in autoimmune diseases, an animal study showed that the
interchange between the numbers of helper T lymphocytes 1 and helper T lymphocytes 17 as
compared to the number of regulator T lymphocytes cells can determine the progress of the

blood pressure reading [89,90].

Because the true causes of elevated blood pressure in connective tissue rheumatic diseases are
not known until now, the control of elevated blood pressure and hypertension is so difficult in
addition to no guidelines specific to deal with elevated blood pressure in connective tissue
diseases available [81], plus, one of the interesting issues in medicine is the relation between
steroids in inflammatory diseases as regard blood pressure, it is known that steroids produce salt
and water retention as most steroids have aldosterone hormone action this leads to increases in
blood pressure, but because of its anti-inflammatory effect, the steroids can decrease
inflammation and, consequently cytokine production ending by decreasing blood pressure [72,
91]. In recent research, angiotensin-converting enzyme inhibitors (ACEIs) drug family and its
relative selective angiotensin receptor blockers (ARBS) have been found to have
immunomodulatory function besides their effect on blood vessels as vasodilators, and as
mentioned before no specific guidelines for control of hypertension in autoimmune diseases are
available so most clinicians use traditional antihypertensive drugs in controlling blood pressure

[81,92].
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1.7. Rheumatoid arthritis:

The relationship between rheumatoid arthritis and cardiovascular diseases is old and well
known. The researcher found practically that the cardiovascular signs may appear before
rheumatoid arthritis is diagnosed and these signs are most probably due to accelerated
atherosclerosis which accompanies inflammatory conditions [93]. Also, the researcher found that
in RA patients cardiovascular events can exacerbate within one year of follow-up, even if the
patients without cardiovascular manifestations can have cardiovascular diseases after one-year

follow-up [94].

The cardiovascular risk factors in RA are like without RA but the only difference is that chronic
inflammation itself consider a risk factor and equals one and a half risk as compared to other risk
factors. These traditional risk factors alone couldn’t explain cardiovascular events and diseases
which happen in RA patients, especially the increased number of patients having premature
atherosclerosis within the disease course [95]. The researchers found that 70% of cardiovascular
diseases in RA patients presented due to traditional risk factors, while the other one-third of the

cases couldn’t find clear causes [96, 97].

So, from the above facts appear that about one-third of cardiac events whether coming from
premature atherosclerosis and coronary heart diseases or direct affection to cardiac muscle
through the inflammatory process, its causes unknown so this percentage most probably coming
from non-traditional risk, or we can say it is a combination of classical traditional and

nontraditional risk factors [98].

The cardiac clinicians defined the risk of cardiovascular diseases in RA patients like the risk in
diabetic (especially myocardial infarction risk) patients this means that the risk of inflammation
on the vessels equal the risk of macrovascular complication happen in diabetic patients. Ischemic
cardiomyopathy, resulting from coronary arteries atherosclerotic diseases as well as restrictive
cardiomyopathy in rheumatoid patients, are common clinical presentations, and also a leading

cause of death [99].

Humphreys (2014) mentioned that despite the new technology in the management of rheumatoid
arthritis patients and the newer discovery of diseases modified drugs (DMARDs), especially
biological DMARD:s, the death rate of rheumatoid diseases did not affect by these new drugs in
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the last 2 decades [100]. Another researcher Myasoedova (2017) said the opposite although the
difference is only 3 years, he suggested that the mortality decreased because of the new
medications especially biological drugs which control the inflammation directly through
antagonizing the effect of cytokines (TNFa& blockers) in the last 20 years [101]. Due to the
chronic inflammation in rheumatoid patients and due to the complication of rheumatoid within
the cardiovascular system, lung affection, and also kidney problems, the researchers mentioned
that the life span of rheumatoid arthritis patients may decrease 10 years or more as compared to

healthy group [102].

As mentioned before, the three main predisposing factors to death in connective tissue diseases
are cardiovascular diseases, diseases activity, and, infection, in RA, cardiovascular disease is the
most important cause of death in rheumatoid patients [103]; it represents about 30% of all
mortality in RA. The epidemiological studies showed that the number of people dye with RA is
triple the number of death in normal people [104]. The rheumatoid arthritis patients suffering

from sudden cardiac death are double the rate of death if compared to healthy persons [48].

The researchers found that there is a high percentage of Senescent T 4 helper (CD4+ CD28)— T
lymphocytes in rheumatoid arthritis patients. These types of cells are related to the process of
atherosclerosis and the increased amount of CD4+ CD28- was found in rheumatoid arthritis

patients having atherosclerosis of carotid arteries with increasing thickness of intima-media [44].

The titer of RF and ACPP is not related only to rheumatoid activity, and prognosis but related
also to atherosclerosis and cardiovascular risk [45, 46]. The study of flow-mediated dilatation on
rheumatoid arthritis patients shows impairments of brachial artery dilation in response to
ischemia [105,106]. In addition, study arterial stiffness in RA patients showed that there are
increases in arterial stiffness and sclerosis of big arteries in addition to increased carotid intima-

media thickness, all these findings suggesting premature atherosclerosis [107—111].

The biological drugs, used in RA (TNF & blocker) like Infliximab, work as competitive
inhibitors of the TNF & receptors, so it reverses the effect of TNF é. IL-6 blocker, Tocilizumab
(TCZ) also antagonizes the effect of IL-6 on its receptor site. This category of new biological

drugs which act directly on the same receptor of naturally occurring cytokines can treat the
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disease symptoms and get a better prognosis, and consequently improve all complications related

to the disease like arterial stiffness and improve atherosclerosis outcome [111].

In rheumatoid arthritis patients, although endothelial dysfunction affects the endothelial layer in
macrovascular and microvascular circulation, there is no evidence of a relationship between the

complications that happen in big or small blood vessels [112].
1.8. Systemic lupus erythematosus:

SLE is one of the most critical theumatic AIRDs. Systemic lupus is a systemic disease it can
affect many organs in the body but the most dangerous organs for mortality are the heart, brain,
and kidney, with poor outcomes. Early appearance of SLE at a younger age is usually associated
with poor prognosis and death. SLE affects young age ended by death while older age patients
have less severe manifestation (the disease can affect any age group) [20]. In the epidemiology
of SLE, the disease affects mainly the women, with a male to female ratio of 10:1 (childbearing

period), in the older age group this ratio decreases.

SLE, like other autoimmune diseases, pathogenesis comes mainly from the production of
autoantibodies that attack healthy tissues. When the immune cells recognize self-antigen as a
foreign antigen and start to produce antibodies directed against the nucleus, the disease start.
Anti-nuclear antibodies (ANA) and specific anti-double strand antibodies (anti-DNA). ANA is
not specific to SLE but its presences in circulation indicate autoimmune diseases, while anti-
DNA antibodies are specific to SLE and have a lot of patterns like diffuse, spiked, perinuclear,

and scattered.

Immune-complex deposition in blood vessels initiates inflammatory reaction and organ affection
[113]. Vasculitis which means inflammation of blood vessels is the cornerstone in lupus
pathogenesis and is the initiating point of endothelial dysfunction. The vasculitis is due to the
deposition of antigen-antibody (immune complex) in the vessels wall [114,115], however,
vasculitis can originate independently of immune-complex deposition by anti-endothelial
antibodies [114]. As the blood vessel wall inflammation is settled the endothelial cell becomes
not function well (endothelial dysfunction) with the development of a stiff and rigid wall vessel

(atherosclerosis) [12, 44].
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As still, the controversy about the cause of atherosclerosis in systemic lupus is not clear; it
appears that other factors related to the chronic inflammatory conditions and disease progression
are the cause of atherosclerosis [20,116], these nontraditional risk factors include antigen-
antibody reaction, immune deposition, immunosuppressive drugs used for disease control, and
cytokines, especially TNFd&. The researchers found that during the analysis of cytokines in lupus
patients when comparing between patients with atherosclerosis and patients without
atherosclerosis they found that IL10 cytokine is low in lupus with atherosclerosis while was high

in the patients who did not have atherosclerosis ( IL 10 was protective).

The serum concentration of cytokine IL-6 and cytokine IL-17 was high in SLE patients who
developed atherosclerosis. Also, they found that the number of T lymphocytes (T helper cells 17)
was lower in lupus patients without atherosclerosis and higher in patients with atherosclerosis.
The last finding is that the number of T cell regulators (which protect against atherosclerosis)
was higher in patients without atherosclerosis while the number was low in patients with

atherosclerosis [40].

Immuno-suppressive drugs like steroids have double effects in the disease progress in
autoimmune diseases, for example, the researchers found that high dose corticosteroids can cause
salt and water retention and subsequently hypertension, plus causing diabetes and diabetic
complications [117], while corticosteroids in a small dose (5 mg), suppress the inflammation and
become an anti-inflammatory drug and suppress atherosclerosis process [118]. The other drugs
used in the treatment the of system lupus-like hydroxychloroquine, the researchers found it has a
protective effect and immunomodulatory and can decrease diseases activity and subsequently

decreases all complication.

The problems of coronary arteries in SLE disease are considered the main cause of
cardiovascular diseases [119]. It was known that the majority of lupus patients aged between 35—
45 years have more risk of developing acute coronary syndrome, weather unstable angina, or
myocardial infarction and, with a high percentage of mortality, if the number compared to the
normal population [11, 20]. The number of lupus patients developing myocardial infarction is
twice in lupus patients as compared to control [119]. The researcher found in a follow-up cohort
of patients, the risk of myocardial infarction after 7 years becomes 8 times (in women aged 40 to

49 years) with high mortality [115,120].
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Lastly, women with lupus under the age of 45 years have an increased tendency to develop any
cardiovascular disease, these diseases like coronary heart diseases, myocarditis, hypertension
with renal involvement [121,122], pulmonary embolism, pulmonary vasculitis, pulmonary

hypertension, endocarditis, and stroke [123].

As mentioned above, the risk of cardiovascular disease in SLE patients is twice as the normal
population of the same age [124]. The mortality due to cardiovascular diseases in lupus may
reach 30-40 % of the total death and there is two peak of death, the first peak of mortality is due
to disease activity or the side effects of immunosuppressive drugs (infection) or due to renal
affection with end-stage renal diseases, these causes of mortality appear in the first 36 months of
the disease. The other peak of mortality happens after a long time and is due to chronic
inflammation and its complications this time may last up to 20 years from the start of diseases
and at this stage, the mortality is mostly due to cardiovascular diseases [20,116]. Avifia—Zubieta
(2017) mentioned that death from cardiovascular diseases (myocardial infarction) can present in
the first year of the diagnosis and this means the effect of inflammation on the cardiovascular

system especially coronary vessels is so aggressive [120].

The reactive hyperemic test flow-mediated dilation (FMD) was found to be impaired in lupus
patients; but here the impairment of endothelial dysfunction found was due to traditional risk
factors mostly older age patients with other risk diseases like hypertension, elevated blood sugar,
and kidney disease [125,126]. Also, research on arterial stiffness in lupus patients showed that
the increase in arterial stiffness is related to traditional risk factors hypertension and age, and one

of the non-traditional risk factors is glucocorticoid [127-129].

Carotid artery atherosclerosis showed that in young age lupus less than 35 years the percentage
was 21%, and the prevalence of atheromatous plaque reached 100% in older age women above
65 years [20,130]. This fact may originate from the aging process or disease activity through

these long disease duration or both [20].
1.9. Primary Sjogren’s syndrome (PSS):

PSS is one of the systemic (but mild) AIRDs, the disease affects mainly women more than 40
years. PSS is the disease of the exocrine glands mainly the salivary and lacrimal glands. The

pathogenesis of the disease is characterized by chronic lymphocytic infiltration, to the salivary
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and lacrimal glands then this lymphocytic infiltration leads to chronic inflammation, and at the
end destruction of the salivary and lacrimal glands, with an endpoint of dryness of the mouth
(xerostomia) and dryness of the eyes (xerophthalmia) [131]. As the PSS is a systemic disease it
can affect tissues different from lacrimal and salivary glands, it can affect blood vessels, thyroid,
heart, bone, joints, kidney, skin, and lung [132]. The research that discusses the cardiovascular
risk in PSS is little but the low number of studies illustrated that PSS affects blood vessels and
leads to a state of mild endothelial dysfunction, with subsequent stiffness and rigidity of blood

vessels, which ended by subclinical atherosclerosis.

The mild cardiovascular effects which happen in the patients of PSS cannot be explained due to
the participation of traditional risk factors alone [133]. Demirci (2016) mentioned that premature
atherosclerosis which happens in PSS is due to the use of steroids and abnormal lipid metabolism
or may be due to accompanying hypertension, which means that, the inflammation in Sjogren’s

syndrome is not the cause of mild vascular stiffness and dysfunction of the endothelium [134].

As regards the non-traditional risks in PSS, the researchers showed that the state of mild chronic
inflammation which accompanies the disease with the release of different cytokine, and immune
complex reactions, could contribute towards vascular dysfunction and atherosclerosis [135].
Oxidized LDL and anti-oxidized LDL antibodies, which their role in the atherosclerosis process
not known until now as they are atheroprotective or atherogenic. Anti-oxidized LDL antibodies
are low in PSS; on the other hand, anti-oxidized LDL antibodies are high in SLE patients so this
controversy in the role of these antibodies indicates that the anti-oxidized LDL antibodies have a

major role in the atherosclerosis process [51].

Previously, the main cause of death in PSS was lymphoma as most PSS patients have Non-
Hodgkin lymphoma after some time, and the possibility of chronic immune cells activation is
predisposed to the development of this type of lymphoma. With increased research related to
cardiovascular medicine, cardiovascular diseases became now the main first precipitating factor

of mortality in Sjogren patients [136].

As mentioned before, the presence of anti-Ro antibodies in adults with PSS patients may affect
the heart and lead to complete heart block [58, 59]; also, PSS can develop atherosclerosis and

subsequently coronary heart diseases with its complications [133,134]. The presence of
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Cryoglobulins and their agglutination in the vessels of PSS patients and the presence of these
globulins with a high concentration in the circulation may indicate a sign of worse outcome as
Cryoglobulins can develop severe symptoms due to precipitation in the peripheral circulation
(when the temperature becomes slightly low). Cryoglobulins precipitate and obstruct the lumen
of blood vessels leading to vascular ischemia ranging from critical tissues ischemia up to tissue
necrosis and gangrene in addition to vasculitis [55], this vasculitis mostly accelerates endothelial

dysfunction [56].

Thus, control of inflammation by anti-inflammatory drugs can reduce the inflammatory process
and subsequently improve the vascular condition and outcome and decrease the risk of atheroma
formation [111]. The following table shows some studies that confirm the relationship between

rheumatic diseases and the function of the endothelium:

Table (1): Some studies confirming the relationship between rheumatic diseases and the

function of the endothelium

Reproduced from (Hedar et al, 2021 [220]).

Author(s) Type of | Measurements Result of the | Comments

research used study

Kerola, et | Review article | Study the | 1. There are | The non-
al.,[93] outcome of using | good results in | traditional risk
drugs against | endothelial factors have a
inflammation and | function after | role in
their effect on | using anti- | atherosclerosis
endothelial inflammatory | in RA patients

dysfunction using | drugs for 6-12 | and need to

flow-mediated month control these
dilation and 5 factors for a
atheromatous ' better outcome
‘ Atheromatous
plaque in RA as regard
plaque and
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1.10. Endothelial (dys) function and atherosclerosis:

The endothelium layer, the innermost layer of blood vessels which regulates vascular tone,
prevents platelet aggregation, keeps smooth laminar blood flow, prevents leucocyte migration,
and prevents thrombosis. These physiological functions of the endothelium are carried out by
NO which plays an important role in keeping the human body homeostasis. Dysfunction of NO,
due to decreased release or decreased action, leads to endothelial injury, loss of normal function

of the endothelium, and starting the process of atherosclerosis [137—139].

NO is the main chemical mediator of the endothelium, synthesized by the enzyme nitric oxide
synthase (NOS). It uses L-arginine as a substrate for the synthesis of NO.
Asymmetricdimethylarginine (ADMA), is the competitive inhibitor of (an analog of L-arginine)
the enzyme (NOS). ADMA is naturally presented in the human blood in very low concentrations.
The antagonistic action of ADMA is done through competitive inhibition on the same substrate
site of the enzyme (NOS) [140,141]. Now all the evidence showed that ADMA is the most
important factor in endothelium dysfunction and is responsible for the initiating step in
atherosclerosis and cardiovascular events [142,143]. Decreased synthesis or decreased release of

nitric oxide was associated with failure of regenerating endothelial and atherosclerosis [144,145].

The term atherosclerosis consists of 2 parts athero and sclerosis. The first part athero is due to the

fat deposition within the macrophages plus, the affection of cytokines on intima with
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atheromatous plaque formation. Sclerosis means the effect on the media with hypertrophy of
muscle layer leads to the increased intima-media thickness in addition to converting of the elastic
fiber to collagen fibers resulting in increased rigidity, stiffness, and narrowing of the arteries.
Atherosclerosis in old theory was considered a degenerative disease that developed with
increasing age. Atherosclerosis now is considered a chronic immune-inflammatory disease and
not an inevitable disease because of the presence of immune cells and cytokines in addition to
lipoproteins in the cross-section of atherosclerosis [16,146]. This is the new immune theory of
atherosclerosis formation and there are many inflammatory factors other than hyperlipidemia
associated with its pathogenesis. Abnormal lipid metabolism (oxidation) in new theory in
atherosclerosis formation, coming after LDL molecule oxidizes and converted to oxidize LDL

and engulfed by macrophages and initiate the inflammatory process[147—151].

The immune system consists of two parts, the innate immune system, and the adaptive immune
system. First, The innate represents here in macrophages which shared in the initial step of
atherosclerosis through engulfing the oxidized LDL and initiating endothelial dysfunction,
through secretion of cytokines and another chemical mediator that lead to hypertrophy of smooth
muscle cells in the media ending by atheroma formation, vessel wall rigidity and narrowing
[152]. Second, The other arm of the immune system is adaptive which consists of immune cells
and antibodies shared in the process of atherosclerosis through B lymphocytes cells and T cell
lymphocytes [16,152], either T helper cells (1,17, regulator) or T cytotoxic cells (T8)sharing in
atheroma formation [153]. Both B and T cells are present in the cross-section of the plaque with

other fat cells ( foam cells) and fibrous tissue [154].

At the end of the atherosclerotic process, there is a change of smooth flow of the blood to
turbulence blood flow and more inflammatory reaction till at some stage rupture of the plaque,
and thrombus formation ended by cardiovascular complications [155]. The following diagram

illustrates the pathogenesis of immune-atherosclerosis:

Figure (2) A diagram illustrating the pathogenesis of immune-atherosclerosis

(Reproduced from “Hedar et al, 2021” [220])
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Figure2. Pathogenesis of atherosclerosis based on a possible new theory of autoimmune
atherosclerosis. ++ means (stimulate) while — means (inhibit). Reproduced from (Hedar et al,
2021 [220]).

1.11. Assessment of vascular function:

It is known that the discovery of endothelial dysfunction in the early stage is reversible but late
diagnosis becomes unfortunately irreversible changes. So the early detection of endothelial
dysfunction through the measurements of vascular function is important before starting
cardiovascular diseases and decreasing future morbidity, and mortality [143]. The most fatality
comes from heart failure including myocardial infarction, ischemic cardiomyopathy, and the

other cause of death coming from cerebral stroke [143].

Measurements of vascular function can be done directly through radiological ways to see what
happing in the vascular system or can measure indirectly through lab investigations. Radiological
investigations are easy to do and non-invasive, while blood markers give us an idea about the
function indirect by detection of the specific markers in the serum. The atheromatous plaque and
rigid arteries can be assessed by ultrasound devices; neck ultrasound is the most popular way to

assess atherosclerosis through detection of Carotid plaque and its intima-media thickness [156].
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Atheromatous plaque and carotid intima-media thickness show us the anatomical structure of the
vessel, while detection of arterial stiffness and rigidity reflects the arterial function. All these
non-invasive methods can detect subclinical atherosclerosis even before cardiovascular disease

starts [157,158].

Other than ultrasound many ways and maneuvers can diagnose endothelial health and related
vascular function [159]. So, the following figure shows some measurements used in clinical
research and practice including some blood biomarkers and radiological investigation for

detecting vascular function.

Figure (3): Some measurements used in clinical research and practice including some blood

biomarkers and radiological investigation for detecting vascular function.

Reproduced from (Hedar et al, 2021 [220]).
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1.11.1. Flow-mediated dilation (FMD):

FMD is considered the most famous and most important way to assess endothelial dysfunction
using an ultrasonic assessment device to measure the increase in brachial artery diameter from
baseline reading to maximum vessel diameter reaching it after stoppage of circulation in the arm
for 5 minutes. This maneuver depends on the state of hyperemia in the brachial artery induced by
inflation and deflation of a sphygmomanometer cuff to 200 mmHg or level above systolic

reading for 5 min [160-162].

The principle of FMD technique is with stoppage of the circulation for a time, accumulation of
different kinds of metabolite like nitric oxide, prostaglandins, and leukotrienes for example, after
stoppage point (distal to point of circulation stoppage) then after the return of the circulation to
the normal. The effect of accumulated chemical mediators leads to vasodilation of the vessel to

compensate for the need for tissues nutrients and oxygen.

In healthy endothelium, the occlusion of the vessel liberates these chemical mediators; these
mediators induce dilation of the vessel diameter after the return of circulation to normal. In
unhealthy endothelium, there is no dilation or little dilation after the back return of the
circulation to normal blood flow, most probably due to low levels of vasodilators nitric oxide.
Although FMD is the gold standard non-invasive method to detect endothelial function of the
brachial artery [163—165], the technique is operator-dependent, and another disadvantage is

stoppage of caffeine and vasodilator drugs for example before the measurement) [ 166—169].
1.11.2. Pulse wave velocity (PWV):

PWYV is the maneuver used for the assessment of vascular stiffness of big blood vessels. PWV
measures the speed of pulse wave transmission across the wall of the blood vessel, as when the
vessel walls become rigid the speed of wave transmission will increase, and the reverse when the
arterial wall is more elastic the speed of transmission will decrease [170]. The normal speed of
transmitted waves across the arterial wall is about 5 to 13 m/s, so the velocity depends on many

factors like age, weight, height, and blood pressure.

The diseases that affect collagen and elastic fibers in the arterial wall will affect elasticity and

stiffness of the vessels wall and consequently the velocity [52]. One of the most famous devices
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for detecting PWYV is the Vicorder device which is used to detect arterial stiffness. PWV device
needs two-point in the arterial wall to measure the speed of wave transmission between them.
The measure between the Carotid artery in the neck and the Femoral artery in the thigh is the
best way to measure the velocity between two major arteries. Two sensors are put above the two

arteries to detect arterial pulse waves [171].
1.11.3. Carotid intima-media thickness:

The use of an ultrasound device to measure the thickness of intima-media is an easy way to
detect endothelial dysfunction (atherosclerosis) [172]. As in the normal anatomy of blood
vessels, the thickness of the intima-media is 0.9 mm and the wall is smooth and no plaque is
found [164]. When the healthy endothelium loses its function and becomes unhealthy, there is an
increase in the thickness of the intima-media layer which can measure easily by ultrasound and

also can detect carotid plaque [173].
1.11.4. Retinal Imaging:

Another noninvasive new technique that can be used to assess vascular function in small blood
vessels in the retina. Retinal microvasculature can show the relationship between many risk
factors and small blood vessels and as we know the retina is the mirror of the brain. These
vessels can give an idea about what happens in the brain. Observation of retinal vessels in the
previous research showed that venules are not considered only as passive reacting vessels, that
change in their diameter occur according to change in the arteriole diameter, the venule represent

elements that can respond separately to the changes in the vascular regulation [174].

The researchers showed that dilation of retinal venules can be a sign of inflammation,
dysfunction of the endothelial, and also cerebral ischemia. Small narrow retinal arterioles can
indicate also dysfunction of the endothelial and most importantly hypertension changes [175]. It

is known that an increase in age can affect retina microvasculature [176].

Noninvasive detection of retinal vessels can be done using a digital retinal camera. There are two
types of retinal cameras the first one is a portable small retinal camera and the second one is
table bounded retinal cameras both of them are designed for taking photos to the eyes (anterior

and posterior segments) in a comfortable, quick, and, painless way. Retinal photos which have
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been taken by the camera are kept preserved on a computer until analysis of the data is required
and the data analysis is done using software programs designed to measure the average diameter

of arterioles and venules in the retina.

Through the analysis of retinal photos, the software programs measure the average diameter of
the largest six arterioles and the largest six venules running or emerging from retinal branches of
ophthalmic artery and veins. The distance that the software used is a zone between one-and half-
disc diameter starting from the optic disc margin [177]. The software program shows its results
in form of central arteriolar equivalent (CRAE). That means the diameter of retinal arteries is
emerging from the ophthalmic artery and central retinal venular equivalent (CRVE) indicating
the diameter of retinal veins drain into an ophthalmic vein in micrometer. Also, the program can

measure the ratio between the CRAE and CRVE.
1.11.5. Endo-pat test (peripheral arterial tonometry):

A new technique used recently to measure endothelial function in an automated way (not
dependent on the skill of the ultra-sonographer). The name of the test is the PAT scan which
measures the signal of peripheral arterial tone. This method measured the reactive hyperemia
from the terminal phalanges by measuring arterial pulsatile volume changes [178]. It is easy,

reliable, accurate, and automatically done, and not dependent on human factors, but is expensive.

1.11.6. Blood markers:

Many blood markers can be used in clinical research and laboratory to assess and measure the
function of the endothelial layer directly or indirectly (show Figure 3). Oxidized LDL a new
marker that can show us the possibility of atherosclerosis in high-risk patients can be measured
in the blood using ELISA. On the other hand, antibodies to oxidized LDL particles can be
measured also in the lab [148—151]. They may be protective or harmful on the endothelium and

have a role in the process of atherosclerosis (whether IgM or IgG).

Interestingly, it is well known for a long time that high-density lipoprotein (HDL), is the
scavenger of the circulation and prevents the atherosclerosis process. HDL is the only beneficial
cholesterol in the lipid profile as it works as a scavenger for LDL in the blood, the new

interesting knowledge is, when LDL becomes oxidized-LDL, the HDL molecule lost its normal
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physiological function as a scavenger for LDL and is converted to another molecule which is
pro-inflammatory HDL (PiHDL) [179]. ADMA, which is considered for a long time one of the
most unique and important blood markers used to determine endothelial dysfunction, was

measured in the lab by ELISA test to show the state of endothelial health [140].

Cryoglobulins is a protein that precipitates at low temperature and can cause vasculitis, it can
measure its presence in the blood in vetro in 4 C. it is found to be a good indicator for malignant
lymphoma transformation risk in Sjogren’s syndrome and also to diagnose vasculitis [180].
Antiphospholipid antibodies whether anticardiolipin antibodies, lupus anticoagulants, are popular
markers of vascular endothelium affection, in patients with primary or secondary

antiphospholipid antibody syndrome [181].

Pentraxin-3 is now considered one of the inflammatory markers shown to be high in
cardiovascular diseases and related AIRDs with cardiac affection [182]. Endocan is also a new
mediator of endothelial dysfunction used in the research lab and its presence in the blood in high

concentration indicates the presence of atherosclerosis and related cardiovascular events

[183,184].

2. Aims of the Research:

The aims of this research are represented by the following points:

» Specifying the relationship between chronic inflammation represented by AIRDs and
vascular function.

» ldentifying the speed of progress of atherosclerosis in AIRDs.

» Investigating the relationship between endothelial dysfunction and resulting hypertension
in AIRDs represented here in rheumatoid arthritis and Sjogren disease and comparing the
results to healthy persons.

» Stating the relationship between endothelial dysfunction and hypertension, cause or
result. Also, the relationship between traditional and non-traditional cardiovascular risk

factors is concerned with the atherosclerosis process in AIRDs.
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» Validating the effect of two different diseases on vascular function. RA is the prototype
of rheumatological autoimmune diseases with excessive inflammation. It is prolonged
disease duration and another disease with mild or moderate inflammation which is PSS.

» The specific aim was to use this data after the assessment of the results of the study for

bigger studies with more patients, including with other diseases like SLE.

> The hypothesis of the Research:

» The hypothesis is presented in the effect of chronic inflammation with the liberation of
cytokines and chemical mediators on the function of the endothelium lining of blood
vessels. These chemical mediators affect NO secretion and function, in addition to the
loss of endothelium regenerating ability and the possibility of atherosclerosis progression

due to this endothelial dysfunction.

3. Material and Method

3.1. Design of the Study and Population:

A case-control pilot study involving adults (>18 years) has been done at the Medical University
of Graz, at rheumatology clinic with 3 groups from February 2021 to March 2021. Each group
consists of 10 patients. The first group was the rheumatoid arthritis group (2 males, eight
females, 55 years +7years, 79kg +12 kg, only one smoke) and the second group was the primary
Sjogren syndrome group (10 females, 52 years + 8years, 57.5kg £16 kg, no one smoke) and the
third group was the control group (2 males, 8 females, 50 years +9years, 72.5kg +9 kg, 3 of them

smoke). Only 2 patients of the Sjogren group using steroids in low doses.

The recruitment has done by the rheumatology department and the measurements were done at
Landen Krankenhausen (LKH) outpatient’s clinic. The patient’s database stored in the
rheumatology department including all data about the patients was checked and as regards the
rheumatoid group, the Disease Activity Index was 3.5 (median) ( we used the clinical disease
activity index (CDAI), score range between 0—10 ) and as regard PSS group EULAR Sjogren's
syndrome disease activity index (ESSDAI), median 3(0-6).
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This was a pilot study, aiming to use data as a basis for sample size calculation in big future
studies. The patients had been chosen randomly from those who follow up in the rheumatology
clinic. The age-matched control group had been chosen from the person who works in the
hospital clinic. All patients had exposed to informed consent after the procedure was explained
to them and the blood sample taken for blood analysis of ADMA, serum creatinine, ESR, CRP,
lipid profile including cholesterol, low-density lipoprotein (LDL), and high-density lipoprotein
(HDL) level.

3.2. Inclusion / Exclusion criteria:

Male or female adults above 18 years old who were diagnosed with rheumatoid arthritis by the
2010 ACR/EULAR classification criteria and PSS patients who were diagnosed by the 2016
ACR/EULAR classification criteria attending the rheumatology clinic in the Medical University
of Graz without any previous history of cardiovascular or cerebrovascular diseases were
recruited for the study. Patients (who are ill, have active disease, are not oriented, who are
pregnant, or lactating women, having malignancy) were excluded, so the patients who
participated in the study were stable, having a good general condition, and not in active diseases

state. They come regularly for follow-up in outpatients’ clinics.
3.3. Ethical approval:

The study was conducted in accordance with the principles stated in the Declaration of Helsinki
as well as local and national regulations in Graz, Austria. Ethical approval for the study was
taken from the Ethical Committee unit at the Medical University of Graz under the number
(Project identification code: 32-283 ex 19/20). All the measurements were done in accordance
with the Declaration of Helsinki of 1964 and modified revision in 2013. The patients had a
successful discussion and they have explained carefully the importance of the study and study
aims. The maneuver was explained and written informed consent was obtained from participants

before sharing into the study.

3.4. Date storage:
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The study was adhered to the standards of reporting and was with the roles of the National Data
Protection act. Each participant in the study was assigned a code. Patients, control samples, and

data were stored.
3.5. Data collection:

During the period between February 2021 and March 2021, the study was done in the
rheumatology clinic at the main hospital of the Medical University of Graz, where the room
temperature was adjusted at 22-25C and the measurements were done at the same time for 3
days. A paper sheet (manual, original patient information) for every patient contains all
information about them as age, gender, weight, height, diagnosis, medication, lifestyle factors (
smoking, sports habit, alcohol). Also, this paper contained a manual recording of patients' results

and all information about participants.
3.6. Assessment of vascular function

3.6.1. Blood pressure measurements:

Blood pressure was measured in a quiet room using the Vicorder device (SMT medical GmbH &
Co.KG, Germany). The Vicorder device was present in the outpatient clinic room with the other
device Canon camera, in a separate room different from the room of measurements. After resting
off the patients for 10 minutes during which patients have explained the maneuver and consent
given. Then, participants were moved to the examination room in the clinic. The Vicorder
slandered elastic pressure cuff (7 cm in length) was used to measure blood pressure. The cuff
was installed above the right elbow joint (2 inches above the cubital fossa). Mean blood pressure
was calculated using internet websites (DBP+ one-third of pulse pressure). Using the software in
the connected laptop to start measuring blood pressure and finish with saving of the result. The
definition of Hypertension was used as systolic blood pressure more than 140 mmHg or diastolic

blood pressure more than 90 mmHg or the patients taking medication for hypertension.
3.6.2. Pulse wave velocity:

Pulse wave velocity is considered a famous way to assess the stiffness of blood vessels as when

the artery which contains elastic fiber converts to a rigid tube with hard collagen fiber, this
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change affects the wall dispensability and movements and consequently the speed of wave
transmission across the vessels wall. Vicorder device which measures the arterial wall stiffness
measures the speed of waves transmitted between 2 points through the wall of large arteries,
Carotid-Femoral arteries pulse wave velocity is a common way to assess arterial stiffness in
cardiovascular research. The Vicorder device was attached to a software program; this software
program analyzes the shape of the recorded wave and gives the speed of wave transmission
between these two points in m/s. It is an easy non-invasive way to measure arterial stiffness. The
first step in the study was for the patient to come to the office in the rheumatology clinic and
after about 15- 20 minutes of relaxation after they come. At the office, the patients have
explained the study and maneuver and have written consent and sign it. Then, the height, weight,
and blood samples were taken for the sake of the measurements in a quiet room in the
rheumatology clinic with a temperature adjusted at 22-25 C. The measurement started by
measuring the blood pressure of the patient in the right arm, then the patient’s data including

weight, height, age, gender were introduced into the software program.

Then a standard 10 cm blood pressure cuff will apply around the upper part of the thigh as high
as possible towards the groin and no space between the cuff and femoral artery. After the
detection of Carotid artery pulsation in the neck, another sensor (probe) will hold around the
neck with its small cuff above the right common Carotid artery pulsation (in the anterior triangle
of the neck just medial to sternocleidomastoid muscle). The distance between the 2 arteries
(Carotid and Femoral) was measured in cm, then the device started to measure the pulse wave
velocity with the progressive successive beat with the feet of the artery pulsation wave, and the
software program detect heart rate and best pulse wave to measure the wave velocity, then the
reading of the result of PWV, miter per second (m/s) recorded and saved in the program when

needed.
3.6.3. Retinal vessels diameter detection:

Canon automated camera (CR-2 Canon automated camera), which is responsible for retinal
visualization (posterior segment of the eyes). The camera is connected to the laptop. The patient
puts his or her chain on the camera and the examiner tries to adjust the pupil of the patient with
the screen until the examiner can see the retina clearly and the patient will fixate his right eye or

left eye on a point. The examiner takes a photo to show the optic disc in the center of the photo
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and central retinal artery and central retinal vein originated from the optic disc and their nasal

and temporal branches.

Then, the photos were stored on the laptop until it was transferred to another computer for photos
analysis. Then software program Mona-Riva (VITO, Belgium) was used for analyzing the
diameter of the six biggest arterioles and six biggest venules in the retina (within 2 disc space
distance from the optic disc margin (standardized), and the result will be given in a form of
central retinal artery equivalent (CRAE) and central retinal vein equivalent (CRVE) in
micrometer and the software also give what is called A/V ratio which is the percentage of CRA

to CRV. Then the results of CRAE and CRVE were stored.
3.6.4. Blood Collection:

After the participants were informed about the study and they signed the consent, then 10mL of
venous blood was collected from the left forearm (ante-cubital fossa vein) when the patients
were seated. Following that the blood sample was divided into two-part, the first blood samples
were analyzed immediately after collection at the routine blood analysis laboratory at the
Medical University of Graz main hospital (LKH), Austria. The routine blood test included serum
creatinine, erythrocyte sedimentation rate, C reactive protein, lipid profile including cholesterol,

low-density lipoprotein (LDL), and high-density lipoprotein (HDL) level.

Additionally, EDTA mixed blood samples were put in the icebox and transferred to the Medical
University of Graz, Department of Physiology, Otto Loewi Research Center. There the blood
samples were centrifuged at 1500G for 20 minutes at 4°C. After centrifugation, the superficial
part (serum) was obtained and was collected in small tubes then stored at -80°C until used for
detection of endothelial dysfunction marker ADMA later. ADMA test was measured using
enzyme-linked immunosorbent assay (ELISA), (Immunodiagnostic AG; Bensheim, Germany),
and the results were automatically calculated from the ELX800 ELISA reader, and data were

obtained. The reference range for the kits was between 0.29 to 0.63 ng/ml.
3.6.5. Data and statistical analysis

Statistical analysis of the data was done by using the software program named: Statistical

Package for Social Sciences (SPSS) with (version 26, SPSS Inc.; Chicago, IL, USA). The study
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analysis was done using a T-test to compare the rheumatoid group versus the control group and
Sjogren’s disease groups versus the control group. The data were presented as mean plus or
minus slandered deviation (SD). For irregular data (not regularly presented), we used the median
plus range. ANOVA and ANOVA — ANCOVA was used in the study to correct the effects of
covariates like height, age, and BMI. Additionally, person correlations of the parameters with

each other were analyzed also.

The description of statistics was shown as variants, a number, and mean+ standard deviation,
median, and range. Significant statistical difference was defined as a probability value ( p-value)
less than 0.05 which was considered mostly as the reference of statistical significance except

when the analysis needed an alpha level correction (Benjamini-Hochberg).

The study uses a correlation coefficient (r) factor to indicate the relationship between two
variants with results ranging between 1 and minus 1, which means correlation or relation in the
same direction(+1) and -1 indicating a proportional correlation in the other direction. 0—0.3
indicate no correlation, 0.4—0.6 indicate moderate correlation, while 0.7—1 indicate a significant

correlation between the two variant.

4 . Results:

The result of this study was very effective. I used the patient’s database which was available in
the rheumatology outpatient clinic at the Medical University of Graz. Uses of evaluating scores
in RA was (clinical disease activity index (CDALI, score range 0—10) and, the activity in our study
was 3.5 (median). As regards the evaluating score in PSS patients we used (EULAR Sjogren’s
syndrome disease activity index (ESSDAI, range 0—6) and, it was 3 (median). At the time of
measurements, all patients were stable, not distressed, and in good general condition during this

visit to the clinic.

The investigated groups consisted of 3 groups, the RA group were 10 patients; there were two
males, and eight females, their age was 55 + 7 years, their weight was 79 kg (median; 57-140),
one patient smoke cigarettes, four patients only were taking antihypertensive medication, no one
of the patients was taking vasodilators or diuretics to control their blood pressure, (these types of

medications couldn’t affect the results of measurements as we believe that). All the rheumatoid
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group was taking new biological therapy (disease-modified anti-rheumatoid drugs, DMARDS)
beside seven patients were taking older DMARDS, Methotrexate.

PSS group was also 10 female patients. Their age was 52 + 8 years, their weight was 57.5 kg
(median (49-145)), no habit of smoking in this group, no one of the patients was known to be
hypertensive. The group of PSS patients was not taking any specific drugs only symptomatic
medication except only one patient received Cellcept (mycophenolate mofetil), and two patients
used small dose prednisolone drug. We believed also these medications were used to control the

disease and didn’t affect blood pressure readings

The third group was a healthy control group consisting of eight females and two males their age
was 50 £+ 9 years and their weight was 72.5 kg (median, 60—105). 3 persons in the control group
were smoking. Two persons from the control group were known to be hypertensive with
diuretics and angiotensin-converting enzyme inhibitors. No one of the participants were taking
any anti-inflammatory medication; also, no one was taking any treatment for hyperlipidemia.
The following Table below illustrates the information of each group considering that data were

shown in form of mean + Standard deviation. (in some results median and range):

Table (2): General and specific data for the study participants. (Reproduced from “Mahdy
et al, 2021 [221]).

Variable | Control RA PSS

(n=10; 8 females) (n=10;8 females) (n=10;10 females)
Age Mean 50 £9Y Mean 55.3 £7Y Mean 52.2 +8Y
Smoking 3 Smoker 7 Non 1 Smoker 9 Non 10 Non

Weight Median 72.5 kg (60- | Median 79kg (57- | Median 57.5kg (49-
105) 140) 145)
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Disease Median 12(5-43) Median 5.5(0.5-15)

duration

S. Mean 0,79 mg/dl Mean 0,82 mg/dl Mean 0,78 mg/dl

creatinine

SBP 128+10 148+16 135+16

DBP 67+5 77+8 72+8

MBP 87+7 10110 93+10

ADMA 0,38umol/1 £0.05 0,45pmol/1 + 0.06 0,43umol/1 + 0.06

PWV Mean 8.69m/s + 1.78 | Mean 10.2m/s =+ | Mean 8.74m/s £ 1.64
2.31

Consequently, the study showed that the prevalence of hypertension in RA patients is 80%, and
the prevalence of hypertension in PSS patients is 40% while in the control group the prevalence
was only 20%. The definition of hypertension in the study was SBP more than 140 mmHg and
DBP more than 90mmHg or the patient treated for hypertension with medication. The results of
blood pressure measurement were seen in SBP (148 +£ 16 mmHg in RA vs. 128 + 11 mmHg in
the control group; p-value: 0.007), while 135 £ 16 mmHg was seen in PSS patients’ vs 128 + 11
mmHg in the control group p-value: 0.340. DBP in RA (77 £ 8 mmHg, as compared to the
control 67 = 6 mmHg; p-value: 0.010).

DBP in PSS patients is 72 + 8 mmHg in vs. 67 £ 6 mmHg in control group: p-value: 0.190.
MBP (RA 101 + 11 mmHg; compared to control controls 88 7 mmHg, p-value: 0.010), while
MBP in PSS patients was 93 + 10 mm Hg vs. 88 +£7 mmHg in the control group with no

significant difference: p-value: 0.24. But when we compared the autoimmune diseases groups
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to the control group we found significant differences in level in the blood pressure (SBP, p-

value: 0.02, DBP, p-value 0.01, MBP, p-value: 0.02).

Excluding the cause of elevated blood pressure was kidney diseases; the study found that the
serum creatinine level in the blood for all patients was within the normal range plus, the urine
analysis of the patients, and glomerular filtration rate (GFR) were also within normal. RA group
serum creatinine was (0.82 = 0.16 mg/dl), PSS group (0.78 +0.18), control group serum
creatinine (0.79 £ 0.04). The result of GFR in the RA group was (82 + 21 ml/min), the GFR of
the PSS group was (90 = 21 ml/min) while the GFR of the control group was (88 £ 9 ml/min).
The study found no correlation between elevated blood pressure and kidney function (0.154)

when used serum creatinine as a variable in relation to blood pressure.

The effective finding in the study was the heart rate difference between the three groups.
Although all the patients were in a complete state of physical and mental rest and they stayed
more than 20 minutes in bed rest but the heart rate was interesting. The heart rate of the
rheumatoid group was 76 + 12 beat/minute, PSS patient’s heart rate was 66 + 11 beat /minute.
While the heart rate of the control group was 64 = 10, this may indicate affection of heart rate in

the RA group.

The plasma level of endothelial dysfunction marker ADMA was high in RA (0.45 mole/L +
0.069 ng/mL) patients as compared to controls (0.38 mole/L + 0.059 ng/mL), statistically
significant (p-value: 0.022), and the level of ADMA in PSS patients group was (0.43 mole/L +
0.060 ng/mL) as compared to controls (0.38 + 0.059 ng/mL) with no statistical significant value,
as table (2) previously showed.

As regards, other routine lab investigations show: The lipid profile shows: total cholesterol of
RA group (268 +55 mg/dl), PSS group total cholesterol was (182 +28 mg/dl), control group total
cholesterol (228 + 25 mg/dl), with no statistically significant differences between all groups.
Triglyceride level showed in RA group (157 £ 58 mg/dl), PSS group (91 £32 mg/dl), while
control group (177 + 11 mg/dl). Serum LDL cholesterol showed in RA group (165 £+ 50 mg/dl),
PSS (104 + 20 mg/dl), control group (129+ 7 mg/dl). HDL cholesterol in RA group (70 + 14
mg/dl), PSS (63 +£16 mg/dl), control group (73 £ 16 mg/dl).
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There was a correlation between age and blood pressure measurements in the diseased group
(0.714). That means increasing age is associated with increased blood pressure (the patients were
young age) but not in the control group (0.408). ESR result for three groups shown, in the RA
group ESR was12 + 7, while in the PSS group it was 14+ 5. CRP test result for diseased groups,
was in the RA group 3 2, while in the PSS group it was 1.8 +1.5.

There is no significant correlation were seen between ADMA levels and blood pressure this
means that no direct relation between increased ADMA and elevated or decreased blood
pressure, and the correlation coefficients were SBP (0.431), DBP (0.178), or MBP (0.321). Also,
No correlation coefficient was found between ADMA levels and disease duration, this means
that increased disease duration is not associated with an elevated or decreased level of ADMA
(0.06). The results showed that there was a negative significant correlation between ADMA and
CRAE in the disease group, this means with an increased ADMA (endothelial dysfunction) level
the diameter of retinal arterioles will decrease (PSS more than RA) (-0.517).

No correlation between age and ADMA level was seen in the results (0.13); this means
increasing age is not associated with endothelial dysfunction, but ADMA level correlates with
increasing weight (0.612). As mentioned before that ADMA is considered one of the
nephrogenic toxins, there is a correlation between ADMA and creatinine level (0.525). No
significant correlation between ADMA level and arterial stiffness (PWV) (0.348), but there was
a positive correlation only in PSS as it was observed (0.669) and this means endothelial

dysfunction in PSS can associate with arterial stiffness.

Using the Vicoder device to record arterial stiffness between two major arteries carotid and
femoral showed that pulse wave velocity results were different between the three groups, the
speed of the wave in the RA group was (10.2 + 2.31 m/s), while the speed of transmission in PSS
group was (8.74 £ 1.64 m/s), and the speed in the was control group (8.69 = 1.78 m/s). As
mentioned there are differences in the results, especially between the RA group and the control
group but these results did not reach statistical differences between all groups, and also the

reading of high PWYV was in patients with high blood pressure (Table 2).

As shown by patients with high blood pressure and high PWV, the correlation between blood

pressure and PWV showed there is a significant positive correlation between blood pressure
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results and pulse wave velocity in the diseased groups and also in the control group. In the RA
the correlation was in SBP (p = 0.02), but not in DBP (p = 0.12), MBP (p = 0.04), in PSS group,
statistically significant correlations between SBP (p = 0.003), DBP (p = 0.09), and MBP (p =
0.01), these means change in blood pressure associated with change in arterial stiffness. Also, the

results of the control group gave significant correlations only in SBP (p = 0.02).

As mentioned before that age has no correlation with the ADMA, here there was a significant
correlation between increasing age and arterial stiffness (PWV) in all the three groups together.
That means, with increasing age, arterial stiffness will happen due to replace of elastin by
collagen fibers(r = 0.703). The results showed that PWV did not depend on diseases duration
(may be the activity of the diseases) so no correlation between disease duration and arterial

stiffness (PWV) was found (r = 0.179).

The results of retinal photos analysis by the Mona Reva software program showed RA group the
diameter of CRAE (138 mics £ 6, p = 0.125), in the PSS patients group (146 mics £ 17, p = 0.58)
and the control group (151 mics + 21). This analysis of retinal arteriole showed no statistically
significant differences in the diameter of arteriole between the diseased groups and healthy
controls, but the diameter of CRAE in RA patients is low (constricted), as compared to the
healthy group and also PSS group. As regards the analysis of CRVE, there was no difference in
retinal vein diameter between the diseased and healthy groups. The following table shows
statistical differences between the diseases group RA and PSS and the control group. All the

results were compared to the control group:
Table (3): Statistical differences between diseases (group RA, PSS, and control group)

Reproduced from (Mahdy et al, 2021 [221]).

variant RA PSS RA+PSS
SBP 0.007 0.340 0.023
DBP 0.01 0.19 0.01
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MBP 0.01 0.24 0.02
ADMA 0.02 0.06 0.02
PWV 0.07 0.48 0.18

Moreover, a study of the correlation between the groups showed that there was a significant
negative correlation between CRAE and ADMA (-0.517) this means an increase in ADMA
(endothelial dysfunction) will be accompanied by decreased retinal vessels diameter. Weight (-
0.482) increased weight, the vessels diameter will decrease. BP (-0.465), increase blood pressure
will decrease the diameter (brain microvascular autoregulation). height (-0.578). These results
were seen only with CRAE in the diseased group, not the control group. Regarding the lipid
profile, no correlations were found between cholesterol level values and all the other parameters.
This means no relation of cholesterol and blood pressure (0.252), also no correlation between
endothelial dysfunction (ADMA) and cholesterol level (-0.105), cholesterol level and arterial
stiffness (PWV), no correlation (0.13), cholesterol level, and CRAE (0.17) no correlation was

secn.

5. Discussion:

This study tried to compare AIRDs represented here by RA and PSS patients to healthy people (
the study did not compare between RA which is a very common disease with high incidence and
prevalence against another less common disease PSS with fewer data). The study here was
aiming to compare complications of chronic inflammation that happens in these diseases to the

normal population.

Until now, there is still no evidence about the true number of AIRDs suffering from hypertension
and the relationship between chronic inflammation and vascular changes in AIRDs. The study
tried to resolve this debate and reach conclusive results and add important and interesting data in
this field of research. I hope to use these data to plane more large studies in the near future and
although the study was a pilot study with a small number of participants, the study found

statistically significant differences between the three groups and tried to resolve the issue
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between researchers if, hypertension primary is responsible for endothelial dysfunction and

arteriosclerosis or the chronic inflammation leads to endothelial dysfunction then hypertension.

As the study stated that the prevalence was 80% in the RA group and hypertension prevalence
was 40% in PSS while hypertension was 20% in the healthy matched control group. So, the high
prevalence of hypertension in both diseased groups, and, as no explanation for hypertension was
appeared other than endothelial dysfunction, so that most probably endothelial dysfunction
which resulted from chronic inflammation is responsible for hypertension. Consequently,

hypertension is responsible for premature atherosclerosis presented in AIRDs.

The study showed that elevated plasma ADMA levels in diseased groups accompanied by high
blood pressure, especially in RA patients and these results confirmed that there was associated
endothelial dysfunction in the patients' groups. At the time of examination, the results of arterial
stiffness and retinal small vasculature not showed effects on the macro- or microvascular system.
The study used PWV to measure the arterial stiffness and asses macrovascular function and used
a Canon camera to assess microvascular function in the retina represented here by CRAE and

CRVE.

As mentioned before the true percentage of hypertension in AIRDs is unknown. Some studies
reported that there is a difference between diseases and control with varying degrees, and other
studies showed no difference in the percentage of hypertension between the diseased and healthy
groups. [185,186,187], others mentioned that the prevalence of hypertension may be high but it

1s underestimated [188].

The mechanism of hypertension in AIRDs is most commonly due to the effect of chronic
inflammation on the endothelial cells, as well as a state of chronic vasculitis present due to
immune-complex deposition or vasculitis in situ affecting endothelium and decreasing release of
potent vasodilator NO ending by vasoconstriction and elevated blood pressure [189]. The
elevated blood pressure may be due to medications like steroids or nonsteroidal anti-

inflammatory drugs [190].

The other important question does hypertension as a mechanical force is responsible for
endothelial injury by shearing stress and affects endothelial cell lining leading to dysfunction of

the endothelium with loss of vasodilator function (NO) [191]. Or, the chronic inflammation in
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AIRDs 1is responsible for endothelial dysfunction with loss of vasodilator capability of the
endothelium accompanied by hypertension, then progress to arterial stiffness and premature

atherosclerosis [192—194].

Several studies have tried to resolve this controversy and reach conclusive results without
success. Konukoglu and Uzun mentioned that in their research that they did not reach to
conclusive opinion as inflammation cause hypertension or hypertension cause inflammation
[195]. Kim Lauper and colleagues' opinion was, due to chronic inflammation in autoimmune
diseases there is an affection of inflammation on lipid metabolism and consequently
atherosclerosis process and then blood pressure reading changes, which mean hypertension in

AIRDs is primarily due to abnormal lipid metabolism.

Here the prevalence of hypertension was higher than most studies have done before. One
research was done by Roman and his colleagues and they found only 18% of the patients had

hypertension [196].

In another study, Han and his colleagues did a large cohort study and they found that the
percentage of hypertension in their cohort was 34% in the RA patients group while the
prevalence was 23% in the controls group [197]. Maxime Dougados in his research with his
research colleagues found that the hypertension prevalence in the rheumatoid arthritis group was
11% [198], while Roman and colleagues again in another study did one year before his previous
study [196], he reported the prevalence of hypertension was only 3% [199]. Another study
showed nearly the same results as our study, Chung and his research colleagues mentioned that

the prevalence of hypertension was 73% [200].

Without proceeding with any statistical results, Panoulas and his colleagues reported that
hypertension was very common in AIRDs but unfortunately remains underestimated [201]. Here
in my study, I think the differences in the results of blood pressure measurements in all these
studies may be related to number one, the human skills in measuring blood pressure and second
to the number of diseased patients recruited in every study, the third reason may be the definition
of hypertension used by every study (In this study, Hypertension was defined as patients taking
antihypertensive drugs or having a previous reading of persistently elevated blood pressure and

did not take medication or systolic blood pressure higher than 140 mmHg and diastolic blood
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pressure was more than 90 mmHg during study measurements), the fourth reason is the ethnicity
of the patients recruited, the fifth is the diseases duration and diseases activity which reflects the
general condition of the patients (relapse or remission), and time of measurements before or after

the antihypertensive medication intake.

Other studies simply reported that the difference in the blood pressure reading in the rheumatoid
group and the presence of hypertension in RA is not due to the disease but due to the advancing
age of the patients [200,202,203], but in our study, there was no significant correlation between
age changes and blood pressure measurements in the healthy group. The results of this small
study were significant, as the study added some knowledge to the literature as regards the

prevalence of hypertension in AIRDs.

The results of this study were confirmed by the same results of Rossi and his colleagues. Their
results showed that endothelial dysfunction was the cause of hypertension [204], but on the other
hand, Shimbo and his colleagues had another opinion as they mentioned that hypertension was
the cause of endothelial dysfunction not a result of it [205]. Taddei and his research colleagues

showed in their study that hypertension is not a cause of endothelial dysfunction [206].

But, we still need another research to confirm our results with a big number of the patients and
also to confirm who comes first hypertension or endothelial dysfunction and our thought which
consider that, endothelial dysfunction is the cause of hypertension in AIRDs because of finding
high levels of ADMA in the diseased groups. These results confirmed our hypothesis that

hypertension present in AIRDs most probably comes from chronic inflammation.

The following question needs to be answered, Is atherosclerosis, that happens in AIRDs, due to
nontraditional risk factors including chronic inflammation, drugs used in the treatment of AIRDs
?. Or is it due to traditional risk factors like hypercholesterolemia, age, hypertension, and male
sex. All studies discussing the relation between AIRDs and atherosclerosis concentrate on
traditional and nontraditional risk factors affecting the progress of the atherosclerosis process and
these studies compare between traditional factors themselves which one has a great role and

which one has a minor role in atherogenesis (especially hypertension and age).

The results of arterial stiffness are aimed at measuring the PWV changes in AIRDs. The study

showed that, by the time of measurements, there was an increase in PWV for rheumatoid patients
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as compared to the healthy control group; however, these results did not reach statistical
significance values. Interestingly, the patients who expressed higher arterial wave speed were
also having elevated blood pressure, so the question here is whether levels of higher PWV were
due to previously elevated blood pressure or related to chronic inflammation?, the study
recommended both answers were true, and the inflammation cause elevated blood pressure
(hypertension) and consequently hypertension causing an increase in speed of pulse wave across

the arterial wall (arterial stiffness).

Most, if not all the other studies have shown that there is a high prevalence of arterial stiffness in
RA patients [207]. Kocabay and his research colleagues mentioned in their study that high speed
of pulse waves across the arterial wave due to arterial stiffness has been found in some AIRDs
like Bechet’s disease, SLE, and RA patients [208]. Wang and his research colleagues had on
SLE patients a meta-analysis, the meta-analysis also showed an increased arterial stiffness done
by PWV [209]. Another research have done by Awalia and his research colleagues showed that
the rate and progress of arterial stiffness of the blood vessels seen in RA is not related to the
disease duration but related to the degree of disease activity, that means, greater the activity and
inflammatory status of the disease, greater the arterial wall rigidity and stiffness and these

reflected on the symptoms and sign [210].

While Dzieza-Grudnik and his research colleagues found that no difference was presented in
PWYV and arterial stiffness in active rheumatoid arthritis with short disease duration [211]. Our
study did not find any difference in arterial stiffness between PSS patients and the control group
at the time of measurements, Sabio and research colleagues showed that there was an increase in
arterial stiffness (PWV) reading in PSS patients [212]. On the other hand, Atzeni and his
research team found that there was no difference in arterial stiffness between PSS patients and
the control group [213]. Another meta-analysis has done by Yong and his research team in the
PSS patients and they found a high prevalence of PWV and arterial stiffness was seen in these
groups of patients [214]. As the study did not find at the time of examination, there were any
differences in PWVs and arterial stiffness in the primary Sjégren group as compared to the

control group.

The difference between this study and others is in the results. For example, the duration of the

diseases was short (median 5 years) and the other studies use different age groups and different
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disease duration plus here the age of the participant was slightly younger and maybe the
difference in the ethnicity of patients recruitment or the degree of disease activity or disease

duration [199].

Regarding the results of ADMA in the plasma, this study supposes that there was a high level of
endothelial dysfunctional marker ADMA in the rheumatoid group and also in the Sjogren’s
group as compared to healthy control. Nearly all the studies have done discussing the
relationship between autoimmune diseases and ADMA were positive results [213]. For example,
the study results were similar to Erre and his research colleagues as they mentioned that ADMA
was high in their study, they did a meta-analysis that included many studies and they confirmed
that there was a higher ADMA level in autoimmune diseases as compared to controls [215]. This
means that all the autoimmune diseases show some degree of abnormal function of the

endothelial cells due to chronic inflammatory situations.

As we know the researches that discussed the relation between retinal microvasculature and
other diseases or even risk factors for the diseases is low and in the field of autoimmune diseases
and retinal vessels diameter, it was only a few studies that discussed this issue, especially the
relationship between RA and PSS and retinal vessels diameter. Although most studies discussed
the retinal vessels whether arteriole or venule mentioned that the venules are often passive
structure follow changes in the arteriole but the interesting finding was one study showed that the
retinal venular diameter did not follow the arterial changes and there was an increase in venular
diameter (CRVE) in the rheumatoid group, this changes may be due to the effect of chronic

inflammation on retinal venules [216].

Moreover, Van Doornum and his research colleagues found a change in venular diameter in
rheumatoid diseases as compared to a normal healthy person with wider retinal venular diameter
but not in CRAE [217]. In this study, by the time of examination, the study did not find any
significant statistical differences in the retinal vessel diameter (CRAE, CRVE) between the
diseased groups, RA and PSS, and the control group. However, the study found that the diameter
of retinal arteriole (CRAE) in the RA group was smaller than the diameter in the Sjogren’s

syndrome and also the control group.
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The results of smaller retinal arteriolar diameter in the RA group have been found in the patients
with elevated blood pressure reading, so the decreases in the diameter of CRAE were available in
the rheumatoid group was most probably due to the elevation in blood pressure. The explanation
of this phenomenon is most probably because of elevated blood pressure on brain vessels. As we
know high blood pressure can affect brain (retinal) microcirculation to produce vasoconstriction
and consequently smaller arterioles to keep a constant blood supply to the brain. So, the effect of
elevated blood pressure on the retinal vessels is greater than the effect of inflammation in

decreasing the diameter of arterioles [218].

In the future, other studies are needed to explore the relation between retinal vessels diameter
and other diseases to show the effect of these diseases on the microvascular circulation easily as

the scientist mentioned before-the retina is the mirror of the brain-.

As a result, the debate about the real prevalence of hypertension in AIRDs is still available and,
as mentioned, the prevalence of hypertension is very high up to critical numbers in our study(
nearly all the RA patients who participated in the study had hypertension). And as the study
found, the age of the patients was younger as compared to control and the prevalence of
hypertension in Austria was low especially at this age level. In addition, as there was no cause
explaining the elevation in blood pressure in the patients (as kidney function was within normal
range and no steroids drugs were used by the patients), thus finally, no definite cause of elevated
blood pressure in this patients group other than abnormal endothelial cell function (endothelial
dysfunction) as shown by elevation of blood endothelial dysfunction markers ADMA level in the

diseased groups.

No guidelines were available in the treatment of hypertension in autoimmune diseases, so the
clinicians use the traditional antihypertensive medication to control blood pressure in

autoimmune diseases suffering from hypertension [200].
5.1. Limitations of the Research:

Although a low number of patients participated in this study because of the Coronavirus
pandemic, the study got excellent results. So, we will use the pilot study data which we got as a

basis for calculating a bigger study with more patients and other autoimmune diseases in future
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epidemiological studies discussing the relation between vascular dys (function) and autoimmune

diseases.
6. Conclusions and future directions:

The relationship between autoimmune diseases and the function of the vascular system is very
complicated. Due to the chronic inflammatory process which distinguishes the autoimmune
diseases, this inflammation will affect endothelial cells lining the blood vessels then the
endothelial cells will lose their normal regenerating power and consequently homeostasis
function with disturbance in the equilibrium between chemical mediators they release. These
changes in cytokines and chemical mediators lead to vasoconstrictor due to loss of NO and its

vasodilator function.

Based on the results of the study and as mentioned before about the debate among researchers
about the contribution of traditional and nontraditional risk factors in process of atherosclerosis
and which factor has a major role in this process and which factor had less participation in the
process of atherosclerosis, the study suggested that nontraditional risk factors, represented here
in chronic inflammation, initiate the process of premature atherosclerosis through one of the
traditional risk factors which are hypertension. Hypertension is considered the major and most
important traditional risk that helps to begin the process of premature atherosclerosis and the

presence of hypertension in AIRDs is considered an early sign of atherosclerosis [219].

Technically, hypertension as mechanical force leads to shearing and injury of endothelium cells.
This process potentiates the inflammatory process in the endothelium with the remodeling of
blood vessels and as the inflammatory process continues with active disease, the vicious circle
persists. Injury with more inflammation, more endothelial dysfunction, and more rigidity and
stiffness of blood vessels end by premature atherosclerosis. To summarize, the following figure
illustrates the pathway of premature atherosclerosis and the relationship between chronic

inflammation and the cardiovascular system:
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Figure (4): The Relationship between Chronic Inflammation and Cardiovascular System.

(Reproduced from “Mahdy et al, 2021” [221])
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In conclusion, the study recommends detection of elevated blood pressure is important, and also
the management of hypertension is another goal facing the clinicians. So the early detection of
hypertension through screening is very important to prevent atherosclerosis and consequently

cardiovascular diseases in AIRDs.

Future studies will be needed in the field of chronic inflammation and cardiovascular diseases to
confirm the relationship between the inflammatory process and premature atherosclerosis. Also,

other AIRDs that have a major effect on vessel wall structure as scleroderma patients could be




included in future studies. These studies should be in many inflammatory diseases (infectious
and non-infectious) like rheumatoid arthritis, primary Sjogren’s syndrome, systemic lupus
erythematous (as hypertension and glomerular diseases are very common in lupus and the

inflammation is great.

As T hope to use the results of this pilot study as a reference for a bigger study and because of the
high statistical difference between the diseased group and control group and as the difference in
elevated blood pressure variant was high between the RA group and control group, when we do
sample size for comparing two proportion for big study, we will found that the minimal number
of the patients needed is a small number for example: with a confidence level of 95% and power
of 80%, we need 7 patients for each group. With confidence level of 99% and power of 80%, we

need 11 patients in every group.
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8. Supplemental tables

Table 1: shows the some papers that discuss the relationship between the rheumatic diseases and

function of the endothelium

Author(s) Type of | Measurements Result of the | Comments

research used study

Kerola, et | Review article | Study the | 1. There are | The non-
al.,[93] outcome of using | good results in | traditional risk
drugs against | endothelial factors have a
inflammation and | function after | role in
their effect on | using anti- | atherosclerosis
endothelial inflammatory in RA patients

dysfunction using | drugs for 6-12 | and need to

flow-mediated month control these

dilation and 5 factors for a

atheromatous ' better outcome

‘ Atheromatous
plaque in RA as regard
. plaque and '

patients through | cardiovascular
. increased o

detection of morbidity

‘ o thickness of
carotid intima- L
carotid intima-
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media thickness

media may be

presented

before the
diagnosis of
RA and in the

first year after

diagnosis
Crowson et | Review article | Follow up 5638 | -70% of | The most
al. [94] patients not | diagnosed important
complained  of | cardiovascular | traditional risk
cardiovascular events were | factors affecting
symptoms  and | related to | the
not diagnosed to | traditional risk | cardiovascular
have cardiac | factors and the | system in RA
diseases in RA | remaining 30% | patients are
and for early | most probably | smoking  and
diagnosis of heart | related to RA hypertension
diseases
Ruscitti et al., | Prospective The endpoint of | The result of | Premature
[99] cohort study | the study to | the study | atherosclerosis
have been done | detect after | showed an | in RA patients
on 347 | follow up 12| increased is due to a
rheumatoid months an | number of RA | combination of
patients atheromatous patients having | traditional and
without plaque or increase | atheromatous nontraditional
cardiovascular | in intima-media | plaque or | risk factors
signs to follow | thickness of the | increased

up in one year

carotid artery

carotid intima-

media
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thickness after

one year of
follow up
Maradit- Long follow up | Follow up | Rheumatoid The concept of
Kremers et | of 603 patients | rheumatoid arthritis traditional
al., [104] with RA and | patients and | patients had | versus non-
age-matched control to pick up | twice the | traditional risk
603  controls | cardiac diseases | chance to | factors in
group, all the | (acute coronary | develop premature
life till death syndrome)  and | myocardial atherosclerosis,
sudden  cardiac | infarction the result that
death without common
symptoms  or | traditional risk(
can  develop | Framingham
sudden cardiac | risk factor)
death but | alone couldn’t
interestingly give
not complain of | explanations to
chest pain( | the high number
angina of
pectoris) in | atherosclerosis
comparison to | patients
normal diagnosed with
population rheumatoid
throw-out their | arthritis
life
Fan, et al., | Cross-section | By ultrasound | Results showed | No significant
[108] study with 102 | detection of | endothelial correlation
patients  with | Brachial  artery | dysfunction between
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RA compared | FMD(endothelial | and endothelial
to 46 healthy | dysfunction), atherosclerosis | dysfunction and
control group | carotid  plaque, | in the RA | increased
and carotid | group thickness of
intima-media represented by | intima in RA
thickness a decrease in | patients
FMD results in
the rheumatoid
group as a
comparison to
controls.
Increased
thickness of
intima-media
in carotid
arteries
Adawi et | A case-control | Ultrasound Results Early screening
al.,[109] study including | detection of flow- | mentioned that | to detect
forty-fore mediated dilation | about dysfunction of
patients in the cubital | percentage the endothelial
diagnosed as | fossa to detect | 85% of the RA | and premature
RA in | endothelium patients had | atherosclerosis
comparison to | dysfunction  of | premature in RA was an
the normal | brachial artery atherosclerosis | important step
population in different | to avoid
degrees cardiovascular
diseases and
complication
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Kiss et al., | Cross-section | To measure FMD | There was a | Early screening
[125] study including | and CIMT by an | big difference | of SLE patients
sixty-one SLE | ultrasound device | between the | for endothelial
patients  and diseased group | dysfunction and
twenty-six and the control | premature
controls group group:  FMD | atherosclerosis
reading  was
lower in SLE
than control
while  CIMT
was increased
in SLE
Mak, et | Big cohort | Detection of | FMD reading | It was shown
al.,[126] consisting  of | Endothelial in SLE patients | that diabetes
case study | dysfunction using | was decreased | mellitus, renal
versus-control | ultrasound to | as compared to | diseases, and
with seventy- | measure FMD healthy hypertension
one lupus controls predispose  to
patients  and the

seventy-one
normal people
meta-

of

and
analysis
twenty-five
small (case
controls)
studies

including

(1313) patients

development of
atheroma in

lupus patients
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diagnosed with

lupus and
1012 normal
population
Sacre et al., | The study | Carotid-femoral | Study results | corticosteroid
[127] included forty- | pulse wave | illustrated that | as an example
one lupus | velocity to | there were | of non-
patients  and | measure arterial | statistical traditional risk
thirty-five stiffness through | differences in | and

healthy detection of the | arterial hypertension as
controls in a | speed of wave | stiffness traditional risk,
cross-sectional | transmission between the | both of them
study within the vessels | lupus group | have a greater
wall and the healthy | effect on
control group developing
arterial rigidity
and
atherosclerosis
Thompson et | 217 female | Zero-point  and | High incidence | It is a
al., [130] lupus patients | regular of  premature | combination of
followed in the | measurement by | atherosclerosis | traditional and
clinic ultrasound of | in SLE patients | non-traditional
carotid artery to risk factors for
detect the
atheromatous development of
plaque of carotid premature
artery and CIMT atherosclerosis
Yong, et al., | Meta-analysis | Using ultrasound | The results | The primary
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[133] and Systematic | device to detect | showed  that | Sjogren’s
review carotid  intima- | PSS  patients | syndrome group
including eight | media thickness | have increased | of patients
studies  with | and arterial | arterial developed a
767  patients | stiffness using | stiffness as | moderate
diagnosed as | PWV in PSS | detected by | degree of
PSS to detect | patients pulse wave | arterial stiffness
early velocity and premature
endothelial measurements | atherosclerosis.
dysfunction, and increased | We need more
arterial thickness of the | research to
rigidity, and, carotid artery | explore the
atheromatous in comparison | relationship
plaque to the normal | between  risk

population factors and
premature
atherosclerosis
in PSS

Sezis A case-control | Detection of | Results The cause of

Demirci, et | study carotid-femoral showed that the | arterial stiffness

al., [134] compared 68 | arterial wall | speed of pulse | in PSS patients
healthy stiffness using | wave through | is most
controls to 75 | pulse wave | the artery in | probably due to
PSS  patients | velocity PSS  patients | conventional
as regard was high in | traditional risk
arterial comparison to | factors
stiffness in healthy hypertension,

controls and
hyperlipidemia

in addition to
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steroidal usage
not due to
chronic
inflammation
characterizes

the disease
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Table2. Showing general and specific data for the study participants groups. Data were shown in

form of mean + Standard deviation. (in some results median and range).

Variable Control RA PSS
(n=10; 8 females) (n=10;8 females) (n=10;10 females)
Age Mean 50 £9Y Mean 55.3 £7Y Mean 52.2 +8Y
Smoking | 3 Smoker 7 Non 1 Smoker 9 Non 10 Non
Weight Median 72.5 kg (60- | Median 79kg (57- | Median 57.5kg (49-
105) 140) 145)
Disease Median 12(5-43) Median 5.5(0.5-15)
duration
S. Mean 0,79 mg/dl Mean 0,82 mg/dl Mean 0,78 mg/dl
creatinine
SBP 128+10 148+16 135+16
DBP 67+5 77+8 7248
MBP 87+7 10110 93+10
ADMA 0,38umol/1 £0.05 0,45pumol/1 + 0.06 0,43umol/1 + 0.06
PWV Mean 8.69m/s + 1.78 | Mean 10.2m/s =+ | Mean 8.74m/s £ 1.64
2.31
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Table 3: statistical differences between diseases group and control group, RA and PSS as regard

blood pressure, PWV, and ADMA. All the results as compared to the control group

variant RA PSS RA+PSS
SBP 0.007 0.340 0.023
DBP 0.01 0.19 0.01
MBP 0.01 0.24 0.02
ADMA 0.02 0.06 0.02
PWV 0.07 0.48 0.18
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