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ABSTRACT 
Systemic Sclerosis (SSc) is an autoimmune rheumatic disease, characterized by 
fibrosis of the skin and internal organs, vasculopathy and the production of 
autoantibodies. Cardiac and pulmonary disease manifestations are major causes 
of morbidity and mortality. Microvascular manifestations such as digital ulcers 
and Raynaud´s phenomenon are common, but whether macrovascular disease is 
also enhanced in SSc has not been clear. In a cross-sectional design we examined 
the heart, the macro- and microvasculature and how vascular disease 
manifestations correlated to each other, to SSc subsets and to biomarkers. 
Population based age- and gender-matched controls were used as comparators.  

Carotid atherosclerosis, measured by ultrasound, and history of ischemic arterial 
events (IAE) were investigated in 111 SSc patients and 105 controls. Previous 
IAE were three times more common in the patients, especially ischemic heart 
disease (IHD) and ischemic peripheral vascular disease (IPVD). Measures of 
atherosclerosis, i.e. intima media thickness, plaque occurrence and ankle-
brachial index, did not differ on a group level, but patients with anticentromere 
antibodies  (ACA+) had more IAE and more plaques than ACA- patients and 
controls. Echocardiographic (echo) findings and their association with cardiac 
troponin I (cTnI), N-terminal pro brain natriuretic hormone (NT-proBNP) and 
Uric Acid (UA) were investigated. The patients had higher levels than controls 
of cTnI and NT-proBNP but not of UA. All three biomarkers were associated 
with echo abnormalities among the SSc patients. A low left ventricular ejection 
fraction (LVEF) and hypokinesia were more common in patients but associated 
with previous IHD. Patients had more valve regurgitations than controls and 15 
patients, but no controls, had an elevated echo-estimated systolic pulmonary 
arterial pressure (ePAP). A standard 12-lead electrocardiogram (ECG) was 
performed on all, and Holter-ECG on a subgroup of participants. Conduction 
defects, especially left bundle branch block (LBBB) and ventricular extrasystoles 
were more common in the patient group. Finally, the nailfolds of 163 SSc 
patients were examined by widefield microscopy for signs of dilated capillaries, 
avascular areas and capillary density. SSc patients with a higher ePAP, ACA+, 
digital ulcers and IAE, especially IPVD, had a lower nailfold capillary density 

These studies demonstrate that patients with SSc had more IAE than controls, 
and SSc patients with previous IAE also have a disturbed microcirculation in the 
nailfolds. It is a new observation that both macrovascular IAEs and accelerated 
atherosclerosis prevails in the ACA+ SSc subgroup. SSc patients had more valve 
regurgitations, higher ePAP and more left and right ventricular impairment on 
echo. These echo abnormalities were associated with higher levels of the cardiac 
biomarkers, NT-proBNP and cTnI. The latter is a new clinically useful finding. 
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1 SYSTEMIC SCLEROSIS 
 

1.1 INTRODUCTION:  

Systemic sclerosis (SSc) is a relatively rare rheumatic disease affecting a 
diversity of organs (1). The first known patient case was described in 1753 when 
the Italian doctor Carlo Curtzio described a young female with hard, wooden like 
and cold skin, despite good pulses. The term scleroderma was introduced around 
1850, but it was not until the beginning of the 1900th century that it became clear 
that many other organs than the skin are affected in this disease. Maurice 
Raynaud, who gave the cold induced colour-changing of the fingers the eponym 
“Raynaud´s phenomenon”, was the first to realize that there was an association 
between the cold, colour changing of the fingers and systemic sclerosis (2).  

The combination of five different disease characteristics, namely calcinosis, 
Raynaud´s phenomenon, esophagus involvement, sclerodactyly and 
telangiectasia was introduced in 1964 as the CREST-syndrome, a sub type of 
scleroderma (3) to be distinguished from the more severe “progressive systemic 
sclerosis”. Although many have suggested abandoning these names because of 
imprecise and overlapping features (4, 5) the International Statistical 
Classification of Diseases and Health Problems, 10th Revision (ICD-10) still 
distinguishes between the terms CREST (M 34.1) and progressive systemic 
sclerosis (M34.0) (6) 

 

 

1.2 CLASSIFICATION CRITERIA: 

In 1980 the American Rheumatism Association (ARA, today called American 
College of Rheumatology; ACR) published preliminary classification criteria for 
SSc (7). Although preliminary, these criteria have been used in almost every 
clinical study since then. Their purpose is to correctly select patients with 
established SSc for scientific studies and to distinguish the entity from other 
more localized scleroderma-like disorders: 
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Table 1. The 1980 ARA major and minor criteria for the diagnosis of SSc. 

Major criterion: Proximal scleroderma: Typical sclerodermatous skin changes: 
tightness, thickening, and non-pitting induration, excluding the 
localized forms of scleroderma, proximal to metacarpophalangeal or 
metatarsophalangeal joints; affecting other parts of the extremities, 
face, neck, or trunk (thorax or abdomen); usually bilateral, 
symmetrical, and almost always including sclerodactyly 

Minor criteria: 1. Sclerodactyly: above-indicated changes limited to fingers and toes 

 2. Digital pitting scars or loss of substance from the finger pad: 
depressed areas at tips of digits or loss of digital pad tissue as a result 
of digital ischemia rather than trauma or exogenous causes 

 3. Bibasilar pulmonary fibrosis: bilateral reticular pattern of linear or 
lineo-nodular densities which are most pronounced in basilar portions 
of the lungs on standard chest roentgenogram; may assume appearance 
of diffuse mottling or “honeycomb lung”, and should not be 
attributable to primary lung disease.  

Patients with the major criterion or 2 minor criteria are classified as having Systemic sclerosis 

A further subgrouping of the patients was suggested in 1988 by LeRoy et al, 
dividing the patients, depending on how widespread the skin involvement is, into 
diffuse cutaneous SSc (dcSSc-skin sclerosis on trunk, thighs, upper arms, 
abdomen), limited cutaneous SSc (lcSSc- skin sclerosis confined to arms and 
legs below elbows and knees and/or skin sclerosis of the face) and limited 
Systemic sclerosis (lSSc- a patient group which lacks the characteristic fibrotic 
skin, but otherwise has the characteristics of SSc) (4).  

The preliminary 1980 ARA criteria have a good specificity for recognising 
established SSc patients. But, the last 20 years many efforts have been made to 
identify the patients earlier, before irreversible organ damages occurs. Many 
studies have demonstrated that antinuclear antibodies (ANA), in particular some 
sub-specificities (anticentromere, anti–topoisomerase I/anti–Scl-70, anti–RNA 
polymerase III), and deranged nail fold capillary loops had a high predictive 
value for the development of SSc in the future (8-10) These observations have 
lead to the development of the new ACR/EULAR 2013 classification criteria for 
Systemic sclerosis (11). 
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Table 2. The American College of Rheumatology/European League Against 
Rheumatism criteria for the classification of systemic sclerosis (SSc)* 

Item Sub-item(s) Weight/score† 

Skin thickening of the fingers of 
both hands extending proximal to 
the metacarpophalangeal joints 
(sufficient criterion) 

- 9 

Skin thickening of the fingers (only 
count the higher score) 

Puffy fingers 

Sclerodactyly of the fingers (distal to the 
MCP joints but proximal to the PIP 
joints) 

2 

4 

Fingertip lesions 

(only count the higher score) 

Digital tip ulcers  

Fingertip pitting scars  

2 

3 

Telangiectasia - 2 

Abnormal nailfold capillaries - 2 

Pulmonary arterial hypertension 
and/or interstitial lung disease 

(maximum score is 2) 

Pulmonary arterial hypertension  
Interstitial lung disease 

2 

2 

Raynaud’s phenomenon - 3 

SSc-related autoantibodies 
(anticentromere, anti–
topoisomerase I/anti–Scl-70, anti–
RNA polymerase III) (maximum 
score is 3) 

Anticentromere antibodies (ACA) 

Anti-topoisomerase I (ATA) 

Anti–RNA polymerase III (ARA) 

3 

3 

3 

* These criteria are applicable to any patient considered for inclusion in an SSc study. The criteria are not applicable to 
patients with skin thickening sparing the fingers or to patients who have a scleroderma-like disorder that better explains 
their manifestations (e.g., nephrogenic sclerosing fibrosis, generalized morphea, eosinophilic fasciitis, scleredema 
diabeticorum, scleromyxedema, erythromyalgia, porphyria, lichen sclerosis, graft-versus-host disease, diabetic 
cheiroarthropathy).† The total score is determined by adding the maximum weight (score) in each category. Patients 
with a total score of ≥ 9 are classified as having definite SSc. 
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1.3 EPIDEMIOLOGY  

The incidence and prevalence of systemic sclerosis is hard to examine, especially 
because of the long delay between the onset of the first symptom to diagnosis, 
the overlap between SSc and other rheumatic disease and “the scleroderma 
mimics”. Two recent reviews of epidemiological studies show a large difference 
between countries, with prevalence in general between 50-300/ million 
inhabitants and incidence 4-22/million inhabitants. The highest incidence and 
prevalence in the USA and Australia, and the lowest in northern Europe and Asia 
(12, 13). Some have also described a latitude dependent distribution of the 
disease with a higher prevalence in the south regions, especially in Europe (13). 
A new study from Sweden opposed this theory by finding a relatively high 
prevalence of SSc patients, especially when using the new classification criteria 
(14). The observations that SSc is clustered in some areas have given rise to the 
suspicion that environmental exposures such as silica dust or organic solvents 
are important for the pathogenesis of SSc (15).  The disease affects more females 
than males, with ratios varying between 5-8:1.  

Figure 1: Prevalence and incidence of 
Systemic sclerosis in Europe. 

 

 

 

References: (14, 16-23) 

Country  prevalence* incidence* 

Iceland         71             3.8 

Norway       72 (99)        6-11 

Finland           -              3.7 

Sweden       235 (305)    14 (19) 

England        88               - 

France           132 

Spain             277             14 (23) 

Italy              254              32 

Greece           154             11 

 

 



 

 5 

1.4 PATHOGENESIS  

There are three main features involved in the pathogenesis of systemic sclerosis:  

 

 

 

 

 

 

1.4.1 Fibrosis  

The connective tissue offers a structural network to support organ function. The 
most common cell found in the connective tissue is the fibroblast, the major 
contributor to connective tissue homeostasis. The fibroblasts are highly active 
cells that regulate extracellular matrix (ECM) turnover though the production of 
both matrix metalloproteinases (MMPs), which degrades EMC, and tissue 
inhibitors of metalloproteinases (TIMPs), which inhibits the MMPs (24).  

Serum levels and skin biopsy expression of TIMPs are higher in SSc-patients as 
compared with controls, suggesting an imbalance in ECM turnover (25, 26).  

When a tissue is damaged, fibroblast can transform into myofibroblasts. These 
cells have a structure “somewhere between a fibroblast and a smooth muscle 
cell” and they are identified by their profound endoplasmatic reticula in 
combination with contractile stress filaments expressing alpha-smooth muscle 
actin. The origin of the myofibroblasts is not only the fibroblast; they can also 
develop from epithelial-, endothelial- or smooth muscle-cells. Myofibroblasts 
produce many ECM proteins, the most abundant are collagen type I and type III. 
They are important for repair of damaged tissues. When the repair process is 
completed the myofibroblasts disappear from the wound sites through apoptosis, 
deactivated or cleared by other cells. They leave a hypocellular scar tissue (27).  

In fibrotic tissue, such as the SSc skin or the lung in SSc, the myofibroblast 
persist, which seems to depend on defective apoptosis and an enhanced 
sensibility to growth factors and pro-fibrotic stimuli (28). The SSc-fibroblasts 
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seem to produce excess ECM proteins, such as collagen, even in the absence of 
extrinsic stimuli, suggesting an autocrine activation (29). 

The first event, initiating the transformation of fibroblasts to myofibroblasts in 
SSc, is likely activation of endothelial cells and platelets caused by infection, 
ischemia-reperfusion, toxins or autoantibodies resulting in tissue infiltration of 
inflammatory cells and secretion of different cytokines and growth factors. 
Transforming growth factor-β (TGF-β) has been considered the main regulator 
of fibrogenesis. It is mainly produced by macrophages but also by other cells, 
including endothelial cells. Both in vivo and in vitro studies have highlighted the 
importance of TGF-β in SSc (30). 

There are also other cytokines, which play a crucial roll in fibrogenesis such as 
connective tissue growth factor (CTGF), platelet-derived growth factor (PDGF), 
interleukin (IL)-1β, IL-4, IL-6, IL-13, IL-17A, and type I interferon (IFN) (31).  

 

1.4.2 Vasculopathy 

Vascular abnormalities are a major component of SSc, but little is known about 
the events or mechanisms that initiate the vascular injury. The earliest clinical 
symptom of SSc, Raynaud´s phenomenon, relates to disturbances in the 
peripheral vascular system that may precede other manifestations by years. The 
initial events leading to vascular alterations are thought to, in similarity to the 
initial phase of fibrosis, involve damage to the endothelial cells (EC) caused by 
infection, immune mediated cytotoxicity, ischemia-reperfusion injury or anti-
endothelial antibodies (32). 

EC adhesion ligands are up regulated in response to damage. They promote the 
binding, rolling and migration of inflammatory cells into the interstitial space 
from where they can infiltrate the tissue. Simultaneously, vascular smooth 
muscle cells proliferate in response to growth factors resulting in intimal 
proliferation and matrix deposition in the vessel wall. These processes can 
eventually lead to complete occlusion of the vascular lumen (33). 

The loss of viable ECs also leads to an imbalance in vasoactive factors such as 
overproduction of the vasoconstrictor endothelin-1 (ET-1) and underproduction 
of the vasodilators nitric oxide (NO) and prostacyclin. The enhanced apoptosis 
of EC results in a loss of capillaries, which is easily detectable with nailfold 
capillaroscopy. These changes are considered to constitute the first steps in the 
pathogenesis of SSc (32). 
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In healthy subjects the loss of EC and tissue ischemia induce enhanced 
production of angiogenic growth factors, especially vascular endothelial growth 
factor (VEGF), which initiates vasodilatation, proliferation and migration of ECs 
to form new vessels, i.e. angiogenic sprouting (33).  

VEGF levels are increased in both the plasma and the skin of SSc patients, but 
despite this, angiogenesis is insufficient (34-36). The underlying mechanisms are 
not fully understood. They seem to involve harmful effects of prolonged 
exposure to high levels of VEGF (35, 37) and overexpression of a more anti-
angiogenetic splice-variant of VEGF (38)  

Not only angiogenesis (the building of new vessels from existing vessels) but 
also vasculogenesis (the building of new vessels from progenitor cells) are 
impaired in SSc. Patients with digital vascular lesions and high “SSc severity 
scores” had lower endothelial progenitor cell (EPC) counts in the circulation, 
suggesting that inadequate recruitment of bone marrow derived circulating EPCs 
may be related to the reduced vascular repair capacity in SSc. Reduced number 
of EPCs has also been associated with capillary loss and severe internal organ 
involvement (predominantly cardiac) as well as with the development of PAH 
(39-41).  

The release of von Willebrand factor (vWF) into the circulation reflects the 
activity of the vascular disease in SSc (42). vWF is mainly released from the 
endothelium. In the skin, it is also found in the perivascular and interstitial 
matrix, which suggests that the local microvessels of the papillary layer of the 
skin are damaged in SSc. When the high molecular-weight vWF binds to sub 
endothelial collagen fibres it can form bridges between the sub endothelial 
matrix and platelet receptors, and thus contribute to platelet adhesion and 
aggregation, and later to the formation of thrombosis. Through these 
mechanisms, local vascular damage and the subsequent release of vWF may 
contribute to local pathogenic processes (43). 

Platelets are the major storage and delivery vehicles for both pro- and anti- 
angiogenic growth factors, including VEGF (33).  

ET-1 is predominantly synthesized by ECs and smooth muscle cells. It can 
regulate the growth of mesenchymal cells and induce collagen and fibronectin 
production and cell migration. ET-1 is thus one of the main regulators of ECM 
synthesis and vascular and interstitial remodelling. In SSc, increased plasma ET-
1 levels are involved in enhanced vasoconstriction, vascular EC proliferation, 
smooth muscle hypertrophy and irreversible vascular remodelling (32). 
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1.4.3 Activation of immune system:  

Inflammation: There are several studies examining the different inflammatory 
cytokines in SSc, often with divergent results. As Th1 lymphocytes mainly 
produce cytokines that are involved in cellular immune response, such as IFN-γ, 
TNF-α and IL-2 these are often referred to as “proinflammatory” in SSc. These 
cytokines of mainly Th1 origin are often elevated in the early stages of SSc. Th2 
lymphocytes mainly produce IL-4, IL-13, IL-5, IL-6 and IL-10 and are believed 
to be more “profibrotic” in SSc. IL-6, IL-4 and IL-13 are able to stimulate the 
production of collagen, and they can inhibit collagenase synthesis, which favours 
fibrosis. IL-4 and IL-13 both stimulate B cell differentiation, with consequent 
production of autoantibodies and isotype switching. Additionally, IL-13 induces 
TGF-β gene expression (44). 

There is evidence of elevated IL-6 levels in the circulation and the skin in 
patients with SSc. IL-6 has a pro-inflammatory function in the presence of TGF-
β/ IL-21 via induction of IL-17 differentiation. IL-6 also inhibits the 
differentiation of T regulatory lymphocytes and stimulates the production of 
collagen (45).  

Additionally it has been demonstrated that more traditional measures of 
inflammation are important in SSc. Thus an erythrocyte sedimentation rate 
(ESR) > 25 mm is a predictor of mortality and an elevated CRP, especially 
prevalent in early dcSSc, is associated with SSc disease activity, severity, and 
poorer survival (46).  

 

Antibodies: Antinuclear antibodies (ANA) are frequent in SSc, present in >90% 
of the patients. The most common antibodies in SSc patients are anticentromere 
antibodies (ACA), antitopoisomerase I antibodies (ATA)/Scleroderma-70 
antibodies (Scl-70) and anti RNA polymerase III antibodies (ARA). Presence of 
one of these antibodies constitutes one of the classification criteria in the new 
ACR/EULAR classification of SSc (11) The presence of these antibodies has 
been shown to predict the onset of SSc before a clinical diagnosis is established 
(47, 48).  

About 20-40% of the SSc patients have ACA, but the frequency is depending on 
ethnicity, with a lower frequency in Afro-Americans and Thai SSc patients. The 
sensitivity of ACA is in the range of 20-40% and the specificity >90% (49).  
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ACA have been associated with lcSSc (50, 51), pulmonary arterial hypertension 
(52, 53) but they seems to have a lower frequency among patients with severe 
pulmonary fibrosis and renal crisis (54). ACA have also been associated with a 
more favourable prognosis than other antibodies. 

ATA are found in 10-40% of the SSc patients and the specificity can be as high 
as 99% but the sensitivity is less than 25%. ATA have been associated with a 
poorer prognosis, pulmonary fibrosis, musculoskeletal, and cardiac involvement 
(48, 50, 52). 

ARA occurs in 10-20% of the SSc-patients and they are associated with dcSSc 
and a higher risk of scleroderma renal crisis (55, 56). 

Sjögren´s Syndrome antibodies A and B (SSA/SSB) are found in about 20% of 
the SSc patient (49). 

 

 

1.5 CLINICAL FEATURES  

There are many different clinical manifestations in systemic sclerosis. The most 
common are thickness of the skin, Raynaud´s phenomenon and gastrointestinal 
symptoms, such as reflux, bloating and diarrhoea. Arthritis, myositis and/or 
calcinosis (calcium deposit under the skin) are seen in some patients (57). 

About 50% of the patients experience at least one digital ulcer during the disease 
course. It is not uncommon that ulcers recur and they can lead to digital loss. 

The high mortality rate, pooled standardized mortality ratio (SMR) 3.5, observed 
in SSc is mainly associated with cardiac or pulmonary disease manifestations 
(58).  Pulmonary fibrosis is prevalent in 40-80% of SSc patients depending of 
diagnosis modality or subgroup. Most cases have a benign course, but about 
15% have more widespread pulmonary fibrosis (57). 

Several disease manifestations, such as severe pulmonary fibrosis, left sided 
heart failure, pulmonary embolism and pulmonary arterial hypertension (PAH) 
can lead to pulmonary hypertension (PH) in SSc. Between 7-15 % have PAH, a 
severe life-threatening condition, which arises as a consequence of vascular 
disease in the lungs (57). 
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1.6 TREATMENT  

There are no curative treatments for SSc. Most of the patients have histamine2-
receptor antagonists (H2 blockers) the gastrointestinal problems and calcium 
channel-blockers for Raynaud´s Phenomenon (59) 

Corticosteroids are used in low dosages for shorter periods in some patients, 
especially in SSc patients with myositis or arthritis. Higher corticosteroid 
dosages have been associated with the development of SCR and should therefor 
be avoided (60) 

Disease modifying anti rheumatic drugs (DMARD) such as methotrexate are 
used for in widespread active skin disease and cyclophosphamide and 
mycophenolate mofetil for alveolitis/pulmonary fibrosis. Endothelin-antagonists, 
phosphodiesteras-blockers and prostacyclin are used for severe vascular disease 
such as PAH and also for recurrent digital ulcers (59). 
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2 CARDIOVASCULAR DISEASE AND 
ATHEROSCLEROSIS 

 

2.1 ATHEROSCLEROSIS 

CVD is the leading cause of mortality in the world and in Sweden about 40% of 
all deaths are due to CVD (61). Atherosclerosis is considered to be the main 
cause of CVD. The process of atherosclerosis begins already in childhood with 
the development of ”fatty streaks” in the intima of the vessels. These streaks 
gradually transform into fibromuscular plaques (62).  

The cores of the plaques are filled with lipids and necrotic debris. The plaques 
are surrounded with a fibromuscular cap, formed by the smooth muscle cells of 
the media. The plaques grow slowly. Initially they expand outwards with 
preserved vascular lumen, but with time they can cause narrowing of the lumen, 
obstruct the blood flow and thus trigger symptoms of ischemia (63). The fibrous 
cap can also eventually become thin and unstable, resulting in a vulnerable 
plaque with a high risk of rupture. If rupture occurs, the necrotic debris of the 
core is exposed to the circulating blood and a thrombus is formed, which can 
lead to total occlusion of the vessel (64).  

Myocardial infarction, ischemic stroke, sudden cardiac death, chronic ischemic 
heart disease and peripheral arterial disease are the most common clinical 
manifestations of atherosclerosis.  

The atherosclerotic process is a common feature in most individuals, but the 
progression to vulnerable plaques, or plaques, which obstruct the vessel lumen, 
are dependent on several factors. During the last 20 years, atherosclerosis has 
been recognized as a chronic inflammatory disease, where local and systemic 
inflammation is thought to play an important role (65). The origin of 
atherosclerosis is believed to take place in the endothelium. Endothelial 
activation or injury can have varying causes. An activated endothelium is prone 
to take up oxidized LDL (oxLDL) to be engulfed by subendothelial macrophages 
that transform into foam cells. Foam cells make up the core of the atheroma, 
which with time can develop into a culprit lesion (66-68). 
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Figure 1. Atherosclerotic plaque stable, and vulnerable 

  

2.2 METHODS TO MEASURE ATHEROSCLEROSIS AND 
ENDOTHELIAL DYSFUNCTION: 

One of the most commonly used methods to visualize atherosclerotic 
plaques/stenoses or occlusions is B-mode ultrasound. One area of particular 
interest is the carotid arteries because its easily accessible and its bifurcation is a 
common site of atherosclerosis (69). The intima media thickness (IMT) of the 
common carotid artery is also used as a surrogate marker for atherosclerosis in 
coronary vessels (70). An increased IMT is predictive of future CVD (71), 
although plaque occurrence seems to be even more predictive for MI (72). 

Ankle-brachial index (ABI) is used to detect peripheral arterial disease (73) and 
a low ABI is predictive of both cardiovascular death and CVD (74). Although 
most studies have evaluated the risk with a low ABI, often defined as a ratio < 
0.9 (73, 75), there is also evidence of an elevated risk for CVD with a high ABI 
>1.4 (76), probably a marker of stiff arteries. Artery stiffness per se is also 
associated with CVD (77) and can be measured in the carotids, the aorta or the 
femoral arteries. 

Another method to detect atherosclerosis is with Electron beam computed 
tomography. This method yields a coronary artery calcium score (78). 

Endothelial dysfunction: is believed to be one of the underlying factors 
involved in the progression towards atherosclerosis (79). Normally the 
endothelium favours a vasodilatory, anti-thrombotic, anti-inflammatory state 
with expression of high levels of nitric oxide (NO) and prostacyclin I2 (PGI2) 
and low levels of reactive oxygen species (ROS) and uric acid. A healthy 
endothelium expresses low levels of vonWillebrand factor (vWf), plasminogen 
activating factor-1 (PAI-1) and P-selectin and also low levels of intercellular 
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adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-
1). An activated/dysfunctional endothelium upregulates ICAM-1 and VCAM-1 
to facilitate the migration of inflammatory cells across the endothelium, it 
decreases NO and PGI2 to contract the vessels and it upregulates vWf and PAI-1 
for platelet adherence and activation (80). 

Elevated levels of ICAM-1 have in the general population been associated with a 
higher risk of future myocardial infarction (MI), angina pectoris and coronary 
death (81). VCAM-1 levels are higher in persons with established atherosclerosis 
(82) and they are also associated with CVD in SLE patients (83, 84). High levels 
of vWf are associated with MI (85), stroke (86) and peripheral arterial disease 
(87).  

VEGF, the growth factor for the endothelial cells, is also more abundant in both 
the atherosclerotic plaque and in the circulation of patients with atherosclerotic 
lesions (88, 89). 

Other methods to measure the endothelial function are various tests of vascular 
reactivity, where flow- mediated dilatation (FMD) is the most used test because 
of its non-invasive approach (90, 91). Endothelial function, as assessed with 
FMD, seems to be impaired in a variety of systemic autoimmune diseases (92). 

 

2.3 MICROCIRCULATION:  

The microcirculation refers to arteries with the smallest resistance, arterioles, 
capillaries, and venules. Whereas the capillary network is essential for the 
exchange of nutrients and gas between blood and tissue, arterioles are involved 
in blood flow regulation (93). In the skin, the microvasculature also represents 
the main organiser of for thermoregulation (94) 

Alterations in microcirculatory blood flow or capillary structures have been 
identified in several disease processes such as sepsis (95) diabetes (96, 97), 
cardiovascular disease (98) and SSc (99).  

These alterations may have different pathogenic background but they can 
nevertheless all lead to a reduced blood flow, defect tissue oxygenation, 
decreased tissue nutrition or capillary rarefaction (93). 

In the normal population, 40% of the patients with symptoms of heart ischemia, 
have normal coronary arteries. In 1985, Cannon and Epstein introduced the term 
‘microvascular angina’ for this patient group, in view of what appeared to be an 
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enhanced sensitivity of the coronary microcirculation to vasoconstrictor stimuli 
associated with a limited microvascular vasodilator capacity (100). This patient 
group consist of mostly women. Although the underlying pathogenesis is 
unknown; some of these patients have signs of endothelial dysfunction, and a 
scattered pattern on myocardial scinthigraphy (98).  

The coronary microcirculation can be indirectly studied during coronary 
angiography, but this is an invasive method. The cutaneous circulation has 
therefore emerged as an accessible and potentially representative vascular bed to 
examine the mechanisms of microcirculatory function and dysfunction (93).  

The cutaneous vasculature is organized as two horizontal plexuses in the dermis: 
the upper network (from which capillary loops arise) located in the papillary 
dermis is connected to a lower dermal–hypodermal network through ascending 
arterioles and descending venules.  Arteriovenous anastomoses, which bypass 
the capillary circulation, are found in glabrous skin especially in the digits. There 
is a major neural influence on skin microvascular reactivity, an this is one reason 
why the skin contains a higher density of nerve fibers than most other tissues. 
(93).  

 

Structural changes in the capillary vasculature are easy to examine in the 
nailfolds, where the capillaries lie close to the surface arranged in symmetrical 
loops. This can be done with a simple magnifying device such as a dermatoscope 
or an ophthalmoscope, together with some immersion oil. More detailed studies 
of vessel morphology can be performed with a wide-field stereomicroscope or 
with a digital videocapillaroscope. Outside the periungueal region, where 
capillaries are perpendicular to the skin surface, videocapillaroscopy can be used 
to assess capillary density and capillary recruitment. Nailfold capillaroscopy is 
the most used method to evaluate the microcirculation in SSc (101).  

Figure 2: Digital vessel with 
afferent and efferent parts. 
Collaterals in between. 
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Other techniques such as orthogonal polarization spectral imaging (OPS) and 
sidestream dark-field imaging (SDF) provide images of the microcirculation 
with a high level of contrast on organs covered by a thin epithelial layer. OPS 
and SDF are used when assessing the microcirculation in organs during surgery 
and especially SDF has emerged as a non-invasive tool to examine the 
microcirculation in intensive care patients, often in the sublingual mucosa.(102) 

Laser Doppler flowmetry (LDF) is commonly used to assess microvascular 
reactivity, often together with iontophoresis or in combination with post 
occlusive reactive hyperaemia. Iontophoresis is a non-invasive method of 
distributing drugs trough the dermis based on the transfer of charged molecules 
using a low-intensity electric current. LDF, together with iontophoresis of 
acetylcholine and sodium nitroprusside is used to assess microvascular 
endothelial function (93). 

2.4 CARDIAC FIBROSIS: 

The cardiac fibroblasts are responsible for maintaining the delicate matrix 
network of the heart; the epimysium, enveloping the whole cardiac muscle, the 
perimysium, surronding bundles of muscle fibres and the endomysium, that 
surrounds single myocytes. Cardiac fibrosis is associated with an increased 
deposition of matrix proteins in the myocardium. It could be either a ”reactive 
interstitial fibrosis” that describes an expansion of extracellular matrix in the 
absence of cardiomyocyte loss, or “reparative fibrosis”, that replaces dead or 
damaged myocardial cells with myofibroblast (i.e. scarring) (103).  

The collagen content increases with age and the endo-and perimysial fibers 
become thicker. This leads to a stiffer ventricular wall and diastolic dysfunction.  
In the Framingham heart study there was an age-dependent increase in these two 
measurements (104). 

Myocardial fibrosis is normally a slow process that is more prominent in older 
ages. In an adult healthy heart almost 75% of the myocardial tissue volume is 
composed by myocytes, but myocytes account for only about 30-40% of the total 
number of cells in the heart. Endothelial cells, fibroblasts and pericytes are 
abundant in the myocardium; small numbers of macrophages, mast cells and 
dendritic cells are also present in the perivascular and interstitial space (103). 
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2.5 METHODS TO STUDY THE HEART: 

 

ECG: The ECG device detects and amplifies the repetitive waves of electrical 
changes on the skin that are generated when the heart muscle progress the 
depolarisation wave from the sinoatrial node, through the atrium, atrioventricular 
node and then spread over the ventricles, before the next repolarization starts. 
The ECG technique was introduced around 1870, but it became clinically 
available 1901 by Willem Einthoven, who was later awarded the Nobel Prize for 
this invention. He also gave name to the different parts of the ECG: P, Q, R, S, 
T, U-waves (105). 

The 12-lead ECG is commonly available and widely used in most clinical 
settings. ECGs can visualize the electrical axis of the heart, the cardiac rhythm, 
disorders of the activation sequences, signs of hypertrophy and signs of 
myocardial ischemia. 

Holter-ECG: is an ambulatory device used to monitor heart rhythm for longer 
periods of time, most commonly for 24-hours. For practical reason only a few 
electrodes are used and therefore Holter recordings don’t reflects as many parts 
of the heart as 12-lead ECGs. The advantage of this method is to detect 
sporadically emerging arrhythmias such as extrasystoles or paroxysmal atrial 
fibrillations and also to get an association between patient-recorded symptoms 
and ECG-alterations (106). 

 

Echocardiography: By combining the function of ultrasound and Doppler 
techniques it is possible to visualize the heart in real time. Echocardiography can 
give both a multidimensional picture of the structure and morphology of the 
heart and the function of the chambers and heart valves. It is possible to measure 
the dimensions of the atria and ventricles, the thickness of the septal and inferior 
walls, assess the structure and the function of the cardiac valves, and visualize 
the amount pericardial effusion, -if any (107)  

The left ventricular systolic function is commonly measured by determination of 
the ejection fraction (EF). This can be done by a variety of methods. In this 
thesis we used a method based on visual estimation and AV plane displacement 
(108).  

               Diastole is the time between the closure of the aortic and the closure of the 
mitral valves. It can be divided into four different phases. The first phase is the 
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time from the aortic valve closure till the mitral valve opens. It is called the 
isovolumetric relaxation time (IRVT). Thereafter come the rapid filling, the slow 
filling and then the atrial contraction. The diastolic function is determined by a 
combination of measurements from the inflow over the mitral valve; the 
maximal velocity during the rapid filling (E), the maximal velocity during the 
atrial contraction (A), E/A, how rapidly flow velocity declines in early diastole 
(E-wave deceleration time = DT), the IVRT or the  E/e´ratio (107) 

The cardiac valves can be studied both structurally and functional with colour 
Doppler, and regurgitations can be graded from the spectral Doppler intensity. 
Echocardiography is commonly used in SSc as a screening method for 
pulmonary hypertension. It is possible to calculate an estimated systolic 
pulmonary arterial pressure by the formula: 4x (v maxTI)2 +PHF, where v maxTI  
is the maximal velocity of the tricuspidalis insufficiency and PHF is the pressure 
in the right atrium(107).   

   Annual screening for PAH is recommended from both American Heart 
Association and the European Society of Cardiology. The need for screening 
was highlighted in a study by Humbert et al, who examined 32 patients with 
PAH, 16 were diagnosed after a regular screening program and 16 patients were 
diagnosed in routine care. After 8 years 81% of the patients, diagnosed in 
“routine care” were dead, compared to 31% of the patients in the regular 
screening program (109). 

 

2.6 BIOMARKERS FOR CARDIAC DAMAGE: 

 

Cardiac Troponins (cTn):  

The troponin complex is composed of three protein subunits; troponin T, I, and 
C. But only troponins T and I have unique cardiac isoforms. Cardiac troponins 
are bound to actin in cardiac myofibrils, and only a small fraction of these 
proteins are soluble in the cytoplasm. Ischemia is thought to alter cell membrane 
integrity, causing rapid depletion of the soluble cytoplasmatic pool, followed by 
larger and more sustained release of troponin into the circulation. Because of 
their specificity for cardiac tissue, cardiac troponins have become the main 
biomarkers for detection of myocardial infarction (110). 

Cardiac troponins T (cTnT) and I (cTnI) provide largely identical information, 
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but while cTnT assays is produced by a single manufacturer, multiple 
manufacturers make cTnI assays and each manufacturer uses different antibody 
pairs, so assays are not comparable (110). 

There are studies that indicate that cTnI is to a less extent influenced by impared 
renal function (111) or damaged skeletal muscle (112). 

During the last years new high sensitivity (hs)-cTn assays for the detection of 
cardiac troponins have become available (113). These have improved the 
sensitivity but at the cost of lower specificity. Although an elevated cTn mirrors 
a myocardial injury, the underlying mechanisms are not always an acute 
myocardial infarction. An elevated cTn could be due to previous myocardial 
damage or stressful situations such as sepsis, pulmonary embolism, pulmonary 
hypertension, infiltrative diseases such as sarcoidosis or amyloidosis, cardio 
toxic drugs etc (114). With the new hs-cTn assays it is also difficult to determine 
what is a “normal value”.” When cTns are examined in older (>70 years), 
presumably healthy, persons the cut-off for the 99% percentile is higher than in 
younger individuals, but it still remains as strong predictor for mortality (115, 
116).  

 

NT-proBNP:  

In order to counterbalance the vasoconstrictive and sodium retaining 
neurohormones, which are released from the renin angiotensin aldosterone 
system (RAAS), the heart produces vasodilating antiproliferative hormone like 
substances called natriuretic peptides (NP). The main natriuretic peptides 
produced in the heart are atrium natriuretic peptide (ANP) and brain natriuretic 
peptide (BNP). Both peptides are produced in the atria, but in a chronic stressful 
situation such as heart failure, the ventricular myocytes are also able to 
upregulate their production of BNP (117). 

Levels of NPs are elevated in disorders with salt and fluid overload and when 
atrial or ventricular wall tension is increased. They regulate blood pressure and 
fluid balance, increase endothelial permeability and have an important role in the 
body’s defence against mineralocorticoid-and salt- induced hypertension and 
plasma volume expansion. They lead to an increased cardiac output and to 
improved diastolic function. BNP are stored in secretory granulae and it is as a 
prohormone called proBNP. When released to the blood it is cleaved to BNP and 
NT-proBNP. NT-proBNP has a longer half- life, making it suitable for detection 
in the clinic, but both hormones are useful in the detection and follow up of heart 



 

 19 

failure (117).  

Although mainly used as a marker of heart failure, higher levels of NT-proBNP 
can also be seen in other conditions such as left ventricular hypertrophy, 
tachycardia, pulmonary hypertension, myocardial ischemia, hypoxemia, renal 
dysfunction, advanced age, liver cirrhosis, sepsis and infection(117). Several 
studies have noticed the usefulness of NT-proBNP in screening and follow up 
for patients with SSc-PAH and it is now used in many countries as a “clinical 
routine” test for these patients (118-121) 

 

 

2.7 OTHER BIOMARKERS 

 

Uric Acid: During the last decades uric acid (UA) has been studied as a possible 
biomarker for cardiovascular disease (122). Elevated levels of UA have been 
associated with MI, stroke and heart failure (123, 124). Although many other 
more established risk factors are associated with higher levels of UA, such as 
kidney disease, obesity, hypertension, there is some evidence that supports a 
causal connection between UA and CVD (122).  

UA is a product of purine metabolism, formed from the breakdown of adenosine 
and guanine. It is produced through the action of the enzyme xanthine oxidase; 
during a process when oxidants are also produced. This could imply that the 
elevated UA only is a sign of enhanced oxidation, but there are several theories 
suggesting a harmful effect of UA per se. Local and circulating UA levels are 
influenced by tissue oxygenation and hemodynamic aspects as well as by 
dietary, genetic, drug-related, and renal factors. It seems like UA can act both as 
an antioxidant or oxidant depending on the environment.  UA mediates 
endothelial dysfunction by decreasing NO and induce vascular smooth muscle 
cells via a pathway involving PDGF. UA can also accumulate inside 
atherosclerotic lesions (125) and elevated UA is seen in both idiopatic (126) and 
SSc-PAH (127).  
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Cystatin C: Cystatin C is a reversible inhibitor of cysteine proteinases that is 
produced by most cells. It is freely filtered at the glomerulus and is then 
reabsorbed and catabolized in the proximal renal tubules. It is not affected by 
gender or muscle mass, and it is sensitive to small impairments of renal function. 
It is therefore believed to be a more accurate measure of renal function than 
creatinine, especially when the loss of renal function is moderate (128). In recent 
years, cystatin C has been reported to be a prognostic marker for CVD in the 
general population even after adjustment for renal function (129).  

 

 

2.8 TRADITIONAL RISK FACTORS: 

The classical traditional risk factors for cardiovascular disease were described in 
the large epidemiological study in Framingham 1971. The original Framingham 
risk factors are age, male gender, smoking, family history, diabetes, hypertension 
and hyperlipidaemia (130) 

There are only a few studies addressing the lipid profile in systemic sclerosis. 
Most of these studies did not find any differences in lipid profile between 
patients and controls but there are a few reports of higher levels of triglycerides, 
lower levels of high density lipoprotein (HDL) (131), higher sensibility to 
oxidation of low-density lipoprotein (LDL)(132) and higher levels of lipoprotein 
a (Lp(a)) (133).  
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3 CARDIOVASCULAR DISEASE AND 
ATHEROSCLEROSIS IN SYSTEMIC SCLEROSIS 

 

3.1 THE HEART IN SYSTEMIC SCLEROSIS:  

Clinical manifest/symtomatic cardiac disease has a prevalence between 15-35% 
in SSc, but subclinical cardiac disease is found in the majority of patients (134). 
When clinically evident, cardiac manifestations are associated with a poorer 
prognosis and mortality (135). All structures of the heart can be involved with 
manifestations such as pericardial effusion, arrhythmias, conduction system 
defects, valvular impairment, myocardial ischemia, myocardial hypertrophy and 
heart failure (136). 

In autopsy studies d´Ángelo (137) and Bulkley (138) found patchy myocardial 
fibrosis with a characteristic distribution of the lesions in the myocardium that 
did not correspond to the regional blood supply of a single coronary artery. The 
coronary arteries in these autopsy cases were also strikingly unaffected.  In 
another autopsy study (139), eight SSc patient, all with previous known heart 
disease (six of them died of sudden death) had distinct morphological 
abnormalities in the conduction system, especially in the sinus node. Narrowing 
and platelet-fibrin clots in the small coronary arteries supplying these regions 
were also detected. This lead to the theory of a “myocardial Raynaud´s 
phenomenon”, according to which damage to the heart is caused by repeated 
ischemia-reperfusions. This theory has been tested in several cold-provocative 
studies (140, 141). 

Myocardial biopsies on the other hand have been undertaken in patients with 
cardiac failure and they often show an inflammatory pattern, i.e. evidence of 
myocarditis. Most are case reports or case series (142, 143) but in one study 
comparison between idiopathic PAH and SSc PAH showed a marked 
inflammation in myocardium of SSc-patients (144). 

Clinical myocarditis is commonly associated with skeletal muscle diseases or 
scleroderma-myositis overlap (145, 146). Pericarditis is prevalent in 30-75% of 
patients, but it is often asymptomatic (147).  

Cardiac MRI has emerged as a sensitive technique to identify cardiac disease 
in SSc and it has identified a high prevalence of disease, which correlates with 
previous autopsy studies. Gadolinium-delayed contrast enhancement is used to 
evaluate myocardial fibrosis while T2-weighted imaging identifies inflammatory 
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lesions (148-150). 

 

Left ventricular systolic or diastolic dysfunction can occur many years before 
becoming clinically evident (147, 151). Systolic dysfunction seems to be less 
common than diastolic dysfunction (152-156) and it mainly occurs together with 
and likely because of concomitant coronary artery disease or systemic 
hypertension (152, 157). One study used a newer strain method to detect LV 
systolic impairment and found LV systolic dysfunction in even in patients with a 
normal LVEF (158). When a low LVEF is present, it seems to be associated with 
clinical characteristics such as myositis, digital ulcerations, male gender, older 
age and it is more common in patients who are not treated with calcium-channel 
blockers (159). 

 

LV diastolic dysfunction has been subject of numerous studies in SSc because of 
the assumption that it mirrors myocardial fibrosis. The prevalence of diastolic 
dysfunction in SSc, measured with conventional Doppler echocardiography, is 
20-40% (153, 156, 160, 161), and with tissue Doppler as high as 60% (162, 
163),  but there are also studies, including ours, were no difference in diastolic 
dysfunction between patients and controls were detected, especially after 
adjusting for other factors (164, 165). Although diastolic dysfunction can be 
detected with several measurements on echocardiography, Lee et al found that 
the E/é ratio was more sensitive than E/A ratio in SSc patients (166). 

 

Right ventricular systolic and/or diastolic dysfunctions are also impaired in SSc 
(167-169), and seem to exist despite no underlying PH or LV dysfunction (156, 
164, 170). Right ventricular dysfunction seems furthermore to be more 
pronounced in patients with SSc-PAH than idiopatic PAH (171, 172). 

Echocardiography is used as a screening method for PH in SSc, and an ePAP>36 
mmHg is a predictor of mortality in SSc patients (173). Although right heart 
catheterisation remains as the golden standard for the detection of PH, 
echocardiography, especially in combination with other test such as pulmonary 
function test and biomarkers seems to be reliable for screening (174). 

 

 



 

 23 

There are not many studies addressing valvular defects in SSc. In autopsy 
studies, shortening of the chordae tendineae of the mitral valve has been noted, 
as well as mitral and tricuspid valve vegetations (138). Even if there are several 
echocardiographic studies in SSc, there are only a few reports on valve 
regurgitations or stenosis. In one small study including 11 patients with 
progressive systemic sclerosis, mitral valve prolapse was recorded in 2 patients 
(175). Kazzam et al examined 30 patients and 30 controls and found mitral 
regurgitation in 67% of the SSc patients versus 15% of the controls (176). In a 
study comparing SSc-, myositis-, SLE- patients and controls, patients with SSc 
had the highest frequency of mitral and/or aortic regurgitation, 10% versus 1.7% 
in SLE and 0% among myositis patients and the controls. 11,3% of the SSc 
patients and 18,7% of the SLE patients had tricuspidalis regurgitations; this 
finding was associated with a higher right systolic pulmonary pressure (177). I a 
large study consisting of 570 patients, 7.2% had mitral regurgitation, and 2.4% 
aortic regurgitation (161) 

 

Conduction defects and arrhythmias:  

An abnormal ECG is present in 25-75% of patients with SSc and is considered 
an independent predictor of mortality (178, 179). In a EUSTAR database study, 
26% of the deaths were due to cardiac disease and about half of these were due 
to malignant arrhythmias (135)(Tyndall). In another study cardiac arrhythmias 
were one of seven variables predictive for mortality, with a hazard ratio (HR) of 
2.8 (180).  

In a study by Ferri et al, ventricular arrhythmias were found in 90% of SSc 
patients with Holter ECG, but they did not correlate with clinical variants or with 
other clinical symptoms or signs of the disease. Abnormal ventricular 
arrhythmias were more likely in patients with echocardiographic abnormalities 
(181). A large observatory study reported that severe cardiac arrhythmias with a 
poor prognosis were significantly more frequent in patients with concomitant 
skeletal and cardiac muscle involvement (146). Some studies have also 
demonstrated impairment of heart rate variability and turbulence as a measure of 
autonomic nervous system dysfunction (182).  

Conduction alterations are more prevalent in SSc than controls (183). The most 
common alteration seems to be left bundle branch block (LBBB), but AV-
conduction defects and right bundle branch block (RBBB) are also present. 
RBBB are predictive for mortality in early SSc (184) 
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QTc prolongation, which can lead to life-threatening tachy-arrhythmias, has also 
been reported in SSc patients (178). 

Follansbee et al found septal infarction pattern in 10 of the SSc patients but none 
of the controls. A more detailed examination was done in 6 of these patients and 
all had septal thallium perfusion abnormalities, but normal coronary angiography 
(183). 

 
 

3.2 MACROVASCULAR DISEASE AND ATHEROSCLEROSIS IN 
SSC 

 

During the last years, there is emerging evidence of a high prevalence in SSc of 
disease manifestations commonly associated with atherosclerosis such as 
myocardial infarction (MI), peripheral vascular disease (PVD) and stroke.  

During 2012-2013 there were 3 population-based studies addressing this matter 
from three different continents. In a study from Taiwan, the hazard ratio (HR) for 
myocardial infarction (MI) in SSc was 2.45 (185) and in a study from Boston, 
USA, the HR was 1.8 for MI, 2.6 for stroke and 4.35 for PVD (186). In a study 
from Australia, the odds ratio (OR) for coronary heart disease in SSc was 
between 1.9 and 3.2 depending on control group and adjustment for other factors 
(187). 

Although the underlying factors still are under evaluation there is some evidence 
of an enhanced atherosclerosis in SSc patient as compared with controls, but the 
studies are conflicting and differ in selection of both patients and controls (table 
below). Two meta-analyses have concluded in favour of enhanced 
atherosclerosis (188, 189).  
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Table: Atherosclerosis in systemic sclerosis: 
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Table 4: A selection of previous studies of atherosclerosis in SSc vs controls: 
 
 Characteristics patients Characteristics controls IMT (mm) and/or Plaque (%) 
Lekakis et al 
1998 

N: 12, age: 49, female 100% 
dcSSc 100% 
No ACA 

N: 12, age: 49 female 100% 
Healthy, no ECG 
abnormalities  

0.83 ± 0.3 patients 
0.46!± 0.2 controls 

é  
P=0.002 

Stafford et 
al 1998  

N: 20, age: 64, female 90%  
lcSSc 90% dcSSc10% 
 

N: 20, age: 66 
Other reumatic diseases 
(excluding SLE and 
vasculitis) matched for age, 
sex, smoking, diabetes, and 
hypertension 

CCA diameter  cm/m2 
43.3 patients 
44.8 controls 
    

çè 
p=0.7 

Cheng et al. 
2003  

N: 53, age 55, females 81% 
 

N: 20, age 43 females 80% 
Patients undergoing surgery, 
no cardiac disease 

0.68 ± 0.27 (lcSSc) 
0.62±0.20 (dcSSc) 
0.63 ± 0.20 controls 

çè 
P = 0.090 
 

Szucs et al. 
2007  

N: 29, age 52 
Excl: previous CVD, 
diabetes, smokers, BMI>30, 
vasculitis, infection, renal 
failure. 

N: 29, age 49 
Health staff and patients 
from the hospital, matched 
for age, sex and traditional 
risk factors 

0.67±0.26 patients 
0.57±!0.09 controls  
 

çè 
P = 0.067 

Kaloudi et 
al. 2007  
 

N: 66, age 62 
55 lssc, 11 dssc 
Excl: diabetes, smokers, 
renal failure. 

N: 20, age 58 
Selection not specified 

0.90 ± 0.04 (lcSSc) 
0.87 ± 0.04  (dcSSc) 
0.69 ± 0.01 controls 
 

é 
P < 0.01 
 

Bartoli et al  
2007 

N: 53, age 60 females 89% 
lcSSc 85% dcSSc 
 

N: 53 age: 56, females 93% 
Excl: previous CVD 

0.85 ± 0.03 patients 
0.68 ±0.01 controls 

 é 
P<0.03 

Bartoli et al. 
2007  
 

N: 35, age: 61  
Excl: diabetes, kidney 
disease, tx: steroides or Cyc. 

N: 20 age not specified 
Health staff, comparable age, 
sex, traditional risk factors. 

0.93 ± 0.29 patients 
0.77 ±0.13 controls 
 

 é 
P<0.003 

Zakopoulos 
et al. 2003  

N: 40, age not specified 
 

N: 45 age not specified 0.69±0.25 patients    
0.59±0.1 controls 

çè 
NS 

Roustit et al. 
2008  

N: 42, age 51 
Excl: smoking, diabetes, 
severe disease (Cardiac or 
pulmonary failure, IHD) 

N: 33, age 52  
Asked by advertice in paper 

0.53±0.23 patients 
0.51±0.11 controls                  
 

çè 
p=NS 

Hettema 
2008 

N: 49, age 55, females 84% 
lcSSc 82%, dcSSc 8% 

N: 32, age 51, females 91% 
Selection not specified. 

0.69 
0.68  

çè 
p = 0.067 

Ho et al. 
2000  
  

N: 54, age: 57, female 93% 
lcSSc, dcSSc 

N: 43, age: 53, female 81% 
Population-based with 
comparable age, gender. 
Excl: Raynaud´s 
phenomenon, other 
Rheumatic diseases 

64% patients 
35% controls  
 

é 
p= 0,007 
 

Sherer et al. 
2007  
 

N: 44, age: 62, gender ?  
lcSSc 86%, dcSSc 14% 
ACA 50% 

N: 32, age: 60, gender ? 
Age-matched 

IMT > 0,9 mm: 
43% patients  
28% controls 

é 
P=0,026 
 

Tsifetaki et 
al 2010  

N: 60, age 56, females: 92% 
lcSSc 

N: 51, age 51, females 88% 
 

0,77 ± 0,2 patients 
0,59 ± 0,14 controls 
 

é 
 
p<0,0001 
 

Excl: history of CVD, hypertension, smokers, diabetes, 
hypothyroidism, liver or kidney diseases, Cushing’s 
syndrome, BMI > 30, receiving medications affecting lipid 
metabolism 

Vettori et al. 
2010  
 

N: 50, age 52, females 92% 
lcSSc 70%, dcSSc 30 % 
ACA 52% 

N: 41, age: 52, females 90% 
Fibromyalgia or 
osteoarthritis patients 
matched for age and sex. 

0,61 ± 0,24 patients 
0,65 ± 0,17 controls 
IMT >9 and/or plaque 
28% patients 
9.8% controls 

çè 
P>0.05 
 
 é 
P=0.004 

Schiopu et al 
2013 

N: 46, age: 49, females 100% 
lcSSc 50% dcSSc 50% 

N: 46, age: 49,females 100% 
Matched for age and 
ethnicity, randomly selected 
from a previous study 
consisting of 167 controls, 
reported healthy. 

0.59±0.13 patients 
0.56±0.13 controls 
plaque: 
46% patients 
20% controls 

çè 
P=0.07 
é 
P=0.01 

N: numbers, SSc: Systemic sclerosis, IMT: intima media thickness,  dcSSc: diffuse cutaneous SSc, lcSSc: limited cutaneous SSc, 
ACA: anticentromere antibodies, SLE: systemic lupus erythematosus, CCA: common carotid arteries, CVD: cardiovascular disease,  
IHD: Ischemic heart disease, BMI: body mass index 
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3.3 MICROVASCULAR DISEASE IN SYSTEMIC SCLEROSIS: 

1975 Campbell and LeRoy presented their “vascular hypothesis”, which 
suggested that microvascular disease was a fundamental part of the pathogenesis 
of scleroderma (205). This hypothesis has lead to a change in the definition of 
SSc criteria (11) and also to development of more vascular animal models 
addressing the pathways involved in the progression to both vasculopathy and 
fibrosis (37, 206, 207).  

Raynaud´s phenomenon (RP) is one of the most common disease manifestations 
in systemic SSc, affecting >90% of all patients. In most cases it also precedes the 
other disease manifestations by several years. In addition to an injury of the 
endothelium, decreased release of vasodilatory neuropeptides from sensory 
nerves and up regulation of vascular smooth muscle receptors that enhance 
vasoconstrictive responses to stress or cold stimuli are implicated in the 
dysfunction leading to RP (32).  

Biopsies from the digits of patients with SSc-RP shows unique changes in 
vascular structure, characterized by intimal thickening, narrowing of the vascular 
lumen and in some cases also microthrombosis (208).  

The structural changes in the capillaries are easily detected in the nail folds of 
SSc patients and a typical scleroderma pattern has been described, which 
includes capillary loss, dilated capillaries, microhemorrages (209). This pattern 
is present in >80% of the SSc patients, but its not unique for SSc. It can 
occasionally be found in other connective tissue diseases, such as mixed 
connective tissue disease (MCTD) or myositis (210). A staging system has been 
developed by Cutolo et al dividing the morphological changes into an early, 
active and late pattern (99). 

The structural changes in the capillaries can be visualised in other sites of the 
body as telangiectasias in the skin or gastric antral vascular ectasias (GAVE) in 
the stomach (32). 

Although the morphological changes in the nailfold capillaries are most studied, 
there are also evidence of impaired capillary blood flow (211) and a reduced 
response to different stimuli with iontophoresis (212). 

The changes in nailfold capillary pattern, especially loss of capillaries, has been 
associated with disease severity (213), an elevated ePAP or PAH (214-216), 
digital ulcers (217), severity of digital ischemia and ACA (218). 
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About 40-50% of the SSc patients develop digital ulcers, usually in the first 5 
years from disease onset (61). Digital ulcers localized on the finger pads can 
leave a pitting scar, which can be seen in 15-30% of the patients. The ulcers take 
3-15 months to heal (219) and are associated with a reduced quality of life, work 
disability (220). Infections, osteitis, gangrene and amputations are some of the 
complications associated with DU in SSc (221). 

Digital ulcers can also bee seen on the dorsum of the hand, often localized on the 
knuckles. These ulcers seem to be more associated with mechanical stress 
because of the tightness of the skin and contractures in this region. Despite this, 
these ulcers reduce QoL just as much (222).  

Digital ulcers have been associated with capillary microscopy findings and 
reduced capillary density is therefore used in two different score system for 
prediction of future digital ulcers (223, 224). Factors associated with digital 
ulcers are many and in several studies discrepant i.e. male gender, dcSSc, ATA 
(52, 219, 225) or lcSSc, and ACA(226, 227) are factors which have been 
positively associated. Because of the discrepant in definition of digital ulcers 
(228), an international group has suggested a method of categorizing ulcers for 
pharmacological studies(229). 

Besides RP and digital ulcers there are two other severe disease manifestations 
where the vasculopathy seems to be of major importance: the scleroderma renal 
crisis (SRC) and pulmonary arterial hypertension (PAH) (32).  

SCR was the major cause of death in SSc about 40 years ago, but since the 
introduction of ACE inhibitors, this disease manifestation is rare (230). SRC is 
typically characterized by a sudden and marked increase in systemic blood 
pressure (although normotensive SRC has been described) and acute renal failure 
(230). The histopathology shows a thrombotic microangiopathic process similar 
to idiopathic malignant hypertension with small vessel changes that predominate 
over glomerular alterations (231). Small vessel thrombi, intimal fibrosis and an 
onion-like appearance around the vessels, which obstruct the lumen, are typical 
for SRC. Even if early treatment with ACE-inhibitors have reduced mortality, 
SRC is associated with significant morbidity and mortality (232, 233) 

PAH is together with pulmonary fibrosis the dominating cause of scleroderma 
related deaths (ref). Despite new PAH treatments during the last 10 years, SSc 
associated PAH still has a more pessimistic prognosis than idiopathic PAH. 
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4 AIMS 
We wanted to examine if SSc patients had more macrovascular disease, 
atherosclerosis and cardiac disease than controls, and also if macro- and 
microvascular disease were associated in SSc patient. 

We specifically aimed to answer the following questions: 

1. Are macrovascular events more common in SSc patients than in controls, 
and if so, what events are more prevalent? 

2. Do Scc patients have more atherosclerosis than controls? 
3. How do traditional risk factors, inflammatory and endothelial biomarkers 

relate to the occurrence of macrovascular disease and atherosclerosis in 
SSc?  

4. Do cardiac rhytm disorders differ between SSc patients and controls?  
5. Do ecocardiographic abnormalities differ between SSc patients and 

controls? Are echocardiographic abnormalities associated with SSc 
subsets? 

6. Are the cardiac biomarkers (cTnI, NT-proBNP) elevated in SSc patients, 
and are they associated with echocardiographic abnormalities?  

7. Are there any associations between macrovascular and microvascular 
disease in SSc? 
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5 METHODS 

5.1 STUDY POPULATIONS 

Studies I-III are cross-sectional case-control studies, including 74% of the known 
prevalent SSc-cases in Stockholm County. Study IV is a cross sectional study 
including 163 consecutive SSc patients. 

 

Studie I-III.  

All participants were >18 years old and recruited from the adult population in 
Stockholm County (N=1 534 272) between August 2006 and December 2009. 

 

Patients:  

Prevalent cases with SSc were identified at the three Rheumatology clinics 
associated with general/university hospitals and from all rheumatologists with 
private practice. All dermatologists, gastroenterologists, specialists in respiratory 
medicine, hand surgeons, cardiologists, vascular surgeons and general 
practitioners were contacted twice and asked to inform us about their patients 
with SSc or suspected SSc. A letter describing features of SSc was attached. 

Through this approach, we identified 149 cases fulfilling the 1980 ARA criteria 
for SSc (7), which corresponds to a prevalence of 97 adult SSc cases/ million. Of 
those 118 patients accepted to participate in the study and were included. Seven 
patients did not complete the cardiovascular examination, and one patient was 
only investigated with carotid ultrasound but not with the heart examination, 
therefore study I consists of 111 patients and study II and III consist of 110 
patients. After permission from the patients not included in the study (26%), 
their medical records were reviewed, and they did not differ from the included 
patients (74%) regarding age, disease duration or severe organ manifestations. 

We also performed a search for the diagnosis M34.0-M34.9 in the Swedish 
inpatient/outpatient registry for persons living in Stockholm between august 
2006 and December 2009. This search identified 235 patients with one of these 
diagnose codes, but earlier studies have demonstrated a high level of 
misclassification in this diagnosis group, with about 50 % of the patients not 
fulfilling the 1980 ARA criteria. (14, 234). 
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Controls:  

Control subjects were recruited from the same population through use of the 
national registration number, which includes date of birth and is coded for sex. 
The sex-matched person with the birth date closest to the patient was contacted 
and asked to participate. A diagnosis of SSc was the only exclusion criteria. 
When the “first choice” declined, the second closest person was asked, until a 
control subject gave his/her consent. In 65 % of the cases, the “first choice 
control” accepted to participate. 110 controls were included, but five did not 
complete the cardiac/carotid examination, thus 105 controls participated in study 
I-III.  

Studie IV 

The 118 patients included between 2006-2009 and 45 patients included between 
January 2010-September 2013 participated in this study. We used the new 
classification criteria for this cohort (11) thus including 11 patients who only 
fulfilled the new classification criteria. The rest of the patients fulfilled both the 
1980 ARA and the 2013 ACR/EULAR classification criteria. Some of the 
patients, who did not want to participate in studies I-III, gave their consent to 
participate in study IV.  

The local Ethics Committee of the Karolinska University Hospital approved the 
studies and all participants gave written informed consent.  
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5.2 DEFINITION OF DISEASE ACTIVITY, SEVERITY, ORGAN 
INVOLVEMENT AND CARDIOVASCULAR EVENTS: 

 

Table 4: European Scleroderma Study Group activity score (235). 

Criteria Point 

mRss >14 1 

Scleredema 0.5 

Deterioration skin* 2 

Digital necrosis (active digital ulcers 
ranging from digital tip infarcts to 
digital gangrene) 

0.5 

Deterioration vascular* 0.5 

Arthritis 0.5 

DLCO<80% of predicted value 0.5 

Deteriotation heart/lung* 2 

ESR >30 1.5 

Hypocomplementemia (Low C3 or 
C4) 

1 

mRSSc: modified rodnan skin score, deterioration*: patient report worsening the last month of these symptoms.  

DLCO: Diffusion capacity of the lung for carbon monoxide. ESR: erythrocyte sedimentation rate. 

A score >2.5 is defined as active disease. 
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Table 5: Medsger Disease Severity scale: (236) 

Organ 
system 

0  1 (Mild) 2 (Moderate) 3 (Severe) 4 (Endstage) 

General  Wt loss 5.0–9.9 kg 
PCV 33.0–36.9% 

Wt loss 10.0–14.9 
PCV 29.0–32.9 

Wt loss 15.0–19.9 
PCV 25.0–28.9 

Wt loss 20.0+, PCV < 
25.0 

Peripheral 
vascular 

 Raynaud 
phenomenon 
requiring 
vasodilators 

Digital pitting scars Digital tip 
ulcerations 

Digital gangrene 

Skin  TSS = 1–14 TSS = 15–29 TSS = 30–39 TSS = 40+ 

Joint/tendon  FTP = 1.0–1.9 FTP = 2.0–3.9 FTP = 4.0–4.9 FTP = 5.0+ 

Muscle  Proximal 
weakness,mild 

Proximal 
weakness,moderate 

Proximal 
weakness,severe 

Proximalweaknesssevere; 
ambulationaids required 

Gastro--
intestinal tract 

 Distal esophageal 
hypoperistalsis: 
small bowel series 
abnormal 

Distal esophageal 
aperistalsis; 
antibiotics required 
for  

Malabsorption 
syndrome; 
episodes of 
pseudoobstruction 

Hyperalimentation 

required 

Lung  DLCO 70–80%, 
FVC 70–80%, rales, 
fibrosis on ograph 

DLCO 50–69%, 
FVC 50–69%, mild 
PH 

DLCO < 50%, 
FVC < 50%, 
mod-sev PH 

Oxygen required 

Heart  EKG conduction 
defect LVEF 45–
49% 

Arrhythmia RVE 
plus LVE, LVEF 
40–44% 

LVEF < 40% CHF, arrhythmia 
requiring Rx 

Kidney  Serum creatinine1.3–
1.6 mg/dL Urine 
protein 2+ 

Serum 
creatinin1.7–2.9 
Urine protein 3–4+ 

Serum creatinine 
3.0+ 

 

Dialysis required 

 

Wt: weight, CHF, congestive heart failure; DLCO, diffusing capacity for carbon monoxide, % predicted; ECG, 
electrocardiogram; FVC, forced vital capcity, % predicted; FTP, fingertip-to-palm distance in flexion; LVE, left 
ventricular enlargement; LVEF, left ventricular ejection fraction; PCV, packed cell volume (hematocrit); RVE, right 
ventricular enlargement; TSS, total skin thickness score.  

We omitted the joint/tendon and muscular scores due to lack of data regarding 
these items. 
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Organ involvements were defined as:  

Skin score: measured by modified Rodnan skin score (237). This is a method of 
manually measure the skin by palpation the skin to assess the structure. A scale 
from 0-52, where 0 is normal structure and 3 is adhered to the underlying tissue. 
Skin thickness is measured at 17 sites. 
Suspected pulmonary hypertension (sPH): tricuspidalis V-max >2.9m/s on 
Doppler ultrasound.  
Pulmonary fibrosis: signs of fibrosis on X-ray or high-resolution computed 
tomography (HRCT). HRCT was performed in 90% of the patients.  
Myositis: muscular weakness and elevated creatine kinase (CK) and signs of 
inflammation on magnetic resonance imaging (MRI), electromyography (EMG) 
or muscle biopsy.  
Arthritis: swollen joints on examination or arthritis documented in the journals.  
Kidney involvement: a history of scleroderma renal crisis or >1 on the Medsger 
scale for kidney damage 
Digital ulcers: a history of digital ulcers documented in the journal or present at 
inclusion 
Calcinosis: calcium deposits in the skin, observed at inclusion or vizualised on 
X-ray.  
Raynauds Phenomenon: Self reported, with at least a 2-phase colour change in 
fingers consisting of pallor, cyanosis and/or hyperemia in response to cold 
exposure or emotion. 
Scleroderma Renal Crisis: A sudden and marked increase in systemic blood 
pressure and acute renal failure.   

Ischemic arterial events (IAE) were defined as: 

Ischemic heart disease (IHD): myocardial infarction (confirmed by 
electrocardiography and a reversible rise in plasma creatine kinase, muscle and 
brain fraction (CK-MB) or troponin T) or angina pectoris (confirmed by an 
exercise stress test).                                                                                      
Ischemic cerebrovascular disease (ICVD): cerebral infarction (confirmed by 
computed tomography) or transitory ischemic attacks (TIA, defined as transient 
focal symptoms from the brain or retina with a maximum duration of 24 hours).        
Ischemic peripheral vascular disease (IPVD): intermittent claudication + 
ankle-brachial index (ABI) <0.9 or peripheral arterial thrombosis/embolus 
(confirmed by angiogram or Doppler flow studies). 

Any ischemic arterial event includes 1 to 3 above. 
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5.3 ASSESSMENT OF ATHEROSCLEROSIS, HEART RHYTHM, 
HEART FUNCTION AND MICROVASCULAR STRUCTURE:  

Study I:  

Carotid ultrasound: 

The left and right common carotid arteries and bifurcation areas were scanned 
for presence of plaque and images for IMT measurements were received using a 
duplex scanner (Siemens Acuson Sequoia, Mountain View, CA, USA) with a 
7.0 MHz linear array transducer. Scans were digitalized for offline analysis. The 
subject’s head was tilted to get the picture of the common carotid artery (CCA) 
just proximal to the bulb placed horizontally across the screen. Pictures were 
frozen synchronously with the R wave on the electrocardiogram.  

The IMT was defined as the distance between the leading edges of the luminal 
echo and the media/adventitia echo. The IMT was calculated as the intima-media 
area divided by the measured length (10mm) on one scan.  

Plaques were defined as a local increase in wall thickness of >1 mm and 100% 
increase in wall thickness compared to the adjacent wall. 

Ankle-brachial index: 

The study persons were placed in a supine position. The highest systolic pressure 
obtained in arteria tibialis posterior or (if tibialis posterior was inaccessible) in 
arteria dorsalis pedis for each foot were divided by the highest brachial systolic 
pressure to obtain an ankle-brachial pressure ratio (ABI). 

 

Study II:  

Standard and Holter ECGs: 

All patients and controls underwent a standard 12-lead ECG. The first 
participants (49 patients, 42 controls) were investigated at the Department of 
Clinical Physiology, Karolinska University Hospital; they underwent a 22–24-h 
ECG Holter recording (Aspect, Danica Biomedical AB, Borlänge, Sweden). The 
remaining participants (61 patients, 63 controls) were investigated at Aleris 
FysiologLab, Sophiahemmet; they were not subject to Holter tracings. A single 
experienced reader interpreted the recordings without knowledge of patient/ 
control status or other test results. 
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Atrioventricular (AV) and intraventricular (IV) conduction defects were defined 
according to the Minnesota Code Manual (238) Left axis deviation in the 
horizontal plane was defined as an electrical axis between 0 ̊ – 90 ̊. Left 
ventricular (LV) hypertrophy was defined as an R wave inV5 ≥26 mm or R 
wave in V5 plus an S wave in V1 ≥35 mm, ventricular activation time in V5 ≥ 
0.05 s, and ST-T depression in V4–V6. ST segment depression was defined as > 
1 mm horizontal or down-sloping depression. 

Abnormalities on Holter recordings were defined as:  

Ventricular tachycardia, complex ventricular ectopic beats or solitary ventricular 
ectopic beats > 100 for subjects below 50 years of age or > 200 for subjects over 
50 years of age. Supraventricular tachycardia (SVT) was considered abnormal 
for subjects over 50 years of age if > 10 beats, or if more than two episodes/24 h. 
In subjects aged < 50 years, the presence of any SVT was considered abnormal. 
Solitary supraventricular beats were considered abnormal if > 1000 in subjects 
over 60 years of age, > 100 in the 40–60-year age group and > 10 in subjects 
under 40 years of age. 

 

Study II and III 

Echocardiography: 

  We used an Acuson Sequoia (Mountain View, California, USA) with a 2.5 or 3.5 
MHz transducer or a GE Vingmed system 7 (Horten, Norway).  

  Two-dimensional measures were taken as recommended by the American 
Society of Echocardiography (239). Measures of wall thickness and left 
ventricular(AV) plane displacement (240). Briefly atrioventricular plane 
displacement was measured from the apical 4 and 2-chamber views, the M-mode 
cursor was placed at the septal, lateral, anterior and posterior border of the LV 
AV plane (mitral ring) and at the AV plane of the right ventricular free wall. The 
mean AV plane displacement was the average calculated from three heart cycles 
from the four different M-mode positions.  

  The valves were studied carefully for valve thickening and other malformations. 
Doppler and colour Doppler was used to assess valvular stenosis and/ or leakage. 
Regurgitations were graded from the spectral Doppler intensity, the width of the 
colourjet at the base and the appearance of the colour Doppler jet. Regurgitation 
was graded from 1-4 where 1 is mild and 4 severe and regurgitation was 
considered present if it was grade 1 or more. Valvular abnormalities were 
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classified as either abnormal localized echodensity adjacent to valve leaflets or 
valve thickening.  

  Pulmonary artery pressure was estimated by continuous wave Doppler 
measurement of the peak systolic velocity of the tricuspid regurgitation. We used 
the following criteria for PH: 

1. Tricuspid regurgitation velocity > 2.9 m/s, corresponding to an estimated 
pulmonary artery pressure (ePAP) > 34 mmHg at rest with or without 
additional echocardiographic parameters suggesting PH like a dilated right 
ventricle (RV) and impaired RV function.  

2. Tricuspid regurgitation velocity < 2.9 m/s but additional echocardiographic 
parameters suggesting pulmonary artery hypertension. In the absence of 
tricuspid regurgitation pulmonary artery pressure was considered normal. RV 
function was considered abnormal if the free right chamber wall AV 
movement was < 17 mm. Tissue Doppler measurement were made at the 
septal basal segment of the left ventricle and the systolic velocity and the 
diastolic E and A wave velocities were measured. 

 

Study IV 

 

Widefield nailfold capillaroscopy: 

A stereo-zoom microscope instrument (Olympus) set at 20 times magnification 
and equipped with a transparent ruler in one of the eyepieces was used. All 
nailfolds except the thumbs were examined for presence of microhemorrhages, 
enlarged capillary loops and avascular regions. The capillary density (number of 
capillary loops/3mm) was defined as the mean capillary density in the distal row 
in the center of the fourth finger on both hands, because the fourth fingers are 
reported to be the best evaluable fingers (241). Enlarged capillary loops were 
defined as >4 x ordinary capillaries and avascular areas were defined as a lack of 
>2 capillary loops (242). 
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Figure 4: Nailfold capillary findings in a patient with SSc (A) and a healthy 
individual (B). The photos are provided by Marie Wildt, Department of 
Rheumatology, Skåne University hospital, Lund. 

 

Laboratory parameters: 

Paper I: High-sensitivity C-reactive protein (hsCRP), a-1 antitrypsin, 
orosomucoid and fibrinogen were measured using BN ProSpec System (Dade 
Behring, Deerfield, IL, USA). Intercellular adhesion molecule 1(ICAM-1), 
vascular cell adhesion molecule 1(VCAM-1), interleukin 6 (IL-6) and vascular 
endothelial growth factor (VEGF) were analysed by sandwich ELISA kits 
(DY720, DY206, DY137 and DY293B, R & D Systems, Minneapolis, MN, 
USA). Cut-off values were 15 pg/mL for ICAM-1, VCAM-1 and VEGF and 6 
pg/mL for IL-6. von Willebrand factor (vWF) was measured by sandwich 
ELISA (Dako, Glostrup, Denmark) [16]. 

Paper I and III: Cystatin C (reagent: 1014, Gentian, Moss, Norway) was 
analysed on an Architect Ci8200TM analyser (Abbott, Abbot Park, IL, USA). 
The total analytical imprecision of the cystatin C method was 1.1% at 1.25 mg/L 
and 1.4% at 5.45 mg/L. The equation used for calculating glomerular filtration 
rate (GFR) in mL/min/1.73 m2 from the cystatin C results in mg/mL was y = 
79.901x-1.4389[15]. 

 

Paper II: Apolipoprotein (Apo)A1 and ApoB were measured on an Architect 
Ci8200 analyser (Abbott Laboratories, Abbott Park, IL, USA). 

Paper III: High sensitivity cardiac Troponin I (reagent 3P23) and uric acid 
(reagent 3P39-21) were measured with an Architect Ci16200® analyser (Abbott 
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Laboratories, Abbot Park, IL, USA). The limit of detection of the Troponin I 
assay was 2 ng/L and the total coefficient of variation (CV) was 5.5% at 22 ng/L 
and 4.4% at 200 ng/L. The uric acid method had a total CV of 2.1% at 280 
µmol/L and 0.7% at 580 µmol/L.  

NT-proBNP was measured by a Roche Cobas 8000, using the e602 module 
(Roche Diagnostics, Mannheim, Germany) according to the specifications of the 
manufacturer. The instrument had a total CV of 0.9% at 107 ng/L and 1.3% at 
2060 ng/L. 

 

Autoantibodies:  

Paper I-IV: Antinuclear antibodies (ANA) were analysed by immu- 
nofluorescence (IFL) on sections of rat liver and HEp-2 cells (Immunoconcepts, 
Sacramento, CA, USA).  

Paper I, II and IV: Anticentromere antibodies (ACA), anti-topoisomerase 3 
(ATA), and anti-Sjögren’s syndrome antigen A (anti-SSA) Ro-52 were analysed 
by the multiplex immunoassay BioPlex 2200 ANA screen system (Bio-Rad, 
Hercules, CA, USA).  

Paper III: A line immunoassay (Euroline, Euroimmun Lübeck, Germany) was 
used to detect IgG-antibodies to Scl-70, CENP A, CENPB, RP11, RP155,  

 

Statistics (I-IV) 

Caracteristics of the study populations are described using descriptive statistics: 
for continuous variables, mean +/- standard deviation (SD) are used when 
normally distributed, otherwise median and interquartile range are presented. 
Categorical variables are presented as percentages. Skewed continuous variables 
were log transformed to obtain a normal distribution, if possible. Groups are 
compared using ANOVA or Mann-Whitney U test for continuous variables and 
X2 or Fischers exact test for categorical variables.  

Odds ratio (OR) and 95% confidence intervals (CI) are calculated from 2 × 2 
contingency tables or from nominal logistic regression models. For continuous 
variables, we used standard least squares linear regression to calculate 
standardized regression coefficients (b) and P values. In paper I variables are 
sorted into functional groups (traditional risk factors etc.). After age adjustment, 
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the variables within each group, which were representative and most 
significantly, as determined by lowest P value, associated with the outcome were 
entered into a multivariable-adjusted model. Due to limited number of 
observations , we restricted the number of variables. Calculations were 
performed using JMP software SAS Institute, Cary, NC, USA). A P value < 0.05 
was con- sidered statistically significant. 
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6 RESULTS: 
 

Paper 1:  

We examined the presence of subclinical atherosclerosis in 111 SSc patients and 
105 population based controls, individually matched to the patients for age and 
gender.  The IMT, frequency of plaque and the ABI were compared. We also 
examined the presence of ischemic arterial events (IAE) i.e. ischemic heart 
disease (IHD), ischemic peripheral vascular disease (IPVD) and ischemic 
cerebrovascular disease (ICVD). 

Patients with SSc had a history of more IAE than controls, especially IHD and 
IPVD. Despite this we found no difference between patients and controls 
regarding any of the surrogate markers for atherosclerosis on a group level. SSc 
patient had generally higher levels of biomarkers for inflammation and 
endothelial activation and also higher triglycerides than controls. The patients 
had a lower BMI and lower diastolic blood pressure than controls.  

We found that the ACA+ SSc subgroup had a history of more IAE, IPVD and 
they also had more plaques than controls. Subgroup analyses revealed that the 
ACA+ patients had more plaques and more IAE also compared to other SSc 
patients (after adjustment for age, gender and disease duration). 

 

Figure 4: Ischemic arterial events in ACA+, ACA- and controls, adjusted for 
age, gender and disease duration 
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ACA+ and ACA – patients did not differ regarding inflammatory or endothelial 
biomarkers or traditional risk factors 

Patients with SSc are at enhanced risk for IHD and IPVD especially the ACA+ 
SSc subgroup, which was particularly affected with both ischemic IAE and 
premature atherosclerosis. This group should be followed closely and modifiable 
cardiovascular risk factors should be treated at an early stage. 

 

 

Paper II 

Involvement of the heart is, together with lung manifestations, a major cause of 
premature mortality among SSc patients. Early detection of cardiovascular 
involvement is therefor important. The ECG is an inexpensive, non-invasive and 
commonly available method used to screen for cardiac conduction abnormalities 
and arrhythmias but it is sometimes overlooked in favour to more advanced 
instruments. We performed standard 12-lead ECGs on 110 SSc patients in 
Stockholm County and on 105 gender and age matched population-based 
controls. A subgroup underwent 24-h Holter ECGs. Associations with functional 
outcomes of echocardiography, disease subsets, autoantibodies, and 
cardiovascular risk factors were investigated. 

We found resting ECG-abnormalities in 31 patients and 50 % of these were due 
to conduction abnormalities.  The most common conduction defect was left 
bundle branch block (LBBB). 18 controls had ECG-abnormalities but only 5 had 
conduction defects. Instead non-sinus rhythm was the most common abnormality 
in controls. Septal infarction pattern was only found in four patients but as 
previously described, exclusively in the patient group. All patients with a normal 
ECG had a LVEF >50. ECG abnormalities and/or conduction defects were not 
associated with autoantibodies, inflammation, disease subtype, organ 
involvement or disease duration. Patients had low Apo A1 levels and these were 
associated with both conduction abnormalities and prolonged QTc-time. 

Patients also had more Holter ECG abnormalities than controls and the most 
common abnormality in all participants were ventricular extrasystoles. The 
patients also had a higher mean heart rate than controls. In 50% of the patients 
with holter ECG pathology, the resting ECG was normal. 

It seems as conduction abnormalities and ventricular extra-systoles still are more 
frequent in patients than controls and are not associated with any disease 
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characteristics. Septal infarction pattern was exclusively found in the patients but 
was rare and not associated with any particular clinical characteristics. A 
standard 12-lead ECG is good at detecting conduction defects and a normal ECG 
ruled out severe LV dysfunction but to find potentially severe arrhythmias, 
Holter registrations should be performed. 

 

Paper III 

Cardiac dysfunction in SSc can involve a variety of structures of the heart. 
Yearly screening for PAH is recommended in SSc by international cardiology 
organisations. We performed an echocardiography in 110 patients and 105 
controls, and we investigated how our findings related to cardiac biomarkers.  

44 SSc patients and 23 control subjects had an abnormal echocardiogram 
(P=0.002). As a group SSc patients had lower (but normal) left ventricular 
ejection fraction (LVEF, P=0.02), more regional hypokinesia (P=0.02) and 
more valve regurgitations (p=0.01) than controls. 13 patients and 4 controls 
had previous IHD. SSc patients had low right ventricular (RV) function, 
mostly in combination with LV abnormalities/dysfunction. Fifteen patients 
versus none of the controls had an elevated ePAP. NTproBNP and hs-cTnI 
were higher in SSc patients, and both biomarkers were associated with 
presence of echocardiographic abnormalities. 
 
Table 5. Biomarkers of cardiac stress and its relation to echocardiographic 
abnormalities: 

*: p<0.05, **: p<0.01, ***p<0.001, ****p<0.0001 
 

Biomarkers Abnormal 

echocardiography 

N; 44 

Odd Ratio (CI) 

Estimated PAP 

>34 mmHg 

N: 15 

Odd Ratio (CI) 

Valvular 

insufficiency 

N: 9 

Odd Ratio (CI) 

LVEF<50% and/or 

LV hypokinesia 

N: 12 

Odd Ratio (CI) 

NT-proBNP (ng/L) 2.5 (1.5-4.6)*** 1.9 (1.2-3.2)** 2.4 (1.4-5.0)** 3.2 (1.8-7.1)**** 

hs-cTnI (ng/L) 2.8 (1.3-6.4)** 3.2 (1.4-8.0)** 3.2 (1.1-10.6)* 3.8 (1.7-10.1)** 

Uric acid (µmol/L) 1.01 (1.00-1.01)* 1.00 (0.99-1.00) 1.00 (0.99-1.01) 1.0 (0.99-1.00) 
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SSc patients have a higher prevalence of abnormal echocardiograms than 
controls. Low RV-function and signs of pulmonary hypertension were uniquely 
found in the SSc group. More SSc patients than controls had valvular 
insufficiencies. Both NTproBNP and hs-cTnI were associated with 
echocardiographic abnormalities. Our results suggest that, hs-cTnI, in addition 
to NTproBNP, is a useful new biomarker for cardiac disease in SSc. 

 

Paper IV 

Emerging evidence demonstrate that patients with systemic sclerosis (SSc) suffer 
from both micro- and macrovascular disease. Structural changes in nailfold 
capillaries, is one type of microvascular involvement, which has been associated 
with clinical microvascular symptoms such as digital ulcers and PAH. In this 
study we investigated the association between nailfold capillary changes and 
macrovascular IAE by examining 163 consecutive patients, fulfilling the new 
2013 EULAR/ACR classification criteria for SSc with widefield nailfold 
capillaroscopy. Disease characteristics, autoantibodies, previous digital ulcers, 
IAE, the duration and severity of Raynaud´s phenomenon (RP) and the 
echocardiographic/Doppler estimated pulmonary arterial pressure (ePAP)were 
tabulated. 

Mean age was 61 ± 13 years and 83% were female. Enlarged capillary loops and 
avascular regions were found in 52% and 54% respectively. Mean nailfold 
capillary density was 13.5 ± 4.5 loops/3mm. 13% had a history of IAE, 17% had 
an ePAP>35 and 39% had a history of digital ulcers. Enlarged capillary loops 
were associated with a shorter disease duration and presence of anticentromere 
antibodies (ACA). Occurrence of avascular regions was associated with longer 
disease- and RP duration, ACA, digital ulcer and limited cutaneous SSc. A low 
capillary density was more common among patients with a higher ePAP, ACA, 
digital ulcers and IAE.  

Patients with IAE had a lower nailfold capillary density, but they did not differ 
from other SSc patients with regard to history of digital ulcers, ePAP>35 mmHg, 
enlarged capillary loops or avascular regions. Our results also confirm that a low 
capillary nailfold density is associated with a higher ePAP and with digital 
ulcers.  
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7 DISCUSSION: 
Our studies have highlighted the importance of evaluating both the micro- and 
macrovascular disease in SSc. I would in particular like to focus the concluding 
discussion on the following observations and subjects.   

Subgrouping of the patients: 

We found that patients with ACA had more vasculopathy than patients with 
other autoantibodies. The classical LeRoy subgrouping of SSc patients is defined 
by the distribution of skin involvement (4). It did not correlate with the 
frequency of vascular disease or atherosclerosis in our study. Since the new 
classification criteria also include patients without any skin involvement, future 
studies will probably use antibody subgrouping. These are easier to apply and 
the antibodies also seem to be more reliable, and more clearly associated with 
clinical manifestations. In a large study based on the EULAR database, antibody 
profile was superior to lcSSc/dcSSc to define and predict future organ 
manifestations (52). The antibodies are also stable over time and don’t switch 
from one specificity to another (47). In some cases though, ATA can disappear 
after treatment, but this is uncommon. 

The skin score on the other hand is variable during the course of the disease and 
even without any treatment, skin score declines after many years of SSc. If the 
patient is not diagnosed during the first years of the disease the skin thickness 
and the distribution of skin involvement may regress so that after some time a 
dcSSc patient can “look like” a lcSSc patient. For example: in our cohort, about 
50% of the patients had a disease duration of more than 10 years and even if 
20% of these patients considered to be dcSSc at disease onset, only 2 % still had 
the skin distribution characteristic of the dcSSc subtype at the time of the 
inclusion into this study.  

Characteristics of patients and controls: 

In our studies we chose to include all patients, with no exclusion criteria, to 
determine if macrovascular events and atherosclerosis were more frequent in SSc 
patients than in controls.  We selected population-based controls with no other 
exclusion criteria than a diagnosis of SSc. By this approach we aimed to study 
true differences between patients and controls and also to find differences with 
regard to traditional cardiovascular risk factors. 

When comparing our results with others we note a difference in both the 
selection of patients and controls. Many studies use other patients from other 
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studies (se table 4) or health staff as comparators. Even if the aim is to match for 
age, in many of the previous studies there is often a difference in 2-5 years 
between patients and controls. The frequency of plaques and the IMT rise 
quickly in the age spans where SSc is common, especially after 60 years of age. 
In our study we were able to match our patients with controls very tightly, but 
despite pacemakers and echocardiographic abnormalities were more common 
among controls than expected.  

When asking persons in the general population to participate as controls in a 
study like this it is possible that those, who feel a need for medical check-up. 
Possibly because of appositive CVD heredity or a previous known 
cardiovascular disease, are more likely to accept participation. Our study 
nevertheless demonstrated that SSc patients had more CVD than controls, even if 
the population-based controls may not have been as healthy as expected.  

 

Evaluation of cardiac involvement: 

International heart associations recommend yearly echocardiographic screening 
for PH in SSc patients. In clinical practise this can be difficult to pursue, 
especially when the aim today is to find patients with early SSc, who can have 
their disease for many decades before PH manifests. It has been shown in 
previous studies that clinical symptoms of PH are discrete and when present 
difficult to discriminate from symptoms of interstitial lung disease or cardiac 
ischemia (243).  Several multicentre studies conducted the last ten years have 
resulted in attempts to combine clinical findings with various biomarkers or tests 
in order to detect PH before it is clinical overt (244-246). 

In study II and III we described an enhanced frequency of both rhythm disorders 
and clinically significant echocardiographic abnormalities among SSc patients. 
Conduction disorders were common and in some cases so severe that they had 
caused implantation of a pacemaker. Frequent ventricular extasystoles were also 
detected. In addition to higher ePAP the echocardiographic investigation also 
demonstrate valvular insufficiencies, hypokinesia and low LVEF among SSc 
patients.   

Remembering that cardiac disease together with pulmonary fibrosis and PAH 
constitute the major causes of death in SSc it is important to routinely check for 
cardiac involvement. A standard ECG seems insufficient to detect cardiac 
dysrhythmias; Holter ECG should be conducted at least once and thereafter 
regularly if aberrations are detected or the patient has symptoms.  
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Our studies highlight the importance of a routine check-up with cardiac function 
test, such as echocardiography, not only for detection of suspected PH, but also 
for signs of systolic or diastolic dysfunction and valvular defects.  

  

Biomarkers of cardiac damage:  

NT-proBNP now belongs to the arsenal of “clinical routine” biomarkers. It is 
commonly used to diagnose and monitor heart function, especially in heart 
failure, but it is also used in the evaluation of disease severity of PH/PAH. Even 
if it is a good marker for cardiac failure, it can´t detect the pathophysiologic 
background of the heart disease. In our study III we found that cTnI was higher 
in patients with SSc than controls and that it was associated with 
echocardiographic abnormalities. The high levels of cTnI were not associated 
with any specific echocardiographic abberation; it seemed to be higher in both 
patients with elevated ePAP, valve regurgitations and reduced 
LVEF/hypokinesia. In some patients they were elevated in the absence 
echocardiographic abnormalities. There could be several explanation for the 
elevated cTnI  seen in SSc patients:  

¥ Underlying heart disease in SSc patients such as PAH or cardiac failure. 
¥ Previous myocardial damage such as myocardial inflammation or 

ischemic heart disease. 
¥ Cytotoxic drugs such as cyclophosphamide are known to be toxic for the 

heart. In oncology, cTn are used to monitor cardiotoxic effects. 
Intrestingly in the study by Pieroni et al, 7 SSc patients with elevated 
cTnT had evidence of myocarditis on biopsy and the majority had an 
reduction of cTnI after treatment with cyclophosphamide 

¥ Other diseases infiltrating the heart, e.g  amyloidosis and sarcoidosis 
have elevated troponins.  
 

Our results imply that cTn is a new potential biomarker for the surveillance of 
heart involvement in SSc. It is however important to study cTn further in order 
to validate their role as possible biomarkers for SSc related cardiac disease. It is 
in particular essential to determine if they can discriminate between different 
types of cardiac involvement, if they have any prognostic implications and if 
treatment can influence the levels.   
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Microvascular versus macrovascular disease: 

Myocardial infarction, angina pectoris, stroke and peripheral arterial vascular 
diseases are described as typical macrovascular diseases. Our study highlights 
the close association between macro- and microvascular diseases.  

We found a higher frequency of both IHD and IPVD in SSc patients than 
controls and in SSc patients; especially IPVD was associated with a reduced 
capillary density. In ACA positive patients we also noticed that atherosclerosis is 
accelerated. These results are really intriguing. It has been reported in two 
studies that patients who are positive for ACA are more prone to have severe 
digital ulcers, which may lead to amputation.(247). Despite this fact most of the 
recent studies today favours that an increased risk of digital ulcers is present in 
SSc patients with ATA.  

Our results imply that the seldom-recognized macrovascular disease in the ACA 
positive group may cause or be an important contributor to digital ulcers.  
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8 CONCLUDING REMARKS AND FUTURE 
PERSPECTIVES: 

 

This thesis has focused on macro- and microvascular disease in systemic 
sclerosis. 

¥ Manifest ischemic arterial disease, engaging the heart and the peripheral 
vasculature is more common in SSc patients as compared to the general 
population. 

¥ The enhanced occurrence of ischemic vascular disease in SSc is essentially 
confined to the ACA + SSc subgroup, and this subgroup is also affected 
with accelerated atherosclerosis. 

¥ Conduction defects and arrhythmias are still as prevalent in SSc patients as 
they were 25 years ago. 

¥ Patients with SSc have elevated markers of cardiac damage, and this is 
associated with echocardiographic findings. 

¥ Patients with manifest ischemic arterial disease, especially peripher arterial 
disease, have an impaired microcirculation. 
 
  

Future perspectives 
 

All studies in this thesis are cross-sectional. This design has the limitation that 
we can only study survivors of CVD in SSc. We can thus not give truly reliable 
answers to what are the underlying causes for the high frequency of ischemic 
arterial events in SSc. For this purpose it is important to follow the patients 
longitudinally to see who will develop future macrovascular events. We are 
presently following our cohort prospectively for five years with collection of 
clinical data and blood samples. We hope that these ongoing studies will shed 
more light upon the underlying factors for IAE in patients with SSc. We are also 
going to compare SSc patients with matched SLE patients, a patient group 
known to have an exceptionally high risk for CVD. The objective of this study is 
to find differences and similarities between these two autoimmune diseases with 
regard to CVD risk factors and outcomes. 
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We also plan to study the impact of microparticles, platelets, type 1interferon, 
HLA-genotypes, phospholipid antibodies on both micro- and macrovascular 
disease in SSc:  



 

50 

9  ACKNOWLEDGEMENTS 
I could not have done this without the help of all my co-workers and friends. In specially I would 
like to thank: 

Elisabet Svenungsson, my main supervisor, for always being available to answer all my 
questions, for helping me understand the statistics and for proof-reading all my manuscripts. 
Thank you for sharing your experience both in clinical work and in research. In special, I´m 
grateful for you including me in the SLE-research group 

Lena Björnådal: my co-supervisor, for teaching me everything there is to now about systemic 
sclerosis, for being so enthusiastic and positive. Thank you for listening to me whenever I needed 
to talk, and for always remind me of what the important things in life are. 

Kerstin Jensen-Urstad: my second co-supervisor for always being positive and easy-going, for 
bringing me “down to earth” when my conclusions were to speculative, and for helping me to 
understand echocardiography. 

Lars Klareskog: my third co-supervisor, for always creating such a nice environment at the 
clinic for both preclinical and clinical researchers. 

Ingrid Lundberg: for always being so friendly, for your engagement in the medical students and 
your colleagues, and for making this thesis finally happen.   

Cecilia Carlens, current chief of the clinic, especially for helping me when I needed time to 
separate clinic from research and Johan Bratt, former chief for giving me the opportunity to start 
with this project. 

Iva Gunnarsson, for being a wonderful chief who always have time for discussion and create a 
good climate at the clinic. 

Per Larsson and Marika Kvarnström, my clinical supervisors, for helping me to finally 
become a rheumatologist an to share your great knowledge in patient work. 

Anders Larsson, for analysing the blood samples and for always having time to answer my 
question, no matter how basic. Kerstin Elvin for help with the analysis of autoantibodies. 

Susanne Pettersson, for taking care of the initiation of the study, designing a flow-chart for other 
nurses to follow. 

Elisabet and Birgitta Fogelfors for taking care of the patients during the study.Crista Karin Ve, 
Milete, Iliana and all you at D25 making it possible to comple the study.  

Brigitte Dupre- Jungnell, Kristina Albertsson, Ylva Rydvald, Göran Lindahl, Zsuzsanna 
Fabienne and Evangelia Roubi for help with finding and including the patients. 

 

 



 

 51 

All my collegues at the rheumatology unit, especially Petra for being such a nice friend, I miss 
you. Brigitte, for always being there to comfort me when work is stressful, and being such a 
colourful person. Maryam, for making schedule possible to combine with work and research, 
Ioannis for helping me with the students, Christina D for nice after-work meetings. Johanna for 
good discussions about clinic and research in the glass-room. Ola, Jon, Hamed, Erik, Tomas, 
Dimitrous, Nikitas Aikaterini, Vilija, Birgitta, Anders, Ronald, Lara, Anca, Per-Johan, 
Louise E, Saedis, Gudrun, Aune, Yvonne, Christoffer, Johan, Sofia A and E, Agneta, Inga-
Lill, Christina S and A. 

Bosse R for giving me such a nice examination. 

Eva for taking care of both my patients and me in such a nice way. 

Christina Ingermansson for always helping me get the papers right. 

All physiotherapeuts and occupational therapeuts making this study happen. Marilyn Meyer, 
who started this project are unfortunately not with us any more. Carina Bodström, Helene 
Alexandersson and all of you, thanks. 

 

 

Sist men inte minst vill jag tacka min familj. Saga och Selina mina tjejer, jag älskar er. Ni gör mig 
stolt varje dag. Utan er hade jag aldrig klarat det här. Magnus, som skötte markservicen när jag 
jobbade så hart. Alla mina vänner, ni vet vilka ni  är. Mamma och pappa, svärmor och svärfar. Vi 
ses på festen!!!!! 

 

 

 

 

 

 

 

 



 

52 

10 REFERENCES 
 

1. Wollheim FA. Classification of systemic sclerosis. Visions and 
reality. Rheumatology (Oxford). 2005 Oct;44(10):1212-6. PubMed PMID: 
15870151. 

2. Rodnan GP, Benedek TG. An historical account of the study of 
progressive systemic sclerosis (diffuse scleroderma). Ann Intern Med. 1962 
Aug;57:305-19. PubMed PMID: 14493141. Epub 1962/08/01. eng. 

3. Winterbauer RH. Multiple Telangiectasia, Raynaud's Phenomenon, 
Sclerodactyly, and Subcutanious Calcinosis: A Syndrome Mimicking Hereditary 
Hemorrhagic Telangiectasia. Bulletin of the Johns Hopkins Hospital. 1964 
Jun;114:361-83. PubMed PMID: 14171636. 

4. LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T, 
Medsger TA, Jr., et al. Scleroderma (systemic sclerosis): classification, subsets 
and pathogenesis. J Rheumatol. 1988 Feb;15(2):202-5. PubMed PMID: 
3361530. 

5. Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl J 
Med. 2009 May 7;360(19):1989-2003. PubMed PMID: 19420368. 

6. classification I. Available from: 
(http://apps.who.int/classifications/icd10/browse/2010/en). 

7. Preliminary criteria for the classification of systemic sclerosis 
(scleroderma). Subcommittee for scleroderma criteria of the American 
Rheumatism Association Diagnostic and Therapeutic Criteria Committee. 
Arthritis Rheum. 1980 May;23(5):581-90. PubMed PMID: 7378088. Epub 
1980/05/01. eng. 

8. LeRoy EC, Medsger TA, Jr. Criteria for the classification of early 
systemic sclerosis. J Rheumatol. 2001 Jul;28(7):1573-6. PubMed PMID: 
11469464. Epub 2001/07/27. eng. 

9. Walker JG, Pope J, Baron M, Leclercq S, Hudson M, Taillefer S, 
et al. The development of systemic sclerosis classification criteria. Clin 
Rheumatol. 2007 Sep;26(9):1401-9. PubMed PMID: 17285223. Epub 
2007/02/08. eng. 



 

 53 

10. Lonzetti LS, Joyal F, Raynauld JP, Roussin A, Goulet JR, Rich E, 
et al. Updating the American College of Rheumatology preliminary 
classification criteria for systemic sclerosis: addition of severe nailfold 
capillaroscopy abnormalities markedly increases the sensitivity for limited 
scleroderma. Arthritis Rheum. 2001 Mar;44(3):735-6. PubMed PMID: 
11263791. 

11. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, 
Tyndall A, et al. 2013 classification criteria for systemic sclerosis: an American 
College of Rheumatology/European League against Rheumatism collaborative 
initiative. Arthritis Rheum. 2013 Nov;65(11):2737-47. PubMed PMID: 
24122180. 

12. Barnes J, Mayes MD. Epidemiology of systemic sclerosis: 
incidence, prevalence, survival, risk factors, malignancy, and environmental 
triggers. Curr Opin Rheumatol. 2012 Mar;24(2):165-70. PubMed PMID: 
22269658. Epub 2012/01/25. eng. 

13. Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J. Incidence 
and prevalence of systemic sclerosis: a systematic literature review. Semin 
Arthritis Rheum. 2008 Feb;37(4):223-35. PubMed PMID: 17692364. 

14. Andreasson K, Saxne T, Bergknut C, Hesselstrand R, Englund M. 
Prevalence and incidence of systemic sclerosis in southern Sweden: population-
based data with case ascertainment using the 1980 ARA criteria and the 
proposed ACR-EULAR classification criteria. Ann Rheum Dis. 2013 Jul 29. 
PubMed PMID: 23897770. 

15. Dospinescu P, Jones GT, Basu N. Environmental risk factors in 
systemic sclerosis. Curr Opin Rheumatol. 2013 Mar;25(2):179-83. PubMed 
PMID: 23287382. 

16. Geirsson AJ, Steinsson K, Guthmundsson S, Sigurthsson V. 
Systemic sclerosis in Iceland. A nationwide epidemiological study. Ann Rheum 
Dis. 1994 Aug;53(8):502-5. PubMed PMID: 7944633. Pubmed Central PMCID: 
1005388. 

17. Hoffmann-Vold AM, Midtvedt O, Molberg O, Garen T, Gran JT. 
Prevalence of systemic sclerosis in south-east Norway. Rheumatology (Oxford). 
2012 Sep;51(9):1600-5. PubMed PMID: 22539477. 

18. Kaipiainen-Seppanen O, Aho K. Incidence of rare systemic 
rheumatic and connective tissue diseases in Finland. J Intern Med. 1996 
Aug;240(2):81-4. PubMed PMID: 8810933. 



 

54 

19. El Adssi H, Cirstea D, Virion JM, Guillemin F, de Korwin JD. 
Estimating the prevalence of systemic sclerosis in the Lorraine region, France, 
by the capture-recapture method. Semin Arthritis Rheum. 2013 Apr;42(5):530-8. 
PubMed PMID: 23290691. 

20. Alamanos Y, Tsifetaki N, Voulgari PV, Siozos C, Tsamandouraki 
K, Alexiou GA, et al. Epidemiology of systemic sclerosis in northwest Greece 
1981 to 2002. Semin Arthritis Rheum. 2005 Apr;34(5):714-20. PubMed PMID: 
15846586. 

21. Allcock RJ, Forrest I, Corris PA, Crook PR, Griffiths ID. A study 
of the prevalence of systemic sclerosis in northeast England. Rheumatology 
(Oxford). 2004 May;43(5):596-602. PubMed PMID: 14872101. 

22. Lo Monaco A, Bruschi M, La Corte R, Volpinari S, Trotta F. 
Epidemiology of systemic sclerosis in a district of northern Italy. Clin Exp 
Rheumatol. 2011 Mar-Apr;29(2 Suppl 65):S10-4. PubMed PMID: 21586212. 

23. Arias-Nunez MC, Llorca J, Vazquez-Rodriguez TR, Gomez-
Acebo I, Miranda-Filloy JA, Martin J, et al. Systemic sclerosis in northwestern 
Spain: a 19-year epidemiologic study. Medicine (Baltimore). 2008 
Sep;87(5):272-80. PubMed PMID: 18794710. 

24. Gilbane AJ, Denton CP, Holmes AM. Scleroderma pathogenesis: a 
pivotal role for fibroblasts as effector cells. Arthritis Res Ther. 2013 Jun 
17;15(3):215. PubMed PMID: 23796020. 

25. Young-Min SA, Beeton C, Laughton R, Plumpton T, Bartram S, 
Murphy G, et al. Serum TIMP-1, TIMP-2, and MMP-1 in patients with systemic 
sclerosis, primary Raynaud's phenomenon, and in normal controls. Ann Rheum 
Dis. 2001 Sep;60(9):846-51. PubMed PMID: 11502611. Pubmed Central 
PMCID: 1753839. Epub 2001/08/15. eng. 

26. Meng C, Chen X, Li J, Wu Y, Liu H. Expression of MMP-9 and 
TIMP-1 in lesions of systemic sclerosis and its implications. Journal of 
Huazhong University of Science and Technology Medical sciences = Hua zhong 
ke ji da xue xue bao Yi xue Ying De wen ban = Huazhong keji daxue xuebao 
Yixue Yingdewen ban. 2008 Aug;28(4):480-2. PubMed PMID: 18704317. 

27. Hinz B, Phan SH, Thannickal VJ, Prunotto M, Desmouliere A, 
Varga J, et al. Recent developments in myofibroblast biology: paradigms for 
connective tissue remodeling. Am J Pathol. 2012 Apr;180(4):1340-55. PubMed 
PMID: 22387320. Pubmed Central PMCID: 3640252. 



 

 55 

28. Kis K, Liu X, Hagood JS. Myofibroblast differentiation and 
survival in fibrotic disease. Expert reviews in molecular medicine. 2011;13:e27. 
PubMed PMID: 21861939. 

29. LeRoy EC. Increased collagen synthesis by scleroderma skin 
fibroblasts in vitro: a possible defect in the regulation or activation of the 
scleroderma fibroblast. J Clin Invest. 1974 Oct;54(4):880-9. PubMed PMID: 
4430718. Pubmed Central PMCID: 301627. 

30. Derk CT. Transforming growth factor-beta (TGF-beta) and its role 
in the pathogenesis of systemic sclerosis: a novel target for therapy? Recent Pat 
Inflamm Allergy Drug Discov. 2007 Jun;1(2):142-5. PubMed PMID: 19075976. 
Epub 2007/01/01. eng. 

31. Varga JA, Trojanowska M. Fibrosis in systemic sclerosis. Rheum 
Dis Clin North Am. 2008 Feb;34(1):115-43; vii. PubMed PMID: 18329536. 

32. Matucci-Cerinic M, Kahaleh B, Wigley FM. Review: evidence that 
systemic sclerosis is a vascular disease. Arthritis Rheum. 2013 Aug;65(8):1953-
62. PubMed PMID: 23666787. 

33. Guiducci S, Distler O, Distler JH, Matucci-Cerinic M. 
Mechanisms of vascular damage in SSc--implications for vascular treatment 
strategies. Rheumatology (Oxford). 2008 Oct;47 Suppl 5:v18-20. PubMed 
PMID: 18784130. 

34. Choi JJ, Min DJ, Cho ML, Min SY, Kim SJ, Lee SS, et al. 
Elevated vascular endothelial growth factor in systemic sclerosis. J Rheumatol. 
2003 Jul;30(7):1529-33. PubMed PMID: 12858453. 

35. Distler O, Distler JH, Scheid A, Acker T, Hirth A, Rethage J, et al. 
Uncontrolled expression of vascular endothelial growth factor and its receptors 
leads to insufficient skin angiogenesis in patients with systemic sclerosis. Circ 
Res. 2004 Jul 9;95(1):109-16. PubMed PMID: 15178641. 

36. Mackiewicz Z, Sukura A, Povilenaite D, Ceponis A, Virtanen I, 
Hukkanen M, et al. Increased but imbalanced expression of VEGF and its 
receptors has no positive effect on angiogenesis in systemic sclerosis skin. Clin 
Exp Rheumatol. 2002 Sep-Oct;20(5):641-6. PubMed PMID: 12412194. 

37. Maurer B, Distler A, Suliman YA, Gay RE, Michel BA, Gay S, et 
al. Vascular endothelial growth factor aggravates fibrosis and vasculopathy in 
experimental models of systemic sclerosis. Ann Rheum Dis. 2013 Aug 5. 
PubMed PMID: 23918036. 



 

56 

38. Manetti M, Guiducci S, Romano E, Ceccarelli C, Bellando-
Randone S, Conforti ML, et al. Overexpression of VEGF165b, an inhibitory 
splice variant of vascular endothelial growth factor, leads to insufficient 
angiogenesis in patients with systemic sclerosis. Circ Res. 2011 Jul 
22;109(3):e14-26. PubMed PMID: 21636803. 

39. Nevskaya T, Bykovskaia S, Lyssuk E, Shakhov I, Zaprjagaeva M, 
Mach E, et al. Circulating endothelial progenitor cells in systemic sclerosis: 
relation to impaired angiogenesis and cardiovascular manifestations. Clin Exp 
Rheumatol. 2008 May-Jun;26(3):421-9. PubMed PMID: 18578963. 

40. Avouac J, Meune C, Ruiz B, Couraud PO, Uzan G, Boileau C, et 
al. Angiogenic biomarkers predict the occurrence of digital ulcers in systemic 
sclerosis. Ann Rheum Dis. 2012 Mar;71(3):394-9. PubMed PMID: 22085793. 

41. Avouac J, Vallucci M, Smith V, Senet P, Ruiz B, Sulli A, et al. 
Correlations between angiogenic factors and capillaroscopic patterns in systemic 
sclerosis. Arthritis Res Ther. 2013 Apr 19;15(2):R55. PubMed PMID: 
23601622. 

42. Herrick AL, Illingworth K, Blann A, Hay CR, Hollis S, Jayson MI. 
Von Willebrand factor, thrombomodulin, thromboxane, beta-thromboglobulin 
and markers of fibrinolysis in primary Raynaud's phenomenon and systemic 
sclerosis. Ann Rheum Dis. 1996 Feb;55(2):122-7. PubMed PMID: 8712862. 
Pubmed Central PMCID: 1010106. 

43. Konttinen YT, Mackiewicz Z, Ruuttila P, Ceponis A, Sukura A, 
Povilenaite D, et al. Vascular damage and lack of angiogenesis in systemic 
sclerosis skin. Clin Rheumatol. 2003 Sep;22(3):196-202. PubMed PMID: 
14505210. 

44. Baraut J, Farge D, Jean-Louis F, Kesmandt H, Durant C, 
Verrecchia F, et al. [Cytokines in systemic sclerosis]. Pathologie-biologie. 2012 
Apr;60(2):127-39. PubMed PMID: 20116938. Les cytokines dans la 
sclerodermie systemique. 

45. Sato S, Hasegawa M, Takehara K. Serum levels of interleukin-6 
and interleukin-10 correlate with total skin thickness score in patients with 
systemic sclerosis. Journal of dermatological science. 2001 Oct;27(2):140-6. 
PubMed PMID: 11532378. 

46. Muangchan C, Harding S, Khimdas S, Bonner A, Canadian 
Scleroderma Research g, Baron M, et al. Association of C-reactive protein with 
high disease activity in systemic sclerosis: results from the Canadian 



 

 57 

Scleroderma Research Group. Arthritis Care Res (Hoboken). 2012 
Sep;64(9):1405-14. PubMed PMID: 22556030. 

47. Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis 
Rheum. 2005 Aug;35(1):35-42. PubMed PMID: 16084222. 

48. Senecal JL, Henault J, Raymond Y. The pathogenic role of 
autoantibodies to nuclear autoantigens in systemic sclerosis (scleroderma). J 
Rheumatol. 2005 Sep;32(9):1643-9. PubMed PMID: 16142854. 

49. Mehra S, Walker J, Patterson K, Fritzler MJ. Autoantibodies in 
systemic sclerosis. Autoimmun Rev. 2013 Jan;12(3):340-54. PubMed PMID: 
22743034. 

50. Graf SW, Hakendorf P, Lester S, Patterson K, Walker JG, Smith 
MD, et al. South Australian Scleroderma Register: autoantibodies as predictive 
biomarkers of phenotype and outcome. International journal of rheumatic 
diseases. 2012 Feb;15(1):102-9. PubMed PMID: 22324953. 

51. Mierau R, Moinzadeh P, Riemekasten G, Melchers I, Meurer M, 
Reichenberger F, et al. Frequency of disease-associated and other nuclear 
autoantibodies in patients of the German Network for Systemic Scleroderma: 
correlation with characteristic clinical features. Arthritis Res Ther. 
2011;13(5):R172. PubMed PMID: 22018289. Pubmed Central PMCID: 
3308107. 

52. Walker UA, Tyndall A, Czirjak L, Denton C, Farge-Bancel D, 
Kowal-Bielecka O, et al. Clinical risk assessment of organ manifestations in 
systemic sclerosis: a report from the EULAR Scleroderma Trials And Research 
group database. Ann Rheum Dis. 2007 Jun;66(6):754-63. PubMed PMID: 
17234652. Pubmed Central PMCID: 1954657. Epub 2007/01/20. eng. 

53. Ferri C, Valentini G, Cozzi F, Sebastiani M, Michelassi C, La 
Montagna G, et al. Systemic sclerosis: demographic, clinical, and serologic 
features and survival in 1,012 Italian patients. Medicine (Baltimore). 2002 
Mar;81(2):139-53. PubMed PMID: 11889413. Epub 2002/03/13. eng. 

54. Hesselstrand R, Scheja A, Shen GQ, Wiik A, Akesson A. The 
association of antinuclear antibodies with organ involvement and survival in 
systemic sclerosis. Rheumatology (Oxford). 2003 Apr;42(4):534-40. PubMed 
PMID: 12649400. Epub 2003/03/22. eng. 



 

58 

55. Okano Y, Steen VD, Medsger TA, Jr. Autoantibody reactive with 
RNA polymerase III in systemic sclerosis. Ann Intern Med. 1993 Nov 
15;119(10):1005-13. PubMed PMID: 8214977. 

56. Meyer O, De Chaisemartin L, Nicaise-Roland P, Cabane J, Tubach 
F, Dieude P, et al. Anti-RNA polymerase III antibody prevalence and associated 
clinical manifestations in a large series of French patients with systemic 
sclerosis: a cross-sectional study. J Rheumatol. 2010 Jan;37(1):125-30. PubMed 
PMID: 19918031. 

57. Muangchan C, Canadian Scleroderma Research G, Baron M, Pope 
J. The 15% rule in scleroderma: the frequency of severe organ complications in 
systemic sclerosis. A systematic review. J Rheumatol. 2013 Sep;40(9):1545-56. 
PubMed PMID: 23858045. 

58. Nikpour M, Baron M. Mortality in systemic sclerosis: lessons 
learned from population-based and observational cohort studies. Curr Opin 
Rheumatol. 2014 Mar;26(2):131-7. PubMed PMID: 24441644. 

59. Kowal-Bielecka O, Landewe R, Avouac J, Chwiesko S, Miniati I, 
Czirjak L, et al. EULAR recommendations for the treatment of systemic 
sclerosis: a report from the EULAR Scleroderma Trials and Research group 
(EUSTAR). Ann Rheum Dis. 2009 May;68(5):620-8. PubMed PMID: 
19147617. Epub 2009/01/17. eng. 

60. DeMarco PJ, Weisman MH, Seibold JR, Furst DE, Wong WK, 
Hurwitz EL, et al. Predictors and outcomes of scleroderma renal crisis: the high-
dose versus low-dose D-penicillamine in early diffuse systemic sclerosis trial. 
Arthritis Rheum. 2002 Nov;46(11):2983-9. PubMed PMID: 12428241. Epub 
2002/11/13. eng. 

61. . Available from: 
http://www.socialstyrelsen.se/publikationer2013/2013-8-6. 

62. Strong JP, Malcom GT, McMahan CA, Tracy RE, Newman WP, 
3rd, Herderick EE, et al. Prevalence and extent of atherosclerosis in adolescents 
and young adults: implications for prevention from the Pathobiological 
Determinants of Atherosclerosis in Youth Study. JAMA. 1999 Feb 
24;281(8):727-35. PubMed PMID: 10052443. 

63. Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis 
GJ. Compensatory enlargement of human atherosclerotic coronary arteries. N 
Engl J Med. 1987 May 28;316(22):1371-5. PubMed PMID: 3574413. 



 

 59 

64. Aikawa M, Libby P. The vulnerable atherosclerotic plaque: 
pathogenesis and therapeutic approach. Cardiovasc Pathol. 2004 May-
Jun;13(3):125-38. PubMed PMID: 15081469. 

65. Hansson GK. Inflammation, atherosclerosis, and coronary artery 
disease. N Engl J Med. 2005 Apr 21;352(16):1685-95. PubMed PMID: 
15843671. 

66. Witztum JL. The oxidation hypothesis of atherosclerosis. Lancet. 
1994 Sep 17;344(8925):793-5. PubMed PMID: 7916078. 

67. Skalen K, Gustafsson M, Rydberg EK, Hulten LM, Wiklund O, 
Innerarity TL, et al. Subendothelial retention of atherogenic lipoproteins in early 
atherosclerosis. Nature. 2002 Jun 13;417(6890):750-4. PubMed PMID: 
12066187. 

68. Leitinger N. Oxidized phospholipids as modulators of 
inflammation in atherosclerosis. Curr Opin Lipidol. 2003 Oct;14(5):421-30. 
PubMed PMID: 14501580. 

69. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, 
et al. Use of carotid ultrasound to identify subclinical vascular disease and 
evaluate cardiovascular disease risk: a consensus statement from the American 
Society of Echocardiography Carotid Intima-Media Thickness Task Force. 
Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr. 2008 
Feb;21(2):93-111; quiz 89-90. PubMed PMID: 18261694. 

70. Amato M, Montorsi P, Ravani A, Oldani E, Galli S, Ravagnani 
PM, et al. Carotid intima-media thickness by B-mode ultrasound as surrogate of 
coronary atherosclerosis: correlation with quantitative coronary angiography and 
coronary intravascular ultrasound findings. Eur Heart J. 2007 Sep;28(17):2094-
101. PubMed PMID: 17597051. 

71. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. 
Prediction of clinical cardiovascular events with carotid intima-media thickness: 
a systematic review and meta-analysis. Circulation. 2007 Jan 30;115(4):459-67. 
PubMed PMID: 17242284. 

72. Johnsen SH, Mathiesen EB. Carotid plaque compared with intima-
media thickness as a predictor of coronary and cerebrovascular disease. Current 
cardiology reports. 2009 Jan;11(1):21-7. PubMed PMID: 19091171. 

73. Xu D, Zou L, Xing Y, Hou L, Wei Y, Zhang J, et al. Diagnostic 
value of ankle-brachial index in peripheral arterial disease: a meta-analysis. The 



 

60 

Canadian journal of cardiology. 2013 Apr;29(4):492-8. PubMed PMID: 
22926041. 

74. Ankle Brachial Index C, Fowkes FG, Murray GD, Butcher I, 
Heald CL, Lee RJ, et al. Ankle brachial index combined with Framingham Risk 
Score to predict cardiovascular events and mortality: a meta-analysis. JAMA. 
2008 Jul 9;300(2):197-208. PubMed PMID: 18612117. Pubmed Central 
PMCID: 2932628. 

75. Price JF, Stewart MC, Douglas AF, Murray GD, Fowkes GF. 
Frequency of a low ankle brachial index in the general population by age, sex 
and deprivation: cross-sectional survey of 28,980 men and women. Eur J 
Cardiovasc Prev Rehabil. 2008 Jun;15(3):370-5. PubMed PMID: 18525397. 

76. Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones 
KL, Fabsitz RR, et al. Relationship of high and low ankle brachial index to all-
cause and cardiovascular disease mortality: the Strong Heart Study. Circulation. 
2004 Feb 17;109(6):733-9. PubMed PMID: 14970108. 

77. Liao J, Farmer J. Arterial stiffness as a risk factor for coronary 
artery disease. Current atherosclerosis reports. 2014 Feb;16(2):387. PubMed 
PMID: 24402301. 

78. Kondos GT, Hoff JA, Sevrukov A, Daviglus ML, Garside DB, 
Devries SS, et al. Electron-beam tomography coronary artery calcium and 
cardiac events: a 37-month follow-up of 5635 initially asymptomatic low- to 
intermediate-risk adults. Circulation. 2003 May 27;107(20):2571-6. PubMed 
PMID: 12743005. 

79. Sitia S, Tomasoni L, Atzeni F, Ambrosio G, Cordiano C, Catapano 
A, et al. From endothelial dysfunction to atherosclerosis. Autoimmun Rev. 2010 
Oct;9(12):830-4. PubMed PMID: 20678595. 

80. Rajendran P, Rengarajan T, Thangavel J, Nishigaki Y, 
Sakthisekaran D, Sethi G, et al. The vascular endothelium and human diseases. 
International journal of biological sciences. 2013;9(10):1057-69. PubMed 
PMID: 24250251. Pubmed Central PMCID: 3831119. 

81. Luc G, Arveiler D, Evans A, Amouyel P, Ferrieres J, Bard JM, et 
al. Circulating soluble adhesion molecules ICAM-1 and VCAM-1 and incident 
coronary heart disease: the PRIME Study. Atherosclerosis. 2003 
Sep;170(1):169-76. PubMed PMID: 12957696. 



 

 61 

82. De Caterina R, Basta G, Lazzerini G, Dell'Omo G, Petrucci R, 
Morale M, et al. Soluble vascular cell adhesion molecule-1 as a biohumoral 
correlate of atherosclerosis. Arterioscler Thromb Vasc Biol. 1997 
Nov;17(11):2646-54. PubMed PMID: 9409238. 

83. Svenungsson E, Cederholm A, Jensen-Urstad K, Fei GZ, de Faire 
U, Frostegard J. Endothelial function and markers of endothelial activation in 
relation to cardiovascular disease in systemic lupus erythematosus. Scand J 
Rheumatol. 2008 Sep-Oct;37(5):352-9. PubMed PMID: 18666029. Epub 
2008/07/31. eng. 

84. Gustafsson JT, Simard JF, Gunnarsson I, Elvin K, Lundberg IE, 
Hansson LO, et al. Risk factors for cardiovascular mortality in patients with 
systemic lupus erythematosus, a prospective cohort study. Arthritis Res Ther. 
2012;14(2):R46. PubMed PMID: 22390680. 

85. Wiman B, Andersson T, Hallqvist J, Reuterwall C, Ahlbom A, 
deFaire U. Plasma levels of tissue plasminogen activator/plasminogen activator 
inhibitor-1 complex and von Willebrand factor are significant risk markers for 
recurrent myocardial infarction in the Stockholm Heart Epidemiology Program 
(SHEEP) study. Arterioscler Thromb Vasc Biol. 2000 Aug;20(8):2019-23. 
PubMed PMID: 10938026. 

86. Qizilbash N, Duffy S, Prentice CR, Boothby M, Warlow C. Von 
Willebrand factor and risk of ischemic stroke. Neurology. 1997 Dec;49(6):1552-
6. PubMed PMID: 9409345. 

87. Smith FB, Lowe GD, Lee AJ, Rumley A, Leng GC, Fowkes FG. 
Smoking, hemorheologic factors, and progression of peripheral arterial disease 
in patients with claudication. J Vasc Surg. 1998 Jul;28(1):129-35. PubMed 
PMID: 9685139. 

88. Inoue M, Itoh H, Ueda M, Naruko T, Kojima A, Komatsu R, et al. 
Vascular endothelial growth factor (VEGF) expression in human coronary 
atherosclerotic lesions: possible pathophysiological significance of VEGF in 
progression of atherosclerosis. Circulation. 1998 Nov 17;98(20):2108-16. 
PubMed PMID: 9815864. 

89. Alber HF, Frick M, Dulak J, Dorler J, Zwick RH, Dichtl W, et al. 
Vascular endothelial growth factor (VEGF) plasma concentrations in coronary 
artery disease. Heart. 2005 Mar;91(3):365-6. PubMed PMID: 15710722. 
Pubmed Central PMCID: 1768779. 



 

62 

90. Flammer AJ, Anderson T, Celermajer DS, Creager MA, Deanfield 
J, Ganz P, et al. The assessment of endothelial function: from research into 
clinical practice. Circulation. 2012 Aug 7;126(6):753-67. PubMed PMID: 
22869857. Pubmed Central PMCID: 3427943. 

91. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller 
OI, Sullivan ID, et al. Non-invasive detection of endothelial dysfunction in 
children and adults at risk of atherosclerosis. Lancet. 1992 Nov 
7;340(8828):1111-5. PubMed PMID: 1359209. 

92. Ghiadoni L, Mosca M, Tani C, Virdis A, Taddei S, Bombardieri S. 
Clinical and methodological aspects of endothelial function in patients with 
systemic autoimmune diseases. Clin Exp Rheumatol. 2008 Jul-Aug;26(4):680-7. 
PubMed PMID: 18799106. 

93. Roustit M, Cracowski JL. Assessment of endothelial and 
neurovascular function in human skin microcirculation. Trends in 
pharmacological sciences. 2013 Jul;34(7):373-84. PubMed PMID: 23791036. 

94. Charkoudian N. Skin blood flow in adult human thermoregulation: 
how it works, when it does not, and why. Mayo Clinic proceedings. 2003 
May;78(5):603-12. PubMed PMID: 12744548. 

95. De Backer D, Orbegozo Cortes D, Donadello K, Vincent JL. 
Pathophysiology of microcirculatory dysfunction and the pathogenesis of septic 
shock. Virulence. 2014 Jan 1;5(1):73-9. PubMed PMID: 24067428. Pubmed 
Central PMCID: 3916386. 

96. Jorneskog G, Kalani M, Kuhl J, Bavenholm P, Katz A, Allerstrand 
G, et al. Early microvascular dysfunction in healthy normal-weight males with 
heredity for type 2 diabetes. Diabetes Care. 2005 Jun;28(6):1495-7. PubMed 
PMID: 15920077. 

97. Jorneskog G. Why critical limb ischemia criteria are not applicable 
to diabetic foot and what the consequences are. Scandinavian journal of surgery : 
SJS : official organ for the Finnish Surgical Society and the Scandinavian 
Surgical Society. 2012;101(2):114-8. PubMed PMID: 22623444. 

98. Crea F, Camici PG, Bairey Merz CN. Coronary microvascular 
dysfunction: an update. Eur Heart J. 2013 Dec 23. PubMed PMID: 24366916. 

99. Cutolo M, Sulli A, Pizzorni C, Accardo S. Nailfold 
videocapillaroscopy assessment of microvascular damage in systemic sclerosis. J 
Rheumatol. 2000 Jan;27(1):155-60. PubMed PMID: 10648032. 



 

 63 

100. Cannon RO, 3rd. Causes of chest pain in patients with normal 
coronary angiograms: the eye of the beholder. Am J Cardiol. 1988 Aug 
1;62(4):306-8. PubMed PMID: 3400608. 

101. Cutolo M, Smith V. State of the art on nailfold capillaroscopy: a 
reliable diagnostic tool and putative biomarker in rheumatology? Rheumatology 
(Oxford). 2013 Nov;52(11):1933-40. PubMed PMID: 23620555. 

102. De Backer D, Ospina-Tascon G, Salgado D, Favory R, Creteur J, 
Vincent JL. Monitoring the microcirculation in the critically ill patient: current 
methods and future approaches. Intensive care medicine. 2010 Nov;36(11):1813-
25. PubMed PMID: 20689916. 

103. Biernacka A, Frangogiannis NG. Aging and Cardiac Fibrosis. 
Aging and disease. 2011 Apr;2(2):158-73. PubMed PMID: 21837283. Pubmed 
Central PMCID: 3153299. 

104. Dannenberg AL, Levy D, Garrison RJ. Impact of age on 
echocardiographic left ventricular mass in a healthy population (the Framingham 
Study). Am J Cardiol. 1989 Nov 1;64(16):1066-8. PubMed PMID: 2530879. 

105. Rivera-Ruiz M, Cajavilca C, Varon J. Einthoven's string 
galvanometer: the first electrocardiograph. Tex Heart Inst J. 2008;35(2):174-8. 
PubMed PMID: 18612490. Pubmed Central PMCID: 2435435. 

106. Zimetbaum P, Goldman A. Ambulatory arrhythmia monitoring: 
choosing the right device. Circulation. 2010 Oct 19;122(16):1629-36. PubMed 
PMID: 20956237. 

107. A. O. Ekocardiografi2010. 

108. Jensen-Urstad K, Bouvier F, Hojer J, Ruiz H, Hulting J, Samad B, 
et al. Comparison of different echocardiographic methods with radionuclide 
imaging for measuring left ventricular ejection fraction during acute myocardial 
infarction treated by thrombolytic therapy. Am J Cardiol. 1998 Mar 1;81(5):538-
44. PubMed PMID: 9514446. Epub 1998/03/26. eng. 

109. Humbert M, Yaici A, de Groote P, Montani D, Sitbon O, Launay 
D, et al. Screening for pulmonary arterial hypertension in patients with systemic 
sclerosis: clinical characteristics at diagnosis and long-term survival. Arthritis 
Rheum. 2011 Nov;63(11):3522-30. PubMed PMID: 21769843. 

110. de Lemos JA. Increasingly sensitive assays for cardiac troponins: a 
review. JAMA. 2013 Jun 5;309(21):2262-9. PubMed PMID: 23736735. 



 

64 

111. Li D, Jialal I, Keffer J. Greater frequency of increased cardiac 
troponin T than increased cardiac troponin I in patients with chronic renal 
failure. Clinical chemistry. 1996 Jan;42(1):114-5. PubMed PMID: 8565211. 

112. Aggarwal R, Lebiedz-Odrobina D, Sinha A, Manadan A, Case JP. 
Serum cardiac troponin T, but not troponin I, is elevated in idiopathic 
inflammatory myopathies. J Rheumatol. 2009 Dec;36(12):2711-4. PubMed 
PMID: 19833747. 

113. Apple FS, Ler R, Murakami MM. Determination of 19 cardiac 
troponin I and T assay 99th percentile values from a common presumably 
healthy population. Clinical chemistry. 2012 Nov;58(11):1574-81. PubMed 
PMID: 22983113. 

114. Newby LK, Jesse RL, Babb JD, Christenson RH, De Fer TM, 
Diamond GA, et al. ACCF 2012 expert consensus document on practical clinical 
considerations in the interpretation of troponin elevations: a report of the 
American College of Cardiology Foundation task force on Clinical Expert 
Consensus Documents. J Am Coll Cardiol. 2012 Dec 11;60(23):2427-63. 
PubMed PMID: 23154053. 

115. Eggers KM, Lind L, Venge P, Lindahl B. Factors influencing the 
99th percentile of cardiac troponin I evaluated in community-dwelling 
individuals at 70 and 75 years of age. Clinical chemistry. 2013 Jul;59(7):1068-
73. PubMed PMID: 23462029. 

116. Eggers KM, Venge P, Lindahl B, Lind L. Cardiac troponin I levels 
measured with a high-sensitive assay increase over time and are strong 
predictors of mortality in an elderly population. J Am Coll Cardiol. 2013 May 
7;61(18):1906-13. PubMed PMID: 23500239. 

117. Panagopoulou V, Deftereos S, Kossyvakis C, Raisakis K, 
Giannopoulos G, Bouras G, et al. NTproBNP: an important biomarker in cardiac 
diseases. Current topics in medicinal chemistry. 2013;13(2):82-94. PubMed 
PMID: 23470072. 

118. Mukerjee D, Yap LB, Holmes AM, Nair D, Ayrton P, Black CM, 
et al. Significance of plasma N-terminal pro-brain natriuretic peptide in patients 
with systemic sclerosis-related pulmonary arterial hypertension. Respir Med. 
2003 Nov;97(11):1230-6. PubMed PMID: 14635979. 

119. Allanore Y, Borderie D, Meune C, Cabanes L, Weber S, Ekindjian 
OG, et al. N-terminal pro-brain natriuretic peptide as a diagnostic marker of 
early pulmonary artery hypertension in patients with systemic sclerosis and 



 

 65 

effects of calcium-channel blockers. Arthritis Rheum. 2003 Dec;48(12):3503-8. 
PubMed PMID: 14674001. 

120. Thakkar V, Stevens W, Prior D, Youssef P, Liew D, Gabbay E, et 
al. The inclusion of N-terminal pro-brain natriuretic peptide in a sensitive 
screening strategy for systemic sclerosis-related pulmonary arterial hypertension: 
a cohort study. Arthritis Res Ther. 2013;15(6):R193. PubMed PMID: 24246100. 

121. Hesselstrand R, Wildt M, Ekmehag B, Wuttge DM, Scheja A. 
Survival in patients with pulmonary arterial hypertension associated with 
systemic sclerosis from a Swedish single centre: prognosis still poor and 
prediction difficult. Scand J Rheumatol. 2011 Mar;40(2):127-32. PubMed 
PMID: 20858146. 

122. Kanellis J, Kang DH. Uric acid as a mediator of endothelial 
dysfunction, inflammation, and vascular disease. Seminars in nephrology. 2005 
Jan;25(1):39-42. PubMed PMID: 15660333. 

123. Strasak A, Ruttmann E, Brant L, Kelleher C, Klenk J, Concin H, et 
al. Serum uric acid and risk of cardiovascular mortality: a prospective long-term 
study of 83,683 Austrian men. Clinical chemistry. 2008 Feb;54(2):273-84. 
PubMed PMID: 18039719. 

124. Strasak AM, Kelleher CC, Brant LJ, Rapp K, Ruttmann E, Concin 
H, et al. Serum uric acid is an independent predictor for all major forms of 
cardiovascular death in 28,613 elderly women: a prospective 21-year follow-up 
study. Int J Cardiol. 2008 Apr 10;125(2):232-9. PubMed PMID: 18237790. 

125. Patetsios P, Song M, Shutze WP, Pappas C, Rodino W, Ramirez 
JA, et al. Identification of uric acid and xanthine oxidase in atherosclerotic 
plaque. Am J Cardiol. 2001 Jul 15;88(2):188-91, A6. PubMed PMID: 11448423. 

126. Zharikov SI, Swenson ER, Lanaspa M, Block ER, Patel JM, 
Johnson RJ. Could uric acid be a modifiable risk factor in subjects with 
pulmonary hypertension? Medical hypotheses. 2010 Jun;74(6):1069-74. PubMed 
PMID: 20064695. Pubmed Central PMCID: 2854831. 

127. Njaman W, Iesaki T, Iwama Y, Takasaki Y, Daida H. Serum uric 
Acid as a prognostic predictor in pulmonary arterial hypertension with 
connective tissue disease. International heart journal. 2007 Jul;48(4):523-32. 
PubMed PMID: 17827824. 

128. Hojs R, Bevc S, Ekart R, Gorenjak M, Puklavec L. Serum cystatin 
C as an endogenous marker of renal function in patients with mild to moderate 



 

66 

impairment of kidney function. Nephrol Dial Transplant. 2006 Jul;21(7):1855-
62. PubMed PMID: 16524933. 

129. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman 
AB, et al. Cystatin C and the risk of death and cardiovascular events among 
elderly persons. N Engl J Med. 2005 May 19;352(20):2049-60. PubMed PMID: 
15901858. 

130. Kannel WB, Castelli WP, Gordon T, McNamara PM. Serum 
cholesterol, lipoproteins, and the risk of coronary heart disease. The Framingham 
study. Ann Intern Med. 1971 Jan;74(1):1-12. PubMed PMID: 5539274. 

131. Borba EF, Borges CT, Bonfa E. Lipoprotein profile in limited 
systemic sclerosis. Rheumatol Int. 2005 Jun;25(5):379-83. PubMed PMID: 
15700114. 

132. Bruckdorfer KR, Hillary JB, Bunce T, Vancheeswaran R, Black 
CM. Increased susceptibility to oxidation of low-density lipoproteins isolated 
from patients with systemic sclerosis. Arthritis Rheum. 1995 Aug;38(8):1060-7. 
PubMed PMID: 7639801. 

133. Lippi G, Caramaschi P, Montagnana M, Salvagno GL, Volpe A, 
Guidi G. Lipoprotein[a] and the lipid profile in patients with systemic sclerosis. 
Clin Chim Acta. 2006 Feb;364(1-2):345-8. PubMed PMID: 16111666. 

134. Champion HC. The heart in scleroderma. Rheum Dis Clin North 
Am. 2008 Feb;34(1):181-90; viii. PubMed PMID: 18329539. Pubmed Central 
PMCID: 2361099. 

135. Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F, Carreira PE, et 
al. Causes and risk factors for death in systemic sclerosis: a study from the 
EULAR Scleroderma Trials and Research (EUSTAR) database. Ann Rheum 
Dis. 2010 Oct;69(10):1809-15. PubMed PMID: 20551155. 

136. Kahan A, Allanore Y. Primary myocardial involvement in 
systemic sclerosis. Rheumatology (Oxford). 2006 Oct;45 Suppl 4:iv14-7. 
PubMed PMID: 16980717. Epub 2006/09/19. eng. 

137. D'Angelo WA, Fries JF, Masi AT, Shulman LE. Pathologic 
observations in systemic sclerosis (scleroderma). A study of fifty-eight autopsy 
cases and fifty-eight matched controls. Am J Med. 1969 Mar;46(3):428-40. 
PubMed PMID: 5780367. Epub 1969/03/01. eng. 

138. Bulkley BH, Ridolfi RL, Salyer WR, Hutchins GM. Myocardial 
lesions of progressive systemic sclerosis. A cause of cardiac dysfunction. 



 

 67 

Circulation. 1976 Mar;53(3):483-90. PubMed PMID: 1248080. Epub 
1976/03/01. eng. 

139. James TN. De subitaneis mortibus. VIII. Coronary arteries and 
conduction system in scleroderma heart disease. Circulation. 1974 
Oct;50(4):844-56. PubMed PMID: 4425013. 

140. Gustafsson R, Mannting F, Kazzam E, Waldenstrom A, Hallgren 
R. Cold-induced reversible myocardial ischaemia in systemic sclerosis. Lancet. 
1989 Aug 26;2(8661):475-9. PubMed PMID: 2570187. Epub 1989/08/26. eng. 

141. Lekakis J, Mavrikakis M, Emmanuel M, Prassopoulos V, 
Papazoglou S, Papamichael C, et al. Cold-induced coronary Raynaud's 
phenomenon in patients with systemic sclerosis. Clin Exp Rheumatol. 1998 Mar-
Apr;16(2):135-40. PubMed PMID: 9536388. Epub 1998/04/16. eng. 

142. Dinser R, Frerix M, Meier FM, Klingel K, Rolf A. Endocardial 
and myocardial involvement in systemic sclerosis--is there a relevant 
inflammatory component? Joint Bone Spine. 2013 May;80(3):320-3. PubMed 
PMID: 23238003. 

143. Pieroni M, De Santis M, Zizzo G, Bosello S, Smaldone C, 
Campioni M, et al. Recognizing and treating myocarditis in recent-onset 
systemic sclerosis heart disease: Potential utility of immunosuppressive therapy 
in cardiac damage progression. Semin Arthritis Rheum. 2014 Feb;43(4):526-35. 
PubMed PMID: 23932313. 

144. Overbeek MJ, Mouchaers KT, Niessen HM, Hadi AM, 
Kupreishvili K, Boonstra A, et al. Characteristics of interstitial fibrosis and 
inflammatory cell infiltration in right ventricles of systemic sclerosis-associated 
pulmonary arterial hypertension. International journal of rheumatology. 
2010;2010. PubMed PMID: 20936074. Pubmed Central PMCID: 2949592. 

145. Kerr LD, Spiera H. Myocarditis as a complication in scleroderma 
patients with myositis. Clinical cardiology. 1993 Dec;16(12):895-9. PubMed 
PMID: 8168276. 

146. Follansbee WP, Zerbe TR, Medsger TA, Jr. Cardiac and skeletal 
muscle disease in systemic sclerosis (scleroderma): a high risk association. Am 
Heart J. 1993 Jan;125(1):194-203. PubMed PMID: 8417518. Epub 1993/01/01. 
eng. 



 

68 

147. Parks JL, Taylor MH, Parks LP, Silver RM. Systemic sclerosis and 
the heart. Rheum Dis Clin North Am. 2014 Feb;40(1):87-102. PubMed PMID: 
24268011. 

148. Hachulla AL, Launay D, Gaxotte V, de Groote P, Lamblin N, 
Devos P, et al. Cardiac magnetic resonance imaging in systemic sclerosis: a 
cross-sectional observational study of 52 patients. Ann Rheum Dis. 2009 
Dec;68(12):1878-84. PubMed PMID: 19054830. Pubmed Central PMCID: 
2770106. 

149. Di Cesare E, Battisti S, Di Sibio A, Cipriani P, Giacomelli R, 
Liakouli V, et al. Early assessment of sub-clinical cardiac involvement in 
systemic sclerosis (SSc) using delayed enhancement cardiac magnetic resonance 
(CE-MRI). European journal of radiology. 2013 Jun;82(6):e268-73. PubMed 
PMID: 23510727. 

150. Hesselstrand R, Scheja A, Wuttge DM, Arheden H, Ugander M. 
Enlarged right-sided dimensions and fibrosis of the right ventricular insertion 
point on cardiovascular magnetic resonance imaging is seen early in patients 
with pulmonary arterial hypertension associated with connective tissue disease. 
Scand J Rheumatol. 2011 Mar;40(2):133-8. PubMed PMID: 20919946. 

151. Valentini G, Vitale DF, Giunta A, Maione S, Gerundo G, Arnese 
M, et al. Diastolic abnormalities in systemic sclerosis: evidence for associated 
defective cardiac functional reserve. Ann Rheum Dis. 1996 Jul;55(7):455-60. 
PubMed PMID: 8774164. Pubmed Central PMCID: 1010209. 

152. Armstrong GP, Whalley GA, Doughty RN, Gamble GD, Flett SM, 
Tan PL, et al. Left ventricular function in scleroderma. Br J Rheumatol. 1996 
Oct;35(10):983-8. PubMed PMID: 8883437. 

153. Hinchcliff M, Desai CS, Varga J, Shah SJ. Prevalence, prognosis, 
and factors associated with left ventricular diastolic dysfunction in systemic 
sclerosis. Clin Exp Rheumatol. 2012 Mar-Apr;30(2 Suppl 71):S30-7. PubMed 
PMID: 22338601. Pubmed Central PMCID: 3507505. 

154. Ivanovic BA, Tadic MV, Zlatanovic MM, Damjanov NN, Ostojic 
PM, Bonaci-Nikolic BN. Which factors impact myocardial function in systemic 
sclerosis? Echocardiography. 2012 Mar;29(3):307-17. PubMed PMID: 
22066854. 

155. Aktoz M, Yilmaztepe M, Tatli E, Turan FN, Umit EG, Altun A. 
Assessment of ventricular and left atrial mechanical functions, atrial 



 

 69 

electromechanical delay and P wave dispersion in patients with scleroderma. 
Cardiol J. 2011;18(3):261-9. PubMed PMID: 21660915. 

156. Plazak W, Gryga K, Sznajd J, Tomkiewicz-Pajak L, Suchon E, 
Wilisowska J, et al. Diastolic heart dysfunction, increased pulmonary capillary 
wedge pressure and impaired exercise tolerance in patients with systemic 
sclerosis. Kardiol Pol. 2011;69(3):243-9. PubMed PMID: 21432793. 

157. Maione S, Valentini G, Giunta A, Migliaresi S, Itri F, Picillo U, et 
al. Evaluation of cardiac structures and function in systemic sclerosis by Doppler 
echocardiography. Cardiology. 1991;79(3):165-71. PubMed PMID: 1769033. 

158. Mele D, Censi S, La Corte R, Merli E, Lo Monaco A, Locaputo A, 
et al. Abnormalities of left ventricular function in asymptomatic patients with 
systemic sclerosis using Doppler measures of myocardial strain. J Am Soc 
Echocardiogr. 2008 Nov;21(11):1257-64. PubMed PMID: 18992677. 

159. Allanore Y, Meune C, Vonk MC, Airo P, Hachulla E, Caramaschi 
P, et al. Prevalence and factors associated with left ventricular dysfunction in the 
EULAR Scleroderma Trial and Research group (EUSTAR) database of patients 
with systemic sclerosis. Ann Rheum Dis. 2010 Jan;69(1):218-21. PubMed 
PMID: 19279015. 

160. Maione S, Cuomo G, Giunta A, Tanturri de Horatio L, La 
Montagna G, Manguso F, et al. Echocardiographic alterations in systemic 
sclerosis: a longitudinal study. Semin Arthritis Rheum. 2005 Apr;34(5):721-7. 
PubMed PMID: 15846587. 

161. de Groote P, Gressin V, Hachulla E, Carpentier P, Guillevin L, 
Kahan A, et al. Evaluation of cardiac abnormalities by Doppler 
echocardiography in a large nationwide multicentric cohort of patients with 
systemic sclerosis. Ann Rheum Dis. 2008 Jan;67(1):31-6. PubMed PMID: 
17267515. 

162. Rosato E, Maione S, Vitarelli A, Giunta A, Fontanella L, de 
Horatio LT, et al. Regional diastolic function by tissue Doppler 
echocardiography in systemic sclerosis: correlation with clinical variables. 
Rheumatol Int. 2009 Jun;29(8):913-9. PubMed PMID: 19112565. 

163. D'Andrea A, Stisi S, Bellissimo S, Vigorito F, Scotto di Uccio F, 
Tozzi N, et al. Early impairment of myocardial function in systemic sclerosis: 
non-invasive assessment by Doppler myocardial and strain rate imaging. Eur J 
Echocardiogr. 2005 Dec;6(6):407-18. PubMed PMID: 16293527. 



 

70 

164. Lindqvist P, Caidahl K, Neuman-Andersen G, Ozolins C, 
Rantapaa-Dahlqvist S, Waldenstrom A, et al. Disturbed right ventricular 
diastolic function in patients with systemic sclerosis: a Doppler tissue imaging 
study. Chest. 2005 Aug;128(2):755-63. PubMed PMID: 16100164. 

165. Aguglia G, Sgreccia A, Bernardo ML, Carmenini E, Giusti De 
Marle M, Reali A, et al. Left ventricular diastolic function in systemic sclerosis. 
J Rheumatol. 2001 Jul;28(7):1563-7. PubMed PMID: 11469462. 

166. Lee SW, Choi EY, Jung SY, Choi ST, Lee SK, Park YB. E/E' ratio 
is more sensitive than E/A ratio for detection of left ventricular diastolic 
dysfunction in patients with systemic sclerosis. Clin Exp Rheumatol. 2010 Mar-
Apr;28(2 Suppl 58):S12-7. PubMed PMID: 20576210. 

167. Giunta A, Tirri E, Maione S, Cangianiello S, Mele A, De Luca A, 
et al. Right ventricular diastolic abnormalities in systemic sclerosis. Relation to 
left ventricular involvement and pulmonary hypertension. Ann Rheum Dis. 2000 
Feb;59(2):94-8. PubMed PMID: 10666162. Pubmed Central PMCID: 1753067. 

168. Dimitroulas T, Giannakoulas G, Papadopoulou K, Karvounis H, 
Dimitroula H, Koliakos G, et al. Early detection of cardiac involvement in 
systemic sclerosis assessed by tissue-Doppler echocardiography: relationship 
with neurohormonal activation and endothelial dysfunction. J Rheumatol. 2010 
May;37(5):993-9. PubMed PMID: 20194451. 

169. Meune C, Allanore Y, Devaux JY, Dessault O, Duboc D, Weber S, 
et al. High prevalence of right ventricular systolic dysfunction in early systemic 
sclerosis. J Rheumatol. 2004 Oct;31(10):1941-5. PubMed PMID: 15468357. 

170. Schattke S, Knebel F, Grohmann A, Dreger H, Kmezik F, 
Riemekasten G, et al. Early right ventricular systolic dysfunction in patients with 
systemic sclerosis without pulmonary hypertension: a Doppler Tissue and 
Speckle Tracking echocardiography study. Cardiovasc Ultrasound. 2010;8:3. 
PubMed PMID: 20096122. Pubmed Central PMCID: 2822748. 

171. Overbeek MJ, Lankhaar JW, Westerhof N, Voskuyl AE, Boonstra 
A, Bronzwaer JG, et al. Right ventricular contractility in systemic sclerosis-
associated and idiopathic pulmonary arterial hypertension. Eur Respir J. 2008 
Jun;31(6):1160-6. PubMed PMID: 18216049. 

172. Tedford RJ, Mudd JO, Girgis RE, Mathai SC, Zaiman AL, 
Housten-Harris T, et al. Right ventricular dysfunction in systemic sclerosis-
associated pulmonary arterial hypertension. Circulation Heart failure. 2013 Sep 
1;6(5):953-63. PubMed PMID: 23797369. Pubmed Central PMCID: 3815697. 



 

 71 

173. Kiatchoosakun S, Wongvipaporn C, Nanagara R, Hoit BD. Right 
ventricular systolic pressure assessed by echocardiography: a predictive factor of 
mortality in patients with scleroderma. Clinical cardiology. 2011 Aug;34(8):488-
93. PubMed PMID: 21717471. 

174. Khanna D, Gladue H, Channick R, Chung L, Distler O, Furst DE, 
et al. Recommendations for screening and detection of connective tissue disease-
associated pulmonary arterial hypertension. Arthritis Rheum. 2013 
Dec;65(12):3194-201. PubMed PMID: 24022584. Pubmed Central PMCID: 
3883571. 

175. Gottdiener JS, Moutsopoulos HM, Decker JL. Echocardiographic 
identification of cardiac abnormality in scleroderma and related disorders. Am J 
Med. 1979 Mar;66(3):391-8. PubMed PMID: 155400. 

176. Kazzam E, Caidahl K, Hallgren R, Johansson C, Waldenstrom A. 
Mitral regurgitation and diastolic flow profile in systemic sclerosis. Int J Cardiol. 
1990 Dec;29(3):357-63. PubMed PMID: 2283193. 

177. Plazak W, Kopec G, Tomkiewicz-Pajak L, Rubis P, Dziedzic H, 
Suchon E, et al. Heart structure and function in patients with generalized 
autoimmune diseases: echocardiography with tissue Doppler study. Acta 
cardiologica. 2011 Apr;66(2):159-65. PubMed PMID: 21591573. 

178. Roberts NK, Cabeen WR, Jr., Moss J, Clements PJ, Furst DE. The 
prevalence of conduction defects and cardiac arrhythmias in progressive 
systemic sclerosis. Ann Intern Med. 1981 Jan;94(1):38-40. PubMed PMID: 
7447221. 

179. Kostis JB, Seibold JR, Turkevich D, Masi AT, Grau RG, Medsger 
TA, Jr., et al. Prognostic importance of cardiac arrhythmias in systemic sclerosis. 
Am J Med. 1988 Jun;84(6):1007-15. PubMed PMID: 3376974. Epub 
1988/06/01. eng. 

180. Assassi S, Del Junco D, Sutter K, McNearney TA, Reveille JD, 
Karnavas A, et al. Clinical and genetic factors predictive of mortality in early 
systemic sclerosis. Arthritis Rheum. 2009 Oct 15;61(10):1403-11. PubMed 
PMID: 19790132. Pubmed Central PMCID: 2883167. 

181. Ferri C, Bernini L, Bongiorni MG, Levorato D, Viegi G, Bravi P, 
et al. Noninvasive evaluation of cardiac dysrhythmias, and their relationship with 
multisystemic symptoms, in progressive systemic sclerosis patients. Arthritis 
Rheum. 1985 Nov;28(11):1259-66. PubMed PMID: 4063000. Epub 1985/11/01. 
eng. 



 

72 

182. Bielous-Wilk A, Poreba M, Staniszewska-Marszalek E, Poreba R, 
Podgorski M, Kalka D, et al. Electrocardiographic evaluation in patients with 
systemic scleroderma and without clinically evident heart disease. Ann 
Noninvasive Electrocardiol. 2009 Jul;14(3):251-7. PubMed PMID: 19614636. 
Epub 2009/07/21. eng. 

183. Follansbee WP, Curtiss EI, Rahko PS, Medsger TA, Jr., Lavine SJ, 
Owens GR, et al. The electrocardiogram in systemic sclerosis (scleroderma). 
Study of 102 consecutive cases with functional correlations and review of the 
literature. Am J Med. 1985 Aug;79(2):183-92. PubMed PMID: 3161326. Epub 
1985/08/01. eng. 

184. Draeger HT, Assassi S, Sharif R, Gonzalez EB, Harper BE, Arnett 
FC, et al. Right bundle branch block: a predictor of mortality in early systemic 
sclerosis. PLoS One. 2013;8(10):e78808. PubMed PMID: 24205321. Pubmed 
Central PMCID: 3814983. 

185. Chu SY, Chen YJ, Liu CJ, Tseng WC, Lin MW, Hwang CY, et al. 
Increased risk of acute myocardial infarction in systemic sclerosis: a nationwide 
population-based study. Am J Med. 2013 Nov;126(11):982-8. PubMed PMID: 
24157289. 

186. Man A, Zhu Y, Zhang Y, Dubreuil M, Rho YH, Peloquin C, et al. 
The risk of cardiovascular disease in systemic sclerosis: a population-based 
cohort study. Ann Rheum Dis. 2012 Aug 17. PubMed PMID: 22904260. Epub 
2012/08/21. Eng. 

187. Ngian GS, Sahhar J, Proudman SM, Stevens W, Wicks IP, Van 
Doornum S. Prevalence of coronary heart disease and cardiovascular risk factors 
in a national cross-sectional cohort study of systemic sclerosis. Ann Rheum Dis. 
2012 Apr 24. PubMed PMID: 22532628. Epub 2012/04/26. Eng. 

188. Au K, Singh MK, Bodukam V, Bae S, Maranian P, Ogawa R, et al. 
Atherosclerosis in systemic sclerosis: a systematic review and meta-analysis. 
Arthritis Rheum. 2011 Jul;63(7):2078-90. PubMed PMID: 21480189. Pubmed 
Central PMCID: 3128188. Epub 2011/04/12. eng. 

189. Tyrrell PN, Beyene J, Feldman BM, McCrindle BW, Silverman 
ED, Bradley TJ. Rheumatic disease and carotid intima-media thickness: a 
systematic review and meta-analysis. Arterioscler Thromb Vasc Biol. 2010 
May;30(5):1014-26. PubMed PMID: 20150560. 

190. Lekakis J, Mavrikakis M, Papamichael C, Papazoglou S, 
Economou O, Scotiniotis I, et al. Short-term estrogen administration improves 



 

 73 

abnormal endothelial function in women with systemic sclerosis and Raynaud's 
phenomenon. Am Heart J. 1998 Nov;136(5):905-12. PubMed PMID: 9812087. 
Epub 1998/11/13. eng. 

191. Stafford L, Englert H, Gover J, Bertouch J. Distribution of 
macrovascular disease in scleroderma. Ann Rheum Dis. 1998 Aug;57(8):476-9. 
PubMed PMID: 9797553. Pubmed Central PMCID: 1752725. Epub 1998/11/03. 
eng. 

192. Cheng KS, Tiwari A, Boutin A, Denton CP, Black CM, Morris R, 
et al. Carotid and femoral arterial wall mechanics in scleroderma. Rheumatology 
(Oxford). 2003 Nov;42(11):1299-305. PubMed PMID: 12777634. Epub 
2003/06/05. eng. 

193. Szucs G, Timar O, Szekanecz Z, Der H, Kerekes G, Szamosi S, et 
al. Endothelial dysfunction precedes atherosclerosis in systemic sclerosis--
relevance for prevention of vascular complications. Rheumatology (Oxford). 
2007 May;46(5):759-62. PubMed PMID: 17244666. Epub 2007/01/25. eng. 

194. Kaloudi O, Basta G, Perfetto F, Bartoli F, Del Rosso A, Miniati I, 
et al. Circulating levels of Nepsilon-(carboxymethyl)lysine are increased in 
systemic sclerosis. Rheumatology (Oxford). 2007 Mar;46(3):412-6. PubMed 
PMID: 16936331. Epub 2006/08/29. eng. 

195. Bartoli F, Angotti C, Fatini C, Conforti ML, Guiducci S, 
Blagojevic J, et al. Angiotensin-converting enzyme I/D polymorphism and 
macrovascular disease in systemic sclerosis. Rheumatology (Oxford). 2007 
May;46(5):772-5. PubMed PMID: 17264090. Epub 2007/02/01. eng. 

196. Bartoli F, Blagojevic J, Bacci M, Fiori G, Tempestini A, Conforti 
ML, et al. Flow-mediated vasodilation and carotid intima-media thickness in 
systemic sclerosis. Ann N Y Acad Sci. 2007 Jun;1108:283-90. PubMed PMID: 
17893992. Epub 2007/09/26. eng. 

197. Zakopoulos NA, Kotsis VT, Gialafos EJ, Papamichael CM, 
Pitiriga V, Mitsibounas DN, et al. Systemic sclerosis is not associated with 
clinical or ambulatory blood pressure. Clin Exp Rheumatol. 2003 Mar-
Apr;21(2):199-204. PubMed PMID: 12747274. Epub 2003/05/16. eng. 

198. Roustit M, Simmons GH, Baguet JP, Carpentier P, Cracowski JL. 
Discrepancy between simultaneous digital skin microvascular and brachial artery 
macrovascular post-occlusive hyperemia in systemic sclerosis. J Rheumatol. 
2008 Aug;35(8):1576-83. PubMed PMID: 18597404. Epub 2008/07/04. eng. 



 

74 

199. Hettema ME, Zhang D, de Leeuw K, Stienstra Y, Smit AJ, 
Kallenberg CG, et al. Early atherosclerosis in systemic sclerosis and its relation 
to disease or traditional risk factors. Arthritis Res Ther. 2008;10(2):R49. 
PubMed PMID: 18439295. Pubmed Central PMCID: 2453769. Epub 
2008/04/29. eng. 

200. Ho M, Veale D, Eastmond C, Nuki G, Belch J. Macrovascular 
disease and systemic sclerosis. Ann Rheum Dis. 2000 Jan;59(1):39-43. PubMed 
PMID: 10627425. Pubmed Central PMCID: 1752979. Epub 2000/01/11. eng. 

201. Sherer Y, Cerinic MM, Bartoli F, Blagojevic J, Conforti ML, 
Gilburd B, et al. Early atherosclerosis and autoantibodies to heat-shock proteins 
and oxidized LDL in systemic sclerosis. Ann N Y Acad Sci. 2007 Jun;1108:259-
67. PubMed PMID: 17893991. Epub 2007/09/26. eng. 

202. Tsifetaki N, Georgiadis AN, Alamanos Y, Fanis S, Argyropoulou 
MI, Drosos AA. Subclinical atherosclerosis in scleroderma patients. Scand J 
Rheumatol. 2010 Aug;39(4):326-9. PubMed PMID: 20476856. Epub 
2010/05/19. eng. 

203. Vettori S, Maresca L, Cuomo G, Abbadessa S, Leonardo G, 
Valentini G. Clinical and subclinical atherosclerosis in systemic sclerosis: 
consequences of previous corticosteroid treatment. Scand J Rheumatol. 2010 
Nov;39(6):485-9. PubMed PMID: 20604675. Epub 2010/07/08. eng. 

204. Schiopu E, Au KM, McMahon MA, Kaplan MJ, Divekar A, Singh 
RR, et al. Prevalence of subclinical atherosclerosis is increased in systemic 
sclerosis and is associated with serum proteins: a cross-sectional, controlled 
study of carotid ultrasound. Rheumatology (Oxford). 2013 Dec 19. PubMed 
PMID: 24357811. 

205. Campbell PM, LeRoy EC. Pathogenesis of systemic sclerosis: a 
vascular hypothesis. Semin Arthritis Rheum. 1975 May;4(4):351-68. PubMed 
PMID: 1135634. 

206. Asano Y, Sato S. Animal models of scleroderma: current state and 
recent development. Current rheumatology reports. 2013 Dec;15(12):382. 
PubMed PMID: 24150871. 

207. Maurer B, Busch N, Jungel A, Pileckyte M, Gay RE, Michel BA, 
et al. Transcription factor fos-related antigen-2 induces progressive peripheral 
vasculopathy in mice closely resembling human systemic sclerosis. Circulation. 
2009 Dec 8;120(23):2367-76. PubMed PMID: 19933934. 



 

 75 

208. Rodnan GP, Myerowitz RL, Justh GO. Morphologic changes in 
the digital arteries of patients with progressive systemic sclerosis (scleroderma) 
and Raynaud phenomenon. Medicine (Baltimore). 1980 Nov;59(6):393-408. 
PubMed PMID: 7442530. Epub 1980/11/01. eng. 

209. Maricq HR, LeRoy EC. Capillary blood flow in scleroderma. 
Bibliotheca anatomica. 1973;11:352-8. PubMed PMID: 4789062. 

210. Pavlov-Dolijanovic S, Damjanov NS, Stojanovic RM, Vujasinovic 
Stupar NZ, Stanisavljevic DM. Scleroderma pattern of nailfold capillary changes 
as predictive value for the development of a connective tissue disease: a follow-
up study of 3,029 patients with primary Raynaud's phenomenon. Rheumatol Int. 
2012 Oct;32(10):3039-45. PubMed PMID: 21901350. 

211. Mugii N, Hasegawa M, Hamaguchi Y, Tanaka C, Kaji K, Komura 
K, et al. Reduced red blood cell velocity in nail-fold capillaries as a sensitive and 
specific indicator of microcirculation injury in systemic sclerosis. Rheumatology 
(Oxford). 2009 Jun;48(6):696-703. PubMed PMID: 19439504. 

212. Rossi M, Bazzichi L, Di Maria C, Franzoni F, Raimo K, Della 
Rossa A, et al. Blunted increase of digital skin vasomotion following 
acetylcholine and sodium nitroprusside iontophoresis in systemic sclerosis 
patients. Rheumatology (Oxford). 2008 Jul;47(7):1012-7. PubMed PMID: 
18430760. 

213. Caramaschi P, Canestrini S, Martinelli N, Volpe A, Pieropan S, 
Ferrari M, et al. Scleroderma patients nailfold videocapillaroscopic patterns are 
associated with disease subset and disease severity. Rheumatology (Oxford). 
2007 Oct;46(10):1566-9. PubMed PMID: 17693443. 

214. Riccieri V, Vasile M, Iannace N, Stefanantoni K, Sciarra I, Vizza 
CD, et al. Systemic sclerosis patients with and without pulmonary arterial 
hypertension: a nailfold capillaroscopy study. Rheumatology (Oxford). 2013 
Aug;52(8):1525-8. PubMed PMID: 23671125. 

215. Hofstee HM, Vonk Noordegraaf A, Voskuyl AE, Dijkmans BA, 
Postmus PE, Smulders YM, et al. Nailfold capillary density is associated with 
the presence and severity of pulmonary arterial hypertension in systemic 
sclerosis. Ann Rheum Dis. 2009 Feb;68(2):191-5. PubMed PMID: 18375538. 

216. Ong YY, Nikoloutsopoulos T, Bond CP, Smith MD, Ahern MJ, 
Roberts-Thomson PJ. Decreased nailfold capillary density in limited 
scleroderma with pulmonary hypertension. Asian Pacific journal of allergy and 



 

76 

immunology / launched by the Allergy and Immunology Society of Thailand. 
1998 Jun-Sep;16(2-3):81-6. PubMed PMID: 9876945. 

217. Ennis H, Moore T, Murray A, Vail A, Herrick AL. Further 
confirmation that digital ulcers are associated with the severity of abnormality on 
nailfold capillaroscopy in patients with systemic sclerosis. Rheumatology 
(Oxford). 2013 Dec 4. PubMed PMID: 24307291. 

218. Herrick AL, Moore TL, Murray AK, Whidby N, Manning JB, 
Bhushan M, et al. Nail-fold capillary abnormalities are associated with anti-
centromere antibody and severity of digital ischaemia. Rheumatology (Oxford). 
2010 Sep;49(9):1776-82. PubMed PMID: 20538680. 

219. Sunderkotter C, Herrgott I, Bruckner C, Moinzadeh P, Pfeiffer C, 
Gerss J, et al. Comparison of patients with and without digital ulcers in systemic 
sclerosis: detection of possible risk factors. Br J Dermatol. 2009 Apr;160(4):835-
43. PubMed PMID: 19183180. 

220. Guillevin L, Hunsche E, Denton CP, Krieg T, Schwierin B, 
Rosenberg D, et al. Functional impairment of systemic scleroderma patients with 
digital ulcerations: results from the DUO Registry. Clin Exp Rheumatol. 2013 
Mar-Apr;31(2 Suppl 76):71-80. PubMed PMID: 23910613. 

221. Steen V, Denton CP, Pope JE, Matucci-Cerinic M. Digital ulcers: 
overt vascular disease in systemic sclerosis. Rheumatology (Oxford). 2009 
Jun;48 Suppl 3:iii19-24. PubMed PMID: 19487218. 

222. Ennis H, Vail A, Wragg E, Taylor A, Moore T, Murray A, et al. A 
prospective study of systemic sclerosis-related digital ulcers: prevalence, 
location, and functional impact. Scand J Rheumatol. 2013;42(6):483-6. PubMed 
PMID: 23826651. 

223. Sebastiani M, Manfredi A, Colaci M, D'Amico R, Malagoli V, 
Giuggioli D, et al. Capillaroscopic skin ulcer risk index: a new prognostic tool 
for digital skin ulcer development in systemic sclerosis patients. Arthritis 
Rheum. 2009 May 15;61(5):688-94. PubMed PMID: 19405007. 

224. Smith V, De Keyser F, Pizzorni C, Van Praet JT, Decuman S, Sulli 
A, et al. Nailfold capillaroscopy for day-to-day clinical use: construction of a 
simple scoring modality as a clinical prognostic index for digital trophic lesions. 
Ann Rheum Dis. 2011 Jan;70(1):180-3. PubMed PMID: 20971717. 

225. Tiso F, Favaro M, Ciprian L, Cardarelli S, Rizzo M, Tonello M, et 
al. [Digital ulcers in a cohort of 333 scleroderma patients]. Reumatismo. 2007 



 

 77 

Jul-Sep;59(3):215-20. PubMed PMID: 17898881. Ulcere digitali in una coorte di 
333 pazienti sclerodermici. 

226. Wigley FM, Wise RA, Miller R, Needleman BW, Spence RJ. 
Anticentromere antibody as a predictor of digital ischemic loss in patients with 
systemic sclerosis. Arthritis Rheum. 1992 Jun;35(6):688-93. PubMed PMID: 
1599523. Epub 1992/06/01. eng. 

227. Takahashi T, Asano Y, Amiya E, Hatano M, Tamaki Z, Takata M, 
et al. Clinical correlation of brachial artery flow-mediated dilation in patients 
with systemic sclerosis. Modern rheumatology / the Japan Rheumatism 
Association. 2014 Jan;24(1):106-11. PubMed PMID: 24261766. 

228. Herrick AL, Roberts C, Tracey A, Silman A, Anderson M, 
Goodfield M, et al. Lack of agreement between rheumatologists in defining 
digital ulceration in systemic sclerosis. Arthritis Rheum. 2009 Mar;60(3):878-82. 
PubMed PMID: 19248100. 

229. Baron M, Chung L, Gyger G, Hummers L, Khanna D, Mayes MD, 
et al. Consensus opinion of a North American Working Group regarding the 
classification of digital ulcers in systemic sclerosis. Clin Rheumatol. 2014 
Feb;33(2):207-14. PubMed PMID: 24357325. 

230. Denton CP, Lapadula G, Mouthon L, Muller-Ladner U. Renal 
complications and scleroderma renal crisis. Rheumatology (Oxford). 2009 
Jun;48 Suppl 3:iii32-5. PubMed PMID: 19487221. 

231. Batal I, Domsic RT, Medsger TA, Bastacky S. Scleroderma renal 
crisis: a pathology perspective. International journal of rheumatology. 
2010;2010:543704. PubMed PMID: 20981312. Pubmed Central PMCID: 
2958499. 

232. Cozzi F, Marson P, Cardarelli S, Favaro M, Tison T, Tonello M, et 
al. Prognosis of scleroderma renal crisis: a long-term observational study. 
Nephrol Dial Transplant. 2012 Dec;27(12):4398-403. PubMed PMID: 
22859795. 

233. Hesselstrand R, Scheja A, Wuttge DM. Scleroderma renal crisis in 
a Swedish systemic sclerosis cohort: survival, renal outcome, and RNA 
polymerase III antibodies as a risk factor. Scand J Rheumatol. 2012 
Feb;41(1):39-43. PubMed PMID: 22044051. 



 

78 

234. Lambe M, Bjornadal L, Neregard P, Nyren O, Cooper GS. 
Childbearing and the risk of scleroderma: a population-based study in Sweden. 
Am J Epidemiol. 2004 Jan 15;159(2):162-6. PubMed PMID: 14718218. 

235. Valentini G, Bencivelli W, Bombardieri S, D'Angelo S, Della 
Rossa A, Silman AJ, et al. European Scleroderma Study Group to define disease 
activity criteria for systemic sclerosis. III. Assessment of the construct validity of 
the preliminary activity criteria. Ann Rheum Dis. 2003 Sep;62(9):901-3. 
PubMed PMID: 12922968. Pubmed Central PMCID: 1754649. Epub 
2003/08/19. eng. 

236. Medsger TA, Jr., Bombardieri S, Czirjak L, Scorza R, Della Rossa 
A, Bencivelli W. Assessment of disease severity and prognosis. Clin Exp 
Rheumatol. 2003;21(3 Suppl 29):S42-6. PubMed PMID: 12889222. Epub 
2003/08/02. eng. 

237. Clements P, Lachenbruch P, Siebold J, White B, Weiner S, Martin 
R, et al. Inter and intraobserver variability of total skin thickness score (modified 
Rodnan TSS) in systemic sclerosis. J Rheumatol. 1995 Jul;22(7):1281-5. 
PubMed PMID: 7562759. Epub 1995/07/01. eng. 

238. Prineas R CR, Blackburn H. The Minnesota Code Manual of 
Electrcardiographic Findings. John Wright-PGS, Inc. Littleton, MA1982. 

239. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, 
Feigenbaum H, et al. Recommendations for quantitation of the left ventricle by 
two-dimensional echocardiography. American Society of Echocardiography 
Committee on Standards, Subcommittee on Quantitation of Two-Dimensional 
Echocardiograms. Journal of the American Society of Echocardiography : 
official publication of the American Society of Echocardiography. 1989 Sep-
Oct;2(5):358-67. PubMed PMID: 2698218. 

240. Alam M, Rosenhamer G. Atrioventricular plane displacement and 
left ventricular function. Journal of the American Society of Echocardiography : 
official publication of the American Society of Echocardiography. 1992 Jul-
Aug;5(4):427-33. PubMed PMID: 1510858. 

241. Houtman PM, Kallenberg CG, Fidler V, Wouda AA. Diagnostic 
significance of nailfold capillary patterns in patients with Raynaud's 
phenomenon. An analysis of patterns discriminating patients with and without 
connective tissue disease. J Rheumatol. 1986 Jun;13(3):556-63. PubMed PMID: 
3735277. 



 

 79 

242. Sekiyama JY, Camargo CZ, Andrade LE, Kayser C. Reliability of 
Widefield Nailfold Capillaroscopy and Videocapillaroscopy in the Assessment 
of Patients with Raynaud's Phenomenon. Arthritis Care Res (Hoboken). 2013 
Jun 10. PubMed PMID: 23754794. 

243. Komocsi A, Pinter T, Faludi R, Magyari B, Bozo J, Kumanovics 
G, et al. Overlap of coronary disease and pulmonary arterial hypertension in 
systemic sclerosis. Ann Rheum Dis. 2010 Jan;69(1):202-5. PubMed PMID: 
19158116. Epub 2009/01/23. eng. 

244. Meune C, Avouac J, Airo P, Beretta L, Dieude P, Wahbi K, et al. 
Prediction of pulmonary hypertension related to systemic sclerosis by an index 
based on simple clinical observations. Arthritis Rheum. 2011 Sep;63(9):2790-6. 
PubMed PMID: 21547892. 

245. Coghlan JG, Denton CP, Grunig E, Bonderman D, Distler O, 
Khanna D, et al. Evidence-based detection of pulmonary arterial hypertension in 
systemic sclerosis: the DETECT study. Ann Rheum Dis. 2013 May 18. PubMed 
PMID: 23687283. 

246. Khanna D, Gladue H, Channick R, Chung L, Distler O, Furst DE, 
et al. Recommendations for screening and detection of connective tissue disease-
associated pulmonary arterial hypertension. Arthritis Rheum. 2013 
Dec;65(12):3194-201. PubMed PMID: 24022584. Pubmed Central PMCID: 
3883571. 

247. Caramaschi P, Biasi D, Caimmi C, Barausse G, Sabbagh D, 
Tinazzi I, et al. Digital amputation in systemic sclerosis: prevalence and clinical 
associations. A retrospective longitudinal study. J Rheumatol. 2012 
Aug;39(8):1648-53. PubMed PMID: 22707610. 

 

 






