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Abstract: Background/Objectives: Autoimmune inflammation enhances the electrical
instability of the atrial myocardium in patients with systemic sclerosis (SSc); thus, atrial
arrhythmia risk is increased, which might be predicted by evaluating the P wave interval
and dispersion of a 12-lead surface electrocardiogram (ECG). Methods: We examined
26 SSc patients and 36 healthy controls and measured the P wave interval and P wave
dispersion of the 12-lead surface ECG in each patient. Furthermore, echocardiography
and 24-h Holter ECG were performed and levels of inflammatory laboratory parameters,
including serum progranulin (PGRN), sVCAM-1, sSICAM-1, leptin and C-reactive protein
(CRP), were determined. Lipid parameters, such as Apo A-I, LDL-cholesterol (LDL-C),
oxidized LDL (oxLDL) and the LDL and HDL subfractions were also evaluated. Results:
The P wave interval showed a significant positive correlation with the levels of Apo A-],
LDL-C, CRP, sVCAM-1, sSICAM-1 and leptin. The oxLDL level correlated positively with
P wave dispersion. Of note, significant positive correlation was also found between the
large HDL percentage and the P wave interval. Conclusions: Our results suggest that
PGRN, sVCAM-1, sSICAM-1, leptin, CRP, LDL-C and oxLDL, along with LDL and HDL
subfractions, might have a role in atrial arrhythmogenesis in patients with SSc.

Keywords: systemic sclerosis; atrial arrhythmias; inflammation; leptin; oxLDL; LDL and
HDL subfractions; electrocardiography

1. Introduction

Systemic sclerosis is an autoimmune condition, which is characterized by fibrotic tissue
deposition in the skin and internal organs, endothelial dysfunction and the presence of au-
toimmune inflammation [1]. The disease has a female predominance with an overall female
to male ratio of 3:1 [2]. Systemic sclerosis (SSc) is associated with structural inhomogene-
ity and patchy fibrosis of the myocardium, which can result in anisotropy and electrical
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instability, leading to pulse conduction disorders and heart rhythm disturbances [3,4].
Furthermore, increased arrhythmia risk may develop secondary to reversible ischemic
changes due to coronary vasoconstriction, the appearance of circulating b-adrenergic recep-
tor autoantibodies and intracardiac pressure overload resulting from pulmonary arterial
hypertension [5]. Based on previous studies, scleroderma heart involvement (SHI) is associ-
ated with worse prognosis as well as higher mortality [6,7]. Importantly, 6% of SSc-related
cardiovascular mortality is arrhythmia-related mortality [8]. Supraventricular arrhythmias
can be present in 32-66% of scleroderma patients, where supraventricular premature beats
are the most common entities (2.6-90%) [5,9]. Moreover, atrial fibrillation (AF) occurs in
1.8-36.7% of SSc patients [9]. Fairley et al. found that in the phase of subclinical cardiac
manifestations, the incidence of AF is not higher in SSc patients compared to the control
population [10]. On the contrary, the presence of atrial and supraventricular arrhythmias is
7.1 times higher in SSc patients with advanced cardiac manifestation compared to healthy
subjects [10]. In-hospital mortality of SSc patients with atrial fibrillation has been shown to
be three times higher compared to patients with AF without coexisting scleroderma [11].
Interestingly, in SSc patients AF can develop regardless of the presence of the classic cardio-
vascular risk factors, such as dyslipidemia, obesity or hypertension [11]. Of note, systemic
sclerosis patients have an increased risk for conduction disorders and rhythm disturbances
compared to nonsystemic sclerosis patients even in the early phase of the disease [12].

Inflammation plays an important role in the genesis of electrical and structural re-
modeling of the atrial myocardium in patients with SSc [8]. The P wave interval (P int),
maximal P wave interval (P max) and P dispersion (Pd) of a 12-lead surface ECG have been
confirmed to indicate the electrical inhomogeneity of the atrial myocardium. The length-
ening of the P max and Pd have also been described in patients with SSc [13]. Evaluating
the data of 23 patients with SSc, Wokhlu et al. have demonstrated that P wave amplitude
in lead II of the electrocardiogram correlated with pulmonary arterial pressure [14]. In
an investigation conducted by Sharifkazemi et al. the left atrial volume, the left atrial
area and the diameter of the inferior vena cava were found to be higher in scleroderma
patients compared to controls [15,16]. Durmus et al. found reduced right ventricular strain
parameters, tricuspid annular plane systolic excursion (TAPSE) and right atrial reservoir
and conduit strain parameters in SSc patients without the presence of pulmonary arterial
hypertension [17]. In another echocardiographic study by Aktoz et al., the value of the
left ventricular E wave correlated with parameters describing the left atrial electrical and
mechanical delay, suggesting the usefulness of these parameters in atrial fibrillation risk
stratification in this patient population [13]. In addition to the aforementioned methods,
cardiac magnetic resonance (CMR) has proven to be a very useful method in the assessment
of early heart involvement in scleroderma patients [7].

The gold standard laboratory markers for the detection of scleroderma heart involve-
ment (SHI) are high sensitivity troponin (HScTnT) and N-terminal prohormone of b-type
natriuretic peptide (NT-proBNP), of which HScTnT is more specific for SHI and can be
elevated even in the subclinical phase of the disease [18]. In the case of SSc patients, the pres-
ence of dyslipidemia contributes to an adverse cardiovascular risk profile. Ferraz-Amaro
et al. examined 73 SSc patients and 115 controls, and found lower high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and apolipoprotein A-I
(Apo A-I) levels and higher lipoprotein (a) (Lp (a)), triglyceride, Apo B/A-I ratio and
atherogeneity index (total cholesterol/HDL-C) in the scleroderma group [19]. Kotyla et al.
demonstrated higher LDL-C and total cholesterol levels, while Lippi et al. showed higher
C-reactive protein (CRP) and Lp (a) levels in SSc patients compared to controls [20,21].
Based on the so-called lipid paradox, which has been described in several autoimmune
diseases, in untreated inflammatory processes the serum total cholesterol and LDL-C levels
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are lower. This phenomenon is considered the consequence of the lipid lowering effect
of the inflammatory response itself [22]. In the development of atherosclerotic plaques,
oxidized LDL (oxLDL) is known as a crucial risk factor. OXLDL together with immunore-
active lymphocytes presumably plays a role in the ongoing immune processes affecting
the arterial wall [23]. The serum levels of intercellular adhesion molecule 1 ICAM-1) and
vascular cell adhesion molecule 1 (VCAM-1) correlate with disease severity in SSc. These
may contribute to the development of skin fibrosis and are able to aggravate the harmful
processes [24,25]. An organokine-like molecule called progranulin (PGRN) also takes part
in the ongoing inflammation due to the modulation of the activity of the tumor necrosis
factor o (TNF-«) signaling pathway. Cardioprotective effects of PGRN have been demon-
strated in numerous studies, although hyperprogranulinemia can also be associated with
enhanced skin fibrosis in SSc patients [26]. Furthermore, leptin can modulate inflammatory
responses, since it can upregulate the production of proinflammatory cytokines (e.g., IL-6,
IL-12, TNF-«) and may lead to the activation of immune cells such as natural killer- and
T helper 1-cells and macrophages [27,28]. Previous studies showed contradictory results
regarding the leptin levels in SSc patients [27]. Interestingly, lower leptin levels were linked
to active disease [29].

Scleroderma has poor prognosis due to severe organ involvements [30]. Nowadays,
the major causes of mortality in this population are SHI, pulmonary arterial hypertension
and their consequences [4]. As atrial arrhythmias frequently occur in SSc patients [10], the
recognition of patients with elevated arrhythmia risk is particularly important. The aim of
our study was to determine the potential risk markers of atrial arrhythmias and examine
the correlations between clinical markers and laboratory parameters in patients with SSc.

2. Materials and Methods
2.1. Patients

The study population was made up of 26 SSc patients and 36 healthy controls, who
were between 18 and 70 years of age. Patients with any type of diabetes mellitus, structural
heart diseases, atrial fibrillation or the history of any other kind of arrhythmia events were
excluded from the study. Patients with hypothyroidism could enter the study if they were
in a stable euthyroid state. Inclusion and exclusion criteria of the examined SSc population
are summarized in Table 1.

Table 1. Inclusion and exclusion criteria for the study enrollment.

Inclusion Criteria Exclusion Criteria
age above 18 years existing diabetes mellitus
age under 70 years presence of structural heart diseases

arrhythmia events, especially atrial fibrillation

isti temic scl i . . .
existing systemic sclerosis in past medical history

euthyroid state presence of untreated hypothyroidism

normal base blood pressure values presence of untreated hypertension

Written informed consent was obtained from all participants before study entry. The
Medical Research Council and the Hungarian Ministry of Human Resources (Deputy
State Secretary for National Chief Medical Officer, Department of Health Administra-
tion) approved our study protocol (number of approvals: 21325-2-1/2017/EKU, 11920-
2/2017/BUIG and 19927-1/2018/EKU). We performed our investigations according to the
Declaration of Helsinki.
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2.2. Echocardiography

Transthoracic echocardiography was performed by using a Philips HDI ATL 5000
imaging system (Philips ATL ULTRASOUND INC., Washington, DC, USA) and a 3.5 MHz
transducer (Acuson Sequoia C 256 Mountain View, Siemens Medical Solutions USA, Moun-
tain View, CA, USA). During our examinations, we used 2D, M-mode, pulsatile and
continuous wave Doppler techniques to determine the parameters describing the systolic
and diastolic function of the right and left sides of the heart. In addition to the left atrial
diameter, we measured the value of the left atrial area, the diameter of the inferior vena
cava, the right ventricular systolic pressure, the TAPSE indicating the right ventricular
systolic function and the mitral E/ A and the left ventricular filling pressure (E/e’) by means
of the tissue Doppler technique.

2.3. Electrocardiography

We gained a standard 12-lead surface electrocardiogram (ECG) and a digital ECG
from every patient. Digital ECG recordings were obtained and analyzed with the use of
CardioSys Plus ECG analyzing hardware and software (MDE GmBH, Walldorf, Germany).
During the ECG analysis, we determined the P wave interval (P int), maximal P wave
interval (P max) and P wave dispersion (Pd) with the help of CardioSys software (CardioSys
CA-12, Logirex Kft., Budapest, Hungary) [31,32]. The program calculates the P wave
interval as an average of five consecutive P waves in every lead. The maximal P wave
interval is determined as the longest P wave in the given lead. In the results section, we
highlight the P interval (P int) and maximal P interval (P max) values determined from
the analysis of standard lead II, because these are the most reliable for the comparison of
different ECG recordings based on previous studies [33]. Furthermore, P wave dispersion
has been calculated as the difference between the longest and the shortest P wave intervals
in the 12 leads of the electrocardiogram [34,35]. Moreover, 24-h Holter ECG monitoring was
performed with three-channel CardioMera ECG-Holter monitors (MediTech Kft, Budapest,
Hungary) using CardioVisions software (CardioVisions 1.30.2, MediTech Kft, Budapest,
Hungary), where average heart rate, average RR cycle length, time- and frequency-based
heart rate variability, arrhythmia events and conduction disorders were evaluated.

2.4. Laboratory Parameters

Routine laboratory parameters were determined from fresh sera according to the
standard laboratory protocols at the Department of Laboratory Medicine of the University
of Debrecen. Besides serum electrolyte levels, the scleroderma autoantibody profile, the
cardiac troponin T, creatine-kinase, NT-proBNP levels, and the thyroid and kidney function,
lipid profile, CRP level and blood cell counts of the patients were also measured.

The soluble form of VCAM-1 (sVCAM-1), the soluble form of ICAM-1 (sICAM-1) and
serum PGRN, leptin and oxLDL levels were determined with the ELISA method at the Re-
search Laboratory of the Division of Metabolism, Department of Internal Medicine, Faculty
of Medicine at the University of Debrecen (human PGRN ELISA kit: Cat. No. RMEE103R,
BioVendor, Brno, Czech Republic; human sVCAM-1, sICAM-1 and leptin ELISA kits: Cat.
No. DVC00, DCD540 and DLP00, R&D Systems Europe Ltd., Abington, UK; oxLDL:
Cat. No. 10-1143-01, Mercodia AB, Uppsala, Sweden). LDL and HDL subfractions were
determined based on an electrophoresis on polyacrylamide gel, termed Lipoprint® (Quan-
timetrix Corp., Redondo Beach, CA, USA). This method distributes lipoprotein subfractions
based on their size. During the LDL lipoprotein test (Quantimetrix Corp., Cat. No. 48-
7002, Redondo Beach, CA, USA), the percentages of very low-density lipoprotein (VLDL),
intermediate-density lipoprotein (IDL; MID-A, -B and —C) and up to seven LDL subfrac-
tions were measured. The small LDL percentage was calculated from the mean ratios of
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LDL 3-7 subfractions, while the large LDL percentage was defined as the average of the
ratio of LDL 1-2 subfractions. In addition, we evaluated ten HDL subfractions during the
HDL lipoprotein test (Quantimetrix Corp., Cat. No. 48-9002, Redondo Beach, CA, USA).
The large HDL was calculated from the average of HDL 1-3 subfractions, the intermediate
HDL group from HDL 4-7 subfractions, and the small HDL from HDL 8-10 subfractions.
With the help of Lipoware Image SXM v.1.82 Software (Quantimetrix Corp., Redondo
Beach, CA, USA), we also calculated the absolute quantities of these parameters using the
actual total cholesterol and HDL-C values [36]. The mean LDL size was also determined
with Lipoware software. Liposure normal control (provided by Quantimetrix corp., Cat.
No. 48-7060, Redondo Beach, CA, USA) was used as a standard in each electrophoresis.

2.5. Statistical Analysis

Statistical analysis was performed by using GraphPad Prism software (version 9.1.1.
(225), GraphPad Software, San Diego, CA, USA). Basic descriptive statistics (arithmetic
mean, median, 90 and 95% confidence intervals and different quartile values) are described.
The normality of the data was checked by applying the Kolmogorov-Smirnov test. To
investigate the possible significant difference between the statistical variables, we used
ordinary one-way ANOVA (analysis of variance). Pairwise comparisons were made with
t-tests in the case of normal and Mann-Whitney tests in the case of non-normal distribution.
Welch correction was added in case of significant differences between the calculated vari-
ances. The difference between categorical variables was calculated with the Chi-squared
test. Correlations between the variables were analyzed using Pearson’s test in the case of
normal distribution and Spearman’s rank test in the case of non-normally distributed data.
The level of statistical significance was p < 0.05.

3. Results
3.1. Clinical Parameters

Clinical parameters of the enrolled 26 SSc patients and 36 age-, gender- and BMI-
matched healthy controls are summarized in Table 2. The ratio of patients who took
statin regularly did not differ significantly between the subgroups. Twelve scleroderma
patients suffered from the limited cutaneous form, while fourteen suffered from the diffuse
cutaneous form of the disease. The average time elapsed from the diagnosis was 4.1 years,
while 6.5 years passed before the detection of the first clinical symptoms on average.

Table 2. Basic clinical characteristics of the examined populations.

SSc Patients Control Group
(n=26) (n = 36) p Values
ratio of female patients 20/26 25/36 n.s.
BMI 24.96 +4.93 28.11 + 797 n.s.
age 56.82 +2.27 53.21 + 3.61 n.s.
statins among medications 7/26 5/36 n.s.

Main Properties of Our SSc Population

type of SSc 12/26 1¢SSc, 14/26 dcSSc
time from diagnosis 4.1 &= 1.8 years
time from first symptoms 6.5 £ 2.1 years

In this table, we highlight the time elapsed from the diagnosis and the emergence of the first clinical symptoms
to our examinations. BMI: body mass index, 1cSSc: limited cutaneous scleroderma, dcSSc: diffuse cutaneous
scleroderma, n.s.: not significant.
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3.2. Electrocardiographic Findings

Regarding the ECG markers, we found that the P wave interval (P int) and the maximal
P wave interval (P max) significantly lengthened in the case of SSc patients compared to
healthy controls (P int: 69.11 + 13.4 msec vs. 92.92 + 18.2 msec, p < 0.0001; P max:
102.8 & 15.3 msec vs. 113.5 &£ 20.9 msec, p < 0.05). Interestingly, P wave dispersion (Pd),
characterizing the spatial inhomogeneity of the atrial myocardium, was not significantly
different between the two groups of patients (43.14 & 9.6 msec vs. 44.08 = 10 msec, p = 0.71)
(Figure 1).

[a] [8] [c]

et —_— —

% %k %k % * n.s.
150 200- 809 r———
o °
‘ N 150 60- H
2 1004 o &o g e, 2 = .i% ﬁ%;
»n ' 3
g =y = | g% T i, | wp e
- 0 o] ~ °§
= ] ‘% = °
& 50 ° E o ° & ® o
. .’ A o an ° °o
50 20+ °
0 T T 0 T T 0 T T
control SSc control  SSc control  SSc
o] [€]
n.s. * %
— 40
,g 50 ) ° o
£ : = g 307 ‘
5 40 9 S .
2 ] = ° »°
2 g 204
g g 5 ol
S 0 o® < %8
20 T T 0 T T
P gy sy | [S<PN ansdnnl QA
Lolnu vl D00 LuIluvi SISl

Figure 1. (A-C): Pairwise comparisons of atrial arrhythmia risk markers between the control and
SSc groups. (D,E): Echocardiographic parameters describing the size of the left atrium in the control
and SSc groups. LA: left atrium, P int: P wave interval, P max: maximal P wave interval, Pd: P wave
dispersion. * p < 0.05; ** p < 0.01; **** p < 0.0001; n.s.: not significant.

In our study, 24-h Holter ECG examinations were performed. There was no significant
difference in the ratio of supraventricular premature beats between the studied groups.
In the control group, we detected mainly sinus tachycardia episodes. Importantly, in
the SSc group we observed paroxysmal atrial fibrillation in four patients (an average of
3.2 episodes/person with an average duration of 1.5 h during the 24-h detection period).
In two patients, we registered paroxysmal supraventricular tachycardia (AVNRT) episodes
(an average of 2.6 arrhythmia events/person, with a mean duration of 5.3 min).
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3.3. Echocardiographic Results

Regarding echocardiographic parameters, we did not find a significant difference
between the left atrial diameter values (37.2 £ 3.78 mm vs. 39.1 £ 4.5 mm, p = 0.075),
while the left atrial area was significantly higher in SSc patients compared to controls
(13.2 £ 2.9 cm? vs. 16.1 & 4.6 cm?, p < 0.01, Figure 1). Further electrocardiographic and
echocardiographic parameters are summarized in Table 3. Additional statistical data about
electrocardiographic and echocardiographic parameters are available as a Supplementary
Material in Table S1.

Table 3. Electrocardiographic and echocardiographic parameters of the examined populations. Data
are presented as mean =+ standard deviation.

Electrocardiographic SSc Patients Control Group

Parameters (n =26) (n =36) p Values
P wave interval (msec) 9292 £18.2 69.11 £ 134 Ak
P max (msec) 113.5 +20.9 102.8 +15.3 *
P wave dispersion (msec) 44.08 £ 10 43.14 £ 9.6 n.s.
PP distance (msec) 910.61 + 115.7 903.63 + 143 n.s.
PQ interval (msec) 149.6 4+ 25.37 142.3 + 155 n.s.
Echocardiographic

Parameters

LA diameter (mm) 39.1+45 372 +3.78 n.s.
LA area (cm?) 16.1 £ 4.6 132 £29 **
VCI (mm) 153 +2.13 141 +£22 n.s.
mitral E/A (cm/sec) 1.6 +0.46 1.29 + 0.38 n.s.
E/e 1239 £ 39 8.88+19 el
TAPSE (mm) 26 + 5.38 30 + 3.8 e
RVP (mmHg) 198 £7 16.7 £ 4.38 *
EF (%) 56 + 6.1 58.8 4+ 5.7 n.s.
EDLVD (mm) 502 £11.6 488 +£5 n.s.

LA: left atrium, VCI: inferior vena cava, E/e”: estimated left ventricular filling pressure, TAPSE: tricuspid annular
plane systolic excursion, RVP: right ventricular pressure, EF: left ventricular ejection fraction, EDLVD: end-diastolic
left ventricular diameter, * p < 0.05; ** p < 0.01; *** p< 0.001; **** p < 0.0001; n.s.: not significant.

Both the left atrial area and left atrial diameter showed a positive correlation with the
P wave interval, but it only reached the level of significance in the case of the left atrial
diameter (r = 0.35, p = 0.07; r = 0.47, p < 0.05, respectively).

3.4. Laboratory Results

Apo A-llevels were lower in scleroderma patients than in the controls (1.41 = 0.2 g/L
vs. 1.52 £ 0.22 g/L, p < 0.05), but the Apo-B and Lp (a) levels were not significantly different
between the groups (1.06 £ 0.25 g/L vs. 0.99 & 0.25, p = 0.15; 65 (35-138) mg/L vs. 64.5
(32.25-112.3, p = 0.24) mg/L, respectively, Table 4). There was no significant difference
between the scleroderma and the control groups regarding the LDL/HDL-cholesterol
ratio, Apo B/Apo A-I ratio and atherogeneity index. The oxLDL level was lower in SSc
patients than in the controls, but this difference did not turn out to be statistically significant
(673 £18.72U/L vs. 74.54 £ 18.1 U/L, p = 0.28, Table 4).
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Table 4. Summary of the laboratory parameters of the examined patients.
SSc Patients Control Group p Values
CRP (mg/L) 5.04 - 1.07 2.69 +0.96 *
HScTnT (ng/L) 17.8 (9.5-27.75) 8 (5-10) **
CK (U/L) 101.65 + 50.2 157.31 £ 85.7 *
NT-proBNP (ng/L) 120 (80-374) 43 (17-70) ok
sTSH (mU/L) 1.67 £0.43 197 £0.74 n.s.
fT3 (pmol/L) 478 £ 04 512 +1.51 n.s.
fT4 (pmol/L) 15.78 £ 2.62 1547 £2 n.s.
sICAM-1 (ng/mL) 2302 +76.4 186.4 £ 32.06 **
sVCAM-1 (ng/mL) 655.7 + 109.14 586.2 + 98.12 *
PGRN (ng/mL) 37 £9.09 36.3 £ 6.25 n.s.
TG (mmol/L) 147 £0.8 1.85£1 n.s.
TC (mmol/L) 4.86 + 0.95 5.59 +1.07 **
LDL-C (mmol/L) 2.99 £ 0.62 343 +£0.77 *
HDL-C (mmol/L) 1.34 £0.29 1.39 £ 0.34 n.s.
Apo A-1(g/L) 141 £02 1.52 £0.22 *
Apo B (g/L) 0.99 +£0.25 1.06 £0.25 n.s.
Lp(a) (mg/L) 64.5 (32.25-112.3) 65 (35-138) n.s.
small HDL % 2203 +£7.2 23.33 £ 6.6 n.s.
intermediate HDL % 48.56 = 4 50.54 £ 3.87 *
large HDL % 29.42 £+ 89 26.14 £7.16 n.s.
IDL % 2425+ 3.8 19.39 £3.3 ok
VLDL% 18.78 2.9 20.02 £ 3.6 n.s.
large LDL % 2825+ 54 31.92 £ 445 **
small LDL % 1.89 £2.23 0.25 £ 0.39 e
mean LDL size (nm) 27.04 + 0.03 26.81 + 0.05 n.s.
oxLDL (U/L) 67.3 £ 18.72 74.54 £ 18.1 n.s.
leptin (ng/mL) 14.17 (5.64-31.53) 9. 8(5.7-18.01) n.s.

Data are presented as mean = standard deviation or median and interquartile range. HScTnT: high sensitivity
cardiac troponin T, NT-proBNP: N-terminal pro brain natriuretic protein, CK: creatine-kinase, CRP: C-reactive
protein, sTSH: supersensitive thyroid stimulating hormone, fT3: free triiodothyronine, fT4: free thyroxine, TG:
triglyceride, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein
cholesterol, Lp (a): lipoprotein a, Apo A-I: apolipoprotein A-I, Apo B: apolipoprotein B, ox LDL: oxidized LDL,
VLDL: very low-density lipoprotein, IDL: intermediate-density lipoprotein, * p < 0.05; ** p < 0.01; *** p < 0.0001;
n.s.: not significant.

3.5. Correlations Between Parameters

Among laboratory parameters, the NT-proBNP and CRP levels showed a significant
positive correlation with the P wave interval (r = 0.24, p < 0.05; r = 0.36, p < 0.05, respectively).
Serum PGRN levels did not show significant correlations with P int, while the SICAM-1
and the sVCAM-1 levels correlated positively with P int (PGRN: r = —0.003, p = 0.99;
sICAM-1: r = 0.78, p < 0.001; sVCAM-1: r = 0.17, p < 0.01). During the investigation of
the correlations between lipid parameters and atrial arrhythmia risk markers, we found
a significant positive correlation between the P wave interval and LDL-C levels (r = 0.49,
p < 0.01, Figure 2). Furthermore, the oxLDL level correlated positively with the P wave
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CRP (mg/l)

dispersion among scleroderma patients (r = 0.26, p < 0.05, Figure 2). The serum leptin level
also showed a significant positive correlation with the value of the maximal P wave interval
(r=0.62, p <0.001, Figure 2).
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Figure 2. Correlations of the atrial arrhythmia risk markers with the different examined parameters in
SSc patients. (A): Correlation between the CRP and P wave interval. (B,C): Correlations between the
levels of adhesion molecules and P wave interval. (D-F): Correlations of different lipid parameters
and adipokines with the atrial arrhythmia risk markers. CRP: C-reactive protein, sSICAM-1: soluble
ICAM-1, sVCAM-1: soluble VCAM-1, Apo A-I: apolipoprotein A-1, LDL-C: low-density lipoprotein
cholesterol, oxLDL: oxidized low-density lipoprotein, P int: P wave interval, P max: maximal P wave
interval, Pd: P wave dispersion. * p < 0.05; ** p < 0.01; *** p < 0.001.

During the Lipoprint analyses we found that the IDL percentage was significantly
higher in scleroderma patients compared to the control group, while there was no significant
difference regarding VLDL percentage (Table 4). Interestingly, the ratio of large LDL
subfractions was significantly lower in scleroderma patients (31.92 £ 4.45% vs. 28.25 £+ 5.4;
p > 0.01). Small LDL subfractions were not different between the scleroderma and the
control groups (Table 4). In our study, we found a tendency to lower mean LDL size in
the controls compared to SSc patients, but a statistically significant difference could not be
revealed (27.04 &£ 0.03 vs. 26.81 & 0.05, p = 0.06, Table 4). The mean large HDL percentage
was higher, while the intermediate and small HDL percentages were lower in scleroderma
patients compared to the controls. Only the intermediate HDL-C showed a statistically
significant difference (50.54 £ 3.87% vs. 48.56 £ 4%; p < 0.05) (Table 4). Furthermore,
sVCAM-1 and serum PGRN levels showed significant negative correlations with the large
HDL percentage (r= —0.41, p < 0.05; r = —0.35, p < 0.05, respectively). On the contrary, the
small HDL percentage correlated positively with the serum PGRN levels in SSc patients
(r=0.42,p <0.05).

We also investigated the potential associations between electrocardiographic parame-
ters and lipid subfractions. The P wave interval showed significant negative correlation
with the small HDL percentage, whilst it was correlated positively with the large HDL
percentage (r = —0.41, p = 0.037; r = 0.39, p = 0.049, respectively, Figure 3). Interestingly, a
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(=]

small HDL %

significant positive correlation was found between the P wave interval and the Apo-A-1
levels (r = 0.54, p < 0.01; Figure 3).
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Figure 3. (A): The P wave interval correlated negatively with the small HDL percentage. (B): The P
wave interval showed a positive correlation with the large HDL percentage. (C): The Apo A-Ilevel
was found to be positively correlated with the P wave interval. HDL: high-density lipoprotein, P int:
P wave interval, Apo A-I: apolipoprotein A-I, * p < 0.05; ** p < 0.01.

Furthermore, the P wave dispersion showed a positive correlation with the VLDL
percentage (r = 0.28, p = 0.03). In addition, we found a significant negative correlation
between the IDL percentage and the P wave interval (r = —0.43, p = 0.03). These correlations
were not observed in the control group.

4. Discussion

Due to the electrical inhomogeneity of the myocardial tissue caused by ongoing fi-
brotic and inflammatory processes, we can expect an increased risk for atrial arrhythmias in
patients with scleroderma. This is supported by international literature and confirmed by
our results [13], showing increased P wave interval and P wave dispersion in SSc patients
compared to the controls. Based on several studies, SSc patients demonstrate frequent
supraventricular premature beats during 24-h Holter ECG recordings [37,38]. In our in-
vestigation, atrial premature beats were also detected during Holter electrocardiography;
however, no significant difference was found between the SSc group and the controls. Even
though our SSc patients had no previous history of arrhythmia events, we detected sinus
tachycardia episodes (15 episodes/person in average), paroxysmal supraventricular tachy-
cardia (AVNRT) events and paroxysmal atrial fibrillation episodes, proving the increased
risk for atrial arrhythmias in patients with scleroderma.

Left atrial dilation may lead to higher risk of supraventricular arrhythmias. Echocar-
diography is one of the most useful methods to describe the size of the left atrium. Left
atrial diameter determined from the parasternal long axis view with the help of 2D and
M-mode examinations is an accurate, reproducible parameter, which is suitable for statisti-
cal analyses [39,40]. However, sometimes the left atrium has a spatial asymmetry, which
negatively affects the sensitivity of this measurement [41]. Therefore, determining the left
atrial area can provide a more accurate and reproducible estimation. In our study, we found
that both the left atrial diameter and the left atrial area correlated positively with the P wave
interval, suggesting a role of the left atrial size in the genesis of atrial rhythm disturbances.

Scleroderma patients may have an elevated serum CRP level compared to healthy
controls [21], which has also been confirmed in our present study. Additionally, we found
a positive correlation between the CRP levels and the P wave interval, which highlights the
unfavorable effect of inflammatory processes on atrial arrhythmia susceptibility.
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In our study, lower Apo-A-I levels were detected in the scleroderma group compared
to the control, where Apo-A-I levels were shown to be within the normal range. In a
previous study, low Apo-A-I levels showed a significant correlation with the QTc interval
in SSc patients, showing an increased risk for ventricular arrhythmia susceptibility [38]. In
another study by Zhong et al., low Apo-A-I levels increased the risk for atrial fibrillation in
those individuals who did not take statins regularly [42]. On the contrary, we found that
the ratio of large HDL and the Apo-A-Ilevel showed a significant positive correlation with
the P wave interval, suggesting that Apo-A-I and large HDL levels may also be associated
with an increased risk for atrial arrhythmias in this population. Apo A-I is one of the most
important structural proteins of the HDL molecule, from which small HDL particles usually
contain 2 molecules, while the larger HDL particles may contain as many as 5-7 molecules,
so the large HDL has a higher Apo A-I content [43]. Previous studies showed significant
differences in the quality and quantity of further HDL-associated proteins between the
HDL subfractions. The human paraoxonase 1 and 3, with known antioxidant activity,
and the antiatherogenic apolipoprotein M and sphingosine-1-phosphate can be detected
mainly on the small HDL particles, while the proatherogenic apolipoprotein B and «-2
macroglobulin are bound to the large HDL particles [44,45]. These differences in the protein
composition between the subfractions may explain our observation according to which the
large HDL subfractions and the Apo A-I correlate positively with arrhythmia markers.

The lipid paradox described in autoimmune disease [22] could also be detected in our
scleroderma patients, who demonstrated lower LDL-C levels compared to the controls. This
observation may be the consequence of the lipid level lowering effect of the ongoing inflam-
matory disease. Interestingly, decreased LDL-C levels were found to be associated with the
development of atrial fibrillation in the general population, which supports the observation
that the use of statins does not decrease the risk for atrial fibrillation [46]. Furthermore, we
detected a negative correlation between the LDL-C level and the P wave interval in the
control group (r = —0.35; p = 0.056). Conversely, LDL-C levels correlated positively with
the P wave interval in SSc patients. This may suggest that the autoimmune inflammatory
process can influence the effects of lipid levels on arrhythmia risk. Moreover, we conclude
that the lipid lowering therapy and lipid goal attainment can be more important in the
reduction in the atrial arrhythmia risk in SSc patients than in healthy subjects.

Previously, our research group demonstrated that LDL-C, TG and Apo B levels corre-
lated positively with the QT dispersion, which indicates elevated ventricular arrhythmia
risk [47]. Consequently, dyslipidemia may increase the ventricular arrhythmia risk presum-
ably due to its effect on the cell membrane function and composition [47].

In our study, during the evaluation of LDL and HDL subfractions, we found signif-
icantly lower large LDL percentages and intermediate HDL percentages in scleroderma
patients than in healthy controls. This difference in the lipid profile can play a role in the
occurrence of arrhythmia events, since the P wave interval showed a negative correlation
with the small HDL percentage, while it correlated positively with the large HDL percent-
age. In comparison with healthy subjects, Gadl et al. found decreased concentrations of all
HDL subfractions in patients with systemic lupus erythematosus [48]. This highlights that
our observation does not apply to each autoimmune disease.

In addition, the triglyceride-rich lipoprotein IDL percentage was significantly higher
in SSc patients compared to the control group. In patients with multiple sclerosis, increased
IDL levels and the IDL-C level are associated with increased cardiovascular risk and corre-
lated with the elevated systolic blood pressure, respectively [49]. Liu et al. demonstrated
that the elevated IDL levels are associated with the progression of carotid atherosclero-
sis [50].
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We also demonstrated that sVGCAM-1, sSICAM-1 and serum PGRN levels showed
significant negative correlation with a large HDL percentage. On the other hand, a small
HDL percentage showed a positive correlation with the PGRN level. Nadr¢ et al. also
found a positive correlation between a small HDL percentage and the PGRN levels, and
a negative correlation between a large HDL percentage and the PGRN in patients with
familial hypercholesterinemia [51]. They assumed that the PGRN exerts its antiatherogenic
effects by influencing the composition of the HDL.

Previously, lower mean LDL size was detected in patients with early rheumatoid
arthritis compared to controls [52]. In our study, the mean LDL size was also lower in the
SSc group, but the difference between the SSc and control groups did not reach the level of
statistical significance.

The serum leptin level in SSc patients was higher, but the difference between the
patients and controls (14.17 ng/mL vs. 9.81 ng/mL, p = 0.41) did not reach the level of
significance, which is in agreement with previous results [27]. Of note, the serum leptin
level of scleroderma patients showed a significant positive correlation with the maximal P
wave interval, which can be related to the proinflammatory effect of the leptin [53]. Based
on these observations, we can assume that leptin, due to its proinflammatory property, may
exert an arrhythmogenic effect in SSc patients.

5. Conclusions

Atrial arrhythmias frequently occur in scleroderma patients compared to the general
population [10]; thus, the recognition of high-risk patients is of particular importance.
Based on our results, certain electrocardiographic and echocardiographic markers, together
with the measurement of serum PGRN, sVCAM-1, sSICAM-1, leptin, CRP, LDL-C, oxLDL,
LDL and HDL subfractions, can provide valuable information regarding atrial arrhythmia
risk in SSc patients.

Our results highlight that different lipid compositions among scleroderma patients and
healthy controls correlate in an altered way with atrial electrocardiographic markers. This
observation suggests that autoimmune inflammatory processes may differently influence
the effects of lipids on atrial arrhythmia susceptibility in scleroderma patients. Further
investigations are needed to elucidate these assumptions.
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