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Introduction: Rheumatic connective tissue diseases (RCTDs) are chronic systemic autoimmune disorders frequently complicated by
cardiovascular involvement, which represents a major cause of morbidity and mortality. Subclinical cardiac manifestations may remain
unrecognized and may be associated with systemic inflammation and laboratory abnormalities.

Objective: To evaluate the prevalence and characteristics of cardiac manifestations in patients with RCTDs and to assess their
association with serological status and selected hematological and biochemical parameters.

Methods: This observational study included 110 adult patients hospitalized and treated for rheumatic connective tissue diseases over
a one-year period. Patients were classified into seropositive and seronegative groups based on autoantibody profiles. All participants
underwent clinical evaluation, electrocardiography, and transthoracic echocardiography. Hematological, inflammatory, biochemical,

electrolyte, enzyme, and serum protein parameters were analyzed.

Results: Cardiac involvement was more frequently observed in seropositive patients and increased significantly with age. Ventricular
hypertrophy and atrioventricular or intraventricular conduction disturbances were the most common abnormalities in this group.
Seropositive patients showed significantly lower hematocrit, hemoglobin, calcium, and albumin levels, as well as higher erythrocyte
sedimentation rate, fibrinogen, triglycerides, lactate dehydrogenase, and serum urea levels. In the seropositive group, demonstrated
significant negative correlations with hematocrit, hemoglobin, albumin, and calcium.

Conclusion: Seropositive rheumatic connective tissue diseases are associated with a higher prevalence of subclinical cardiac involvement
and distinct laboratory abnormalities reflecting chronic inflammation and myocardial remodeling. Integrated cardiovascular assessment
combined with laboratory evaluation may facilitate early detection of cardiac involvement in this patient population.
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Introduction

Rheumatic connective tissue diseases (RCTDs) comprise
a heterogeneous group of chronic systemic inflammatory
disorders characterized by autoimmune-mediated tissue
damage, multi-organ involvement and overlapping patho-
genesis and clinical features [1].

Cardiovascular involvement is a well-recognized complica-
tion and a major contributor to morbidity and mortality
among this diverse group of diseases [2].

Chronic systemic inflammation plays a central role in
vascular dysfunction, thereby accelerating cardiovascular
comorbidities and immune-mediated myocardial injury,
particularly in seropositive connective tissue diseases, such
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as rtheumartoid arthritis, systemic lupus erythematosus, sys-
temic sclerosis, and mixed connective tissue disease [3, 4].
In these conditions, all structures of cardiovascular system
may be affected, including the pericardium, myocardium,
cardiac valves, conduction system and vasculature [5].
Although cardiovascular involvement has been document-
ed across individual RCTDs, data comparing cardiac man-
ifestations between seropositive and seronegative patient
populations remain inconsistent. Differences in immuno-
logical profiles may influence the pattern and severity of
cardiac involvement; however, they are not fully clarified
in routine clinical practice, particularly when it is about
serological status and subclinical myocardial remodeling,
functional impairment, and associated laboratory abnor-
malities.

The aim of this study was to evaluate the prevalence and
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characteristics of cardiac manifestations and their associa-
tion with laboratory parameters according to serological
status in patients with rheumatic connective tissue diseases.

Materials and methods

This observational study was conducted at the Clinical
Center of the University of Sarajevo, Department of Car-
diology, Vascular Diseases, and Rheumatology. Patients
hospitalized and treated for rheumatic connective tissue
diseases during a one-year period were included.

A total of 110 patients of both sexes, aged 18 - 86 years,
were enrolled.

Inclusion and exclusion criteria

Inclusion criteria were age 218 years, documented and a
diagnosis of RCTD according to the American College
of Rheumatology/European Alliance of Associations for
Rheumatology (ACR/EULAR) classification criteria [6-8].
Exclusion criteria included age<18 years, documented car-
diac disease prior to the rheumatic disease diagnosis, and
incomplete clinical or laboratory data.

Data and sample collection

Demographic characteristics, disease duration, and routine
laboratory parameters were collected from medical records.
Disease duration was defined as the time from initial diag-
nosis to study inclusion.

Laboratory analyses included complete blood count, in-
flammatory markers, lipid profile, serum proteins, pa-
rameters of renal function, electrolytes, non-specific tissue
markers (LDH, CK), and immunological markers.

Immunological assessment

Patients were classified according to serological status
based on immunological testing results.

The seropositive group was defined as patients with
the presence of at least one autoantibody associated with
connective tissue diseases, including antinuclear antibod-
ies (ANA), anti-cyclic citrullinated peptide antibodies
(aCCP), rheumatoid factor (RF), anti-double-stranded
DNA antibodies (anti-dsDNA), anti-Sm, anti-Jo-1, anti-
Scl-70, anti-Ro (anti-SSA) or anti-La (anti-SSB).

The seronegative group was defined as patients without
detectable autoantibodies associated with connective tissue
diseases.

For descriptive purposes, underlying diagnoses were also
recorded, including rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), systemic sclerosis (SSc) and
mixed connective tissue disease (MCTD) which were clas-
sified as seropositive connective tissue diseases, as well as
ankylosing spondylitis (AS) and psoriatic arthritis (PsA),
which were classified as seronegative conditions.

Importantly, serological classification was based on au-
toantibody status rather than underlying diagnosis.
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Electrocardiographic and echocardiographic assess-
ment

All patients underwent a standard 12-lead electrocardio-
gram using a Schiller AT-1 electrocardiograph (Switzer-
land). ECG parameters included heart rate, conduction
disturbances, ectopic rhythm disturbances, and ischemic
changes.

Transthoracic echocardiography was performed using a
Philips Affiniti 50 system in B-mode, M-mode, and color
Doppler mode.

Assessed parameters included diameter of the aortic root,
left atrial diameter, interventricular septal thickness, poste-
rior wall thickness, left ventricular ejection fraction, early
(E) and late (A) diastolic filling velocities, and maximal
flow velocities.

Statistical analysis

Data were analyzed using descriptive and inferential sta-
tistical methods. Continuous variables were expressed as
mean with standard deviation or median with interquartile
range, depending on distribution. Normality was assessed
using the Shapiro-Wilk test. Group comparison was per-
formed using Student’s t-test or the Mann-Whitney U test,
as appropriate. Categorical variables were analyzed using
the chi-square test or Fischer’s exact test. Correlations were
assessed using Spearman’s rank correlation coefficient. A p-
value <0.05 was considered statistically significant.

Ethical statement

This study had a cross-sectional design and was conducted
retrospectively using anonymized data. In accordance with
institutional and national regulations, ethical approval was
not required. The study was conducted in compliance with
the principles of the Declaration of Helsinki.

Results

Baseline characteristics of the study population

A total of 110 patients were included in the study, of whom
21 (19.1%) were male and 89 (80.9%) were female.
According to serological status, 95 patients (86.4%) were
classified as seropositive and 15 patients (13.6%) as seron-
egative. In the seropositive group, females predominated,
with 82 women (86.3%) and 13 men (13.7%). In con-
trast, the seronegative group showed a more balanced sex
distribution, with 8 men (53.3%) and 7 women (46.7%).
The difference in sex distribution between the seroposi-
tive and seronegative groups was statistically significant
(x?=13.065, p<0.01), indicating a statistically significant
association between serological status and sex. Rheumatoid
arthritis was the most prevalent diagnosis (n=72; 65.45%),
followed by the mixed connective tissue disease with sys-
temic lupus erythematosus (n=16, 14.54%), psoriatic ar-
thritis (n=9, 6.37%), systemic sclerosis (n=7, 6.36%), and
ankylosing spondylitis (n=6, 2.73%). The distribution

of rheumatic connective tissue diseases differed signifi-
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cantly between sexes (p=0.017). Rheumatoid arthritis and
MCTD and SLE were more prevalent in female patients,
whereas ankylosing spondylitis was more frequently ob-
served in male patients.

Seropositive patients were predominantly older, with
the highest proportions in the 51-60 and 61-70-year age
groups, whereas seronegative patients were more frequent-
ly observed in younger age groups, particularly between 31
and 40 years.

No statistically significant difference was observed in dis-
ease duration between seropositive and seronegative pa-
tients (x?=2.02, p=0.567). In both groups, the majority
of patients had a disease duration of 1-5 years. Seroposi-
tive patients most frequently had a disease duration of 1-5
years (56.7%), followed by 6-10 years (17.6%) and more
than 15 years (17.6%). A similar distribution was observed
among seronegative patients, with 46.7% having disease

Table 1. Laboratory parameters according to serological status
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larly, hemoglobin levels were significantly higher in the
seronegative group (median 126.0 g/L, IQR 119.5-148.5)
compared to seropositive group (median 122.0 g/L, IQR
110-130), p=0.0069.

Serum chloride levels were significantly lower in seron-
egative patients compared with seropositive patients
(p=0.040), while serum calcium levels were significantly
lower in the seropositive group (p<0.01). Lactate dehy-
drogenase (LDH) levels were significantly higher in se-
ropositive patients compared with seronegative patients
(p=0.012).

Serum urea concentrations were significantly higher in
seropositive patients compared with seronegative patients
(p=0.018). In contrast, serum albumin levels were signifi-
cantly lower in the seropositive group (p=0.048). Seroposi-
tive patients showed higher median levels of triglycerides
compared to seronegative group (p=0.001) (Table 1).

Parameter Seropositive values (N=95) Seronegative values (N=15) p value Significance
RBC (1012/1) 4.27 (+0.50) 4.87 (+0.60) 0.840 NS
WBC (109/1) 6.88 (5.74-8.22) 8.33 (+2.56) 0.088 NS
PLT (109/1) 302.5 (236.00-78.00) 290.00 (£73.22) 0.618 NS
Hct (%) 37.26 (+4.76) 41.02 (+4.63) 0.018 *
Hgb (g/1) 122.00 (110.00-130.00) 126.00 (119.50-148.50) 0.006 >
Sodium (mmol/L) 140.00 + 23.17 139.0 + 3.07 0.298 NS
Potassium (mmol/L) 4.10 (3.80-4.30) 4.20 (3.90-4.45) 0.351 NS
Chloride (mmol/L) 102.00 (100.00-103.00) 99.6 + 3.24 0.040 *
Calcium (mmol/L) 2.24 (2.17-2.33) 2.33 (2.30-2.72) 0.000 e
AST (U/L) 16.00 (13.00-20.00) 15.00 (13.50-18.00) 0.890 NS
ALT (U/L) 13.00 (9.10-17.00) 17.00 (11.50-24.50) 0.137 NS
LDH (U/L) 315.00 (256.00—-389.00) 240.30 + 83.71 0.012 *
CK (UL) 54.00 (37.00-91.00) 79.00 (58.00-93.00) 0.116 NS
Creatinine (umol/L) 66.0 (55.00-76.50) 69.30 + 23.10 0.768 NS
Urea (mmol/L) 5.10 (4.25-6.00) 4.30 (3.60-5.25) 0.018 *
Bilirubin (umol/L) 6.10 (4.50-7.80) 6.00 + 4.60 0.120 NS
Total protein (g/L) 73.00 (70.00-77.00) 76.10 £ 5.70 0.098 NS
Albumin (g/L) 35.00 (32.00-38.00) 37.80 +5.10 0.048 *
Globulin (g/L) 38.00 (33.00-41.00) 38.40 + 4.60 0.786 NS
ESR (mm/h) 42.00 (21.50-64.50) 21.00 (9.50-62.00) 0.117 NS
CRP (mg/l) 13.100 (4.90-31.00) 17.60 (3.00-35.65) 0.415 NS
Fibrinogen (g/l) 4.50 (3.30-5.50) 5.10 (4.30-7.90) 0.712 NS
Cholesterol (mmol/l) 5.10 (4.20-5.70) 4.40 (4.20-4.75) 0.112 NS
Triglycerides (mmol/l) 1.50 (1.22-1.92) 1.10 (0.91-1.71) 0.001 *

Continuous variables are presented as mean + standard deviation or median (interquartile range), depending on data distribution within each group.

NS, not significant. * p < 0.05; ** p < 0.01.

Abbreviations: N, number of patients; RBC, red blood cells; WBC, white blood cells; PLT. Platelets; Hct, hematocrit; Hgb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; LDH, lactate dehydrogenase; CK, creatine kinase, ESR, erythrocyte sedimentation rate; CRP, C reactive protein.

duration of 1-5 years and 33.7% of 6-10 years. The lowest
proportion of patients in both groups had disease duration
between 11 and 15 years.

Biochemical and laboratory differences according to
serological status

We observed significant differences for hematocrit (Hct)
and hemoglobin (Hgb) values between seropositive and
seronegative patients. Seronegative patients had signifi-
cantly higher median values of hematocrit (41.02 +4.63%)
compared to seropositive patients (37.26+4.76%). Simi-

In the seropositive group, we observed significant asso-
ciations between selected laboratory parameters and the
presence of cardiac manifestations, including: erythrocyte
count (p=0.013), hemoglobin levels (p=0.005), platelet
count (p=0.044), triglycerides (p=0.003), calcium levels
(p=0.014), urea (p=0.018), albumins (p=0.046).

Cardiac manifestations in patients with rheumatic con-
nective tissue diseases

In the overall study population, cardiac manifestations were
identified in 38 out of 110 patients (34.5%). Among sero-
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positive patients, 34 individuals (35.8%) exhibited at least
one cardiac manifestation, whereas 61 patient (64.2%) had
no evidence of cardiac involvement. In the seronegative
group, cardiac manifestations were observed in 4 patients
(26.7%), while the majority, 11 patients (73.3%), showed
no cardiac manifestations. Although a higher proportion
of seropositive patients showed cardiac manifestations
compared to seronegative patients, the difference did not
reach statistical significance (p>0.05).

Cardiac manifestations were analyzed across age groups
(Table 2) and showed a statistically significant association
in seropositive patients (p=0.043), with the highest preva-
lence in the 51-60 and 61-70 year age groups. In these
age groups, ventricular hypertrophy and atrioventricular/
intraventricular conduction disturbances were the most
commonly identified cardiac abnormalities. In contrast,
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seronegative patients largely showed no cardiac manifesta-
tions across all age categories (p>0.05).

The analysis of cardiac manifestations in relation to disease
duration revealed different patterns between seropositive
and seronegative patients. In the seropositive group, the
prevalence of cardiac manifestations did not differ signifi-
cantly across the disease duration (x?=2.686, p=0.487). In
seronegative group of patients, a statistically significant as-
sociation was observed between disease duration and the
occurrence of cardiac manifestations (x*=8.846, p=0.031),
that were more frequent in patients with longer disease du-
ration, particularly after more than 10 years. These results
should be interpreted with caution due to limited sample
size in seronegative group.

Rheumatoid factor (RF) demonstrated a statistically sig-
nificant association with hemodynamic valvular abnor-

Table 2. Association between age groups and cardiac manifestations according to serological status

Serological status Age group No cardiac Hemodynamic Ventricular AV/IV conduction Ectopic Ischemic
(years) manifestations disorders hypertrophy disturbances arrhythmias heart disease
N (%) N (%) N (%) N (%) N (%) N (%)
Seropositive 18-30 3(3.16) 1(1.05) 0(0) 0 (0) 0 (0) 0 (0)
31-40 4(4.2) 0(0) 0(0) 2(2.1) 0 (0) 0 (0)
41-50 9 (9.4) 2(2.1) 3(3.16) 2(2.1) 1(1.05) 1(1.05)
51-60 21 (24.5) 4(4.2) 1(1.05) 2(2.1) 1(1.05) 1(1.05)
61-70 18 (18.4) 0 (0) 4 (4.2) 2(2.1) 0 (0) 2(2.1)
>70 6 (6.3) 0 (0) 1(1.05) 4(4.2) 0 (0) 2(2.1)
Seronegative 18-30 2(13.3) 0 (0) 0(0) 2(2.1) 0 (0) 0 (0)
31-40 6 (5.4) 0 (0) 0(0) 0 (0) 0(0) 0(0)
41-50 1(1.05) 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
51-60 1(1.05) 0 (0) 0(0) 0 (0) 0(0) 0(0)
61-70 1(1.05) 0 (0) 1(1.05) 0 (0) 0 (0) 1(1.05)
>70 0(0) 0 (0) 0(0) 0 (0) 0(0) 0(0)

Abbreviations: AV, atrioventricular; IV, intraventricular; Xz, chi-square test.
Seropositive group: x?=11.916, df=5, p=0.043. Seronegative group: x?=7.265, p=0.064.

malities (p=0.023), atrioventricular and intraventricular
conduction disturbances (p=0.007), and ischemic heart
disease (p=0.042). Furthermore, RF showed a strong over-
all association with the presence of any cardiac manifesta-
tion (p<0.001) (Table 3).

A statistically significant difference was found for the left

ventricular end-diastolic diameter (LVEDD), which was
higher in seropositive compared with seronegative patients
(p=0.037) (Table 4).

In the seropositive group, statistically significant negative
correlations were observed between LVDD and hemato-
logical and biochemical parameters, including hematocrit

Table 3. Association between autoantibody profiles and cardiac manifestation in patients with rheumatic connective tissue diseases

Autoantibody Hemodynamic Ventricular AV/IV conduction Ectopic Rhythm Ischemic heart Overall cardiac
abnormalities hypertrophy disorders disorders disease manifestations
ANA NS NS NS NS NS NS
aCCP/RF NS NS NS NS NS NS
RF p =0.023 NS p =0.007 NS p = 0.042 p < 0.001
Anti-dsDNA NS NS NS NS NS NS
Anti-Sm NS NS NS NS NS NS
Anti-Scl-70 NS NS NS NS NS NS
Anti-Jo-1 NS NS NS NS NS NS
Anti-Ro/SSA NS NS NS NS NS NS
Anti-La/SSB NS NS NS NS NS NS

Abbreviations: ANA — antinuclear antibodies; RF — rheumatoid factor; aCCP - anti-cyclic citrullinated peptide; NS - not significant (p > 0.05).
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Table 4: Comparison of echocardiographic parameters according to serological status

Parameter Seropositive Seronegative p value
Ao (cm) 3.10 (2.85-3.30) 3.10 (2.95-3.30) 0.725
LA (cm) 3.63 + 0.40 3.60 (3.30-3.70) 0.562
LVEDD (cm) 4.83 £ 0.50 4.45 (4.20-4.85) 0.037*
IVSd (cm) 1.10 (1.00-1.20) 1.10 (0.90-1.20) 0.393
LVPWd (cm) 1.08 (0.90-1.20) 1.10 (0.88-1.20) 0.385
EF (%) 60 (55-62) 60 (58-62) 0.809
E/A ratio 0.90 (0.70-1.20) 0.90 (0.80-1.10) 0.836

Values are presented as mean + standard deviation or median (interquartile range), as appropriate.

Abbreviations: Ao, aortic root diameter; LA, left atrium diameter; LVEDD, left ventricular end-diastolic diameter; IVS, Interventricular septum thickness at end-diastole; EF, ejection fraction;
E/A, left ventricular diastolic filling by comparing early (E) to late/atrial (A) mitral flow velocities * p < 0.05.

(r=-0.347, p=0.016), hemoglobin (r=-0.246, p=0.017), se-
rum calcium (r=-0.234, p=0.025) and serum albumin lev-
els (r=-0.316, p<0.01). These findings indicate that lower
values of these parameters were associated with larger left
ventricular end-diastolic diameter.

Electrocardiographic parameters, including heart rate and
PQ interval, did not differ significantly between the two
groups, with values remaining within the reference range
in the majority of patients.

Discussion

Cardiovascular manifestations are a major contributor to
long-term morbidity and mortality in patients with rheu-
matic connective tissue diseases, often remaining clinically
silent until advanced stages [5].

In our study, cardiac involvement was observed in approxi-
mately one-third of patients with RCTDs, without a sig-
nificant difference in overall prevalence between seroposi-
tive and seronegative groups. These findings are consistent
with previous reports indicating that cardiac involvement
may occur across the spectrum of inflammatory rheumatic
diseases, regardless of serological status [5, 9].
Rheumatoid factor positivity was significantly associated
with specific cardiac manifestations, including valvular
hemodynamic abnormalities, atrioventricular and intra-
ventricular conduction disturbances, ischemic heart dis-
ease, and overall cardiac involvement. Rheumatoid factor
is a well-established marker of chronic systemic inflam-
mation and increased cardiovascular risk, contributing to
cardiovascular disease through multiple pathophysiologi-
cal mechanisms, including endothelial dysfunction [4].
Circulating immune complexes containing RF directly
interact with vascular endothelium, causing endothelial
activation, expression of adhesion molecules, and impaired
nitric oxide bioavailability. This leads to reduced vasodi-
latory capacity, increased arterial stiffness, and microvas-
cular dysfunction [10]. Rheumatoid factor positivity has
also been implicated in accelerated atherosclerosis, mainly
through elevated pro-inflammatory cytokines, such as
tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-
6). It contributes to plaque formation and its instability,
increasing the risk for ischemic heart disease [11]. Large
cohort studies have shown that seropositive patients may
exhibit a more severe disease phenotype with earlier cardio-

vascular involvement [12, 13], although cardiovascular risk
appears to be comparable between seropositive and seron-
egative individuals [14]. Our findings support the existing
evidence suggesting that RF positivity reflects a more ag-
gressive systemic inflammatory phenotype associated with
increased cardiovascular risk [12, 13].

The lack of significant associations between other autoan-
tibody profiles and specific cardiac manifestations can be
explained at least in part by the relatively small number
of patients with other seropositive diseases compared to
rheumatoid arthritis. Also, cardiac involvement in RCTDs
is multifactorial, influenced by inflammation, vascular
changes, disease duration, and traditional cardiovascular
risk factors [15]. These findings are consistent with het-
erogeneous reports in the literature, indicating that the
association between specific autoantibodies and cardiac
involvement is inconsistent and disease-specific. Cardio-
vascular assessment in patients with RCTDs should be
guided primarily by the overall clinical context rather than
serological profile [16, 17].

Cardiac involvement was more prevalent in seropositive
patients older than 50 years, highlighting age as an im-
portant risk factor and emphasizing the cumulative effect
of chronic inflammation and age-related cardiovascular
changes [9, 17, 18].

Despite previous reports, disease duration did not differ sig-
nificantly between seropositive and seronegative patients,
and its association with cardiac involvement remains in-
consistent across studies [19, 20]. In our study, association
regarding disease duration and cardiac involvement in the
seronegative group should be interpreted cautiously due
to the small sample size. Previous studies on seronegative
inflammatory spondyloarthropathies observed clinically
significant cardiovascular manifestations in patients with
long-standing disease, suggesting that disease duration and
cumulative effects of prolonged inflammation impact car-
diovascular involvement, rather than serological status by
itself [21].

Our findings of significantly larger LVEDD in the sero-
positive compared to the seronegative group, are consist-
ent with existing literature reporting that left ventricular
diastolic dysfunction (LVDD) is a common and often sub-
clinical manifestation in patients with rheumatoid arthritis
and other inflammatory rheumatic diseases [22]. Diastolic
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dysfunction may act as a precursor to heart failure with
preserved ejection fraction. The low-grade systemic inflam-
mation acts as a key mechanism driving this process.
Pro-inflammatory cytokines, particularly TNF-a, and IL-6
contribute to impaired myocardial relaxation, cardiomyo-
cyte dysfunction, myocardial fibrosis and remodeling [23].
Left ventricular diastolic dysfunction has been recognized
not only in RA, but also in other seropositive rheumatic
connective tissue diseases, including systemic sclerosis, sys-
temic lupus erythematosus, mixed connective tissue dis-
ease and inflammatory myopathies [22, 24]. These findings
emphasize the value of transthoracic echocardiography as
a sensitive tool for detecting early structural changes that
may precede overt cardiac dysfunction.

Only seropositive patients exhibited significant negative
correlations between selected LVEDD and hematocrit,
hemoglobin, serum albumin, and calcium levels, suggest-
ing that lower values of these parameters are associated
with greater left ventricular dilatation in seropositive rheu-
matic connective tissue diseases.

Reduced hemoglobin and hematocrit values may reflect
anemia of chronic disease. Anemia leads to increased min-
ute volume and left ventricular volume load. In the long
term, this leads to remodeling and dilation of the left ven-
tricle [25].

Hypoalbuminemia is a marker of persistent systemic in-
flammation and has previously been associated with ad-
verse cardiovascular outcomes [26]. Similarly, alterations
in calcium homeostasis may contribute to impaired my-
ocardial contractility, relaxation, and diastolic function
[27]. These results additionally support the concept that
systemic inflammatory and metabolic disturbances in se-
ropositive rheumatic diseases contribute to subclinical
cardiac remodeling, particularly affecting left ventricular
dimensions [28].

Analyzing complete blood count and blood parameters,
we observed significantly lower hemoglobin and hema-
tocrit levels in seropositive patients compared with seron-
egative patients. This finding is consistent with the anemia
of chronic disease, which is frequently seen in seroposi-
tive rheumatoid arthritis and other seropositive RCTDs,
caused by persistent inflammation but also by iron defi-
ciency, usually due to medication side effects [29, 30].
Although erythrocyte count, mean corpuscular volume
(MCV), leukocyte count, and platelet count did not differ
significantly between seropositive and seronegative groups
overall, further analysis demonstrated that in seropositive
patients only, the presence of cardiac involvement was sig-
nificantly associated with erythrocyte count, hemoglobin
levels, and platelet count. Our results suggest that hema-
tological abnormalities in seropositive diseases may reflect
greater systemic inflammatory burden and subclinical
cardiac involvement, especially since available data show
that blood platelets and red blood cell indices are associ-
ated with disease activity, especially in rheumatoid arthri-
tis [31]. The complete blood count, specifically evaluating
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RBCs, Hb, and platelet, are very important, widely avail-
able tool for assessing cardiac risk and monitoring patients
with cardiac involvement [32].

Among inflammatory markers, erythrocyte sedimenta-
tion rate (ESR) and fibrinogen levels showed significant
differences exclusively within the seropositive group. El-
evated ESR and fibrinogen are well-established markers of
chronic inflammation and are closely linked to increased
cardiovascular risk, based on endothelial dysfunction, hy-
percoagulability, and accelerated atherosclerosis [33].
Interestingly, CRP did not differ significantly between se-
ropositive and seronegative groups, although the majority
of seropositive patients in our study had RA. In RA, CRP
is strongly associated with disease activity and acts as an
active mediator for atherosclerosis, enhancing endothelial
dysfunction, inflammation, plaque instability, and throm-
bosis [34]. In the 2015/16 EULAR recommendations,
CRP and ESR are acknowledged as markers of systemic in-
flammatory burden. Effective suppression of inflammation
by reduction in CRP and ESR is as an integral component
of cardiovascular risk management in RA [35]. Our find-
ings suggest that CRP may fluctuate with disease activity
and treatment, whereas fibrinogen and ESR may better re-
flect long-term inflammatory exposure in chronic autoim-
mune disease [36].

Triglyceride levels were significantly associated with sero-
positivity, whereas total cholesterol did not differ signifi-
cantly between groups. Partially, it can be explained by the
so-called “lipid paradox” observed in inflammatory rheu-
matic diseases, where systemic inflammation alters lipid
metabolism, leading to qualitative rather than quantitative
lipid abnormalities that contribute to cardiovascular risk. It
is an inflammation-mediated impact on lipid metabolism,
caused by pro-inflammartory cytokines that false lowers lev-
els of lipid during active disease. Triglycerides are mainly
increased as a direct effect of inflammation through the
inhibition of lipoprotein lipase and insulin resistance [37].
Although electrolyte imbalances have been noticed in pa-
tients with chronic rheumatic diseases, they are considered
indicators of systemic inflammation, renal involvement, or
therapy side effects, rather than having a direct cause-and-
effect relationship [38]. Serum levels of chloride and cal-
cium showed significant differences between seropositive
and seronegative patients, but with values mainly within
the reference range.

Lactate dehydrogenase (LDH) levels were significantly
higher in seropositive patients, suggesting increased tissue
turnover or systemic inflammatory activity. Elevated LDH
is recognized as a nonspecific marker of cellular damage
and inflammation and has been associated with disease se-
verity and adverse outcome in various inflammatory and
connective tissue diseases [39].

Seropositive patients demonstrated significantly lower se-
rum albumin levels and higher urea concentrations com-
pared with seronegative patients. Hypoalbuminemia is
a recognized negative acute-phase reactant and reflects
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chronic inflammation, increased vascular permeability,
and poor nutritional status, all of which are associated with
adverse cardiovascular outcomes [40].

Taken together, our findings indicate that seropositive
RCTDs are characterized by hematological and biochemi-
cal abnormalities reflecting chronic inflammation and al-
tered metabolic homeostasis. These changes are associated
with increased cardiovascular vulnerability and may lead to
cardiac manifestations detectable by echocardiography and
electrocardiography.

An important limitation of this study is the imbalance be-
tween the study groups, with a substantially smaller num-
ber of patients in the seronegative RCTD group. This,
together with the overall small sample size, may have re-
duced the statistical power and limited the ability to detect
differences between groups. Therefore, findings related to
the seronegative group should be interpreted with caution.
Additionally, treatment-related factors, comorbidities and
traditional cardiovascular risk parameters were not includ-
ed in the analysis and may have influenced the observed
results.

Conclusion

Our findings indicate that seropositivity, particularly the
presence of rheumatoid factor, is associated with increased
risk of cardiac involvement in patients with RCTDs. Echo-
cardiographic abnormalities suggest early structural cardiac
changes in seropositive patients, while age and selected he-
matological parameters further reflect the impact of chron-
ic systemic inflammation and disease burden. These results
highlight the importance of routine cardiac assessment,
including electrocardiography and echocardiography, to
enable early detection of subclinical cardiac involvement
and improve long-term cardiovascular outcomes.

Authors’ Contributions

EH (Conceptualization; Data curation; Methodology;
Writing — review & editing, Supervision), Al (Writing
— original draft, Formal analysis; Investigation; Method-
ology); NC (Writing — original; Visualization; Writing —
original draft;); JS (Investigation; Methodology; Formal
analysis); AZC (Formal analysis, Validation, Visualiza-
tion); DS (Investigation, Software, Visualization); MM
(Supervision, Writing — review & editing, Methodology).

Conflict of interest
None to declare.

Funding

No external funding was received.

References
1. Mulhearn B, Tansley SL, McHugh NJ. Autoantibodies in connective
tissue disease. Best Pract Res Clin Rheumatol. 2020;34(1):101462.

2. Podlesnikar T, Lapinskas T. Cardiac Involvement in Connective Tissue
Disorders: Terra Incognita. JACC Case Rep. 2019; 1(2):243-245.

3. Pan SY, Tian HM, Zhu Y, et al. Cardiac damage in autoimmune diseases:

20.

21.

22.

23.

25.

. Zagouras AA, Tang WHW. Myocardial

111

Target organ involvement that cannot be ignored. Front Immunol. 2022;
13:1056400.

Bordy R, Totoson P, Prati C, Marie C, Wendling D, Demougeot C.
Microvascular endothelial dysfunction in rheumatoid arthritis. Nat Rev
Rheumatol. 2018; 14(7):404-420.

Buleu F, Sirbu E, Caraba A, Dragan S. Heart Involvement in Inflammatory
Rheumatic Diseases: A Systematic Literature Review. Medicina (Kaunas).
2019; 55(6):249.

van den Hoogen F, Khanna D, Fransen J, et al. 2013 classification criteria
for systemic sclerosis: an American college of rheumatology/European
league against rheumatism collaborative initiative. Ann Rheum Dis. 2013;
72(11):1747-55.

Aringer M, Costenbader K, Daikh D, et al. 2019 European League
Against Rheumatism/American College of Rheumatology Classification
Criteria for Systemic Lupus Erythematosus. Arthritis Rheumatol. 2019;
71(9):1400-1412.

Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classification
criteria: an American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Ann Rheum Dis. 2010; 69(9):1580-8.
Erratum in: Ann Rheum Dis. 2010; 69(10):1892.

Lee KS, Kronbichler A, Eisenhut M, Lee KH, Shin JI. Cardiovascular
involvement in systemic rheumatic diseases: An integrated view for the
treating physicians. Autoimmun Rev. 2018; 17(3):201-214.

. Lee SH, Tag HS, Kim GT, et al. Effect of rheumatoid factor on vascular

stiffness in general population without joint symptoms. Kosin Med J.
2017; 32(1):25-35.

. Bedekovié D, Bognjak I, Sarié¢ S, Kirner D, Novak S. Role of Inflammatory

Cytokines in Rheumatoid Arthritis and Development of Atherosclerosis: A
Review. Medicina (Kaunas). 2023; 59(9):1550.

. Fazeli MS, Khaychuk V, Wittstock K, et al. Cardiovascular Disease in

Rheumatoid Arthritis: Risk Factors, Autoantibodies, and the Effect of
Antirheumatic Therapies. Clin Med Insights Arthritis Musculoskelet
Disord. 2021; 14:11795441211028751.

. Avina-Zubieta JA, Thomas J, Sadatsafavi M, Lehman AJ, Lacaille D.

Risk of incident cardiovascular events in patients with rheumatoid
arthritis: a meta-analysis of observational studies. Ann Rheum Dis. 2012;
71(9):1524-9.

. Carbonell-Bobadilla N, Soto-Fajardo C, Amezcua-Guerra LM, et al.

Patients with seronegative rheumatoid arthritis have a different phenotype
than seropositive patients: A clinical and ultrasound study. Front Med
(Lausanne). 2022;9:978351.

. Naeem A, Khan MH, Khan O, et al. Cardiac disease in systemic sclerosis:

a narrative review. Arch Med Sci Atheroscler Dis. 2025; 10:e121-e138.

. Radié¢ M, Be¢ié¢ T, Simac P, et al. Predictive Value of Classical and

Emerging Autoantibodies for Cardiac Dysfunction in Systemic Sclerosis:
Systematic Review. Journal of Clinical Medicine. 2025; 14(18):6383.
Involvement in  Systemic
Autoimmune Rheumatic Diseases. Rheum Dis Clin North Am. 2023;
49(1):45-66.

. Crowson CS, Therneau TM, Davis JM 3rd, Roger VL, Matteson EL,

Gabriel SE. Brief report: accelerated aging influences cardiovascular
disease risk in rheumatoid arthritis. Arthritis Rheum. 2013; 65(10):2562-
6

. Akgdl G, Gulkesen A, Uslu EY, et al. Can myocardial dysfunction be

detected in patients with rheumatoid arthritis with no cardiac symptoms?
Eur Rev Med Pharmacol Sci. 2023;27(10):4399-4405.

Vazquez-Del Mercado M, Gomez-Bafiuelos E, Chavarria-Avila E, et al.
Disease duration of rheumatoid arthritis is a predictor of vascular stiffness:
a cross-sectional study in patients without known cardiovascular
comorbidities: A STROBE-compliant article. Medicine (Baltimore). 2017;
96(33):e7862.

Przepiera-Bedzak H, Brzosko |, Peregud-Pogorzelska M, Waodecki M,
Brzosko M. Zmiany w ukfadzie sercowo-naczyniowym w przebiegu
seronegatywnych  spondyloartropatii  zapalnych  [Cardiovascular
manifestations of seronegative inflammatory spondyloarthropathies]. Ann
Acad Med Stetin. 2010; 56 Suppl 1:62-5. Polish.

Liang KP, Myasoedova E, Crowson CS, et al. Increased prevalence
of diastolic dysfunction in rheumatoid arthritis. Ann Rheum Dis. 2010;
69(9):1665-70.

Qian Y, Zhang B, Nian F. The association between rheumatoid arthritis
and left ventricular diastolic dysfunction: pathogenesis, predictors and
managements. Clin Exp Rheumatol. 2025; 43(1):135-144.

. Vemulapalli S, Cohen L, Hsu V. Prevalence and risk factors for left

ventricular diastolic dysfunction in a scleroderma cohort. Scand J
Rheumatol. 2017; 46(4):281-287.

Aronow W. S. Cardiac Arrhythmias-Mechanisms, Pathophysiology, and
Treatment. Rijeka, Croatia: InTech; 2014.



112

26.

27.

28.

29.

30.

31.

32.

33.

Biancucci M, Barbiero R, Pennella B, et al. Hypoalbuminaemia and heart
failure: A practical review of current evidence. Eur J Heart Fail. 2025;
27(2):293-306.

Luo M, Anderson ME. Mechanisms of altered Ca’@ handling in heart
failure. Circ Res. 2013; 113(6):690-708.

Tarjanyi Z, Szabo L, Mong N, et al. Subclinical myocardial changes in
rheumatoid arthritis: cardiovascular magnetic resonance evidence
of immuno-inflammatory remodeling. Front Cardiovasc Med. 2025;
12:1607018.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med.
2005; 352(10):1011-283.

lbrahim A, Tseng J, Bharadwaj A, Nandagudi A. Spectrum of anaemia
in rheumatic diseases and the involvement of rheumatologists in the
management: a single centre study. Clin Med (Lond). 2025; 25(4
Suppl):100460.

Xue L, Tao L, Sun H, et al. Association Between Blood PLT and RBC
Related Indices and Disease Activity in Patients with Rheumatoid Arthritis.
Int J Gen Med. 2022; 15:573-581.

Mu H, Wang X, Zhao X, et al. Hematological parameters and major
adverse cardiovascular events: a prospective study in a Chinese
population involving 2,970 participants. Int J Med Sci. 2025; 22(8):1924-
1935.

Surma S, Banach M. Fibrinogen and Atherosclerotic Cardiovascular
Diseases—Review of the Literature and Clinical Studies. International
Journal of Molecular Sciences. 2022; 23(1):193.

34.

35.

36.

37.

38.

39.

40.

Acta Marisiensis - Seria Medica 2026;72(2)

Pope JE, Choy EH. C-reactive protein and implications in rheumatoid
arthritis and associated comorbidities. Semin Arthritis Rheum. 2021;
51(1):219-229.

Agca R, Heslinga SC, Rollefstad S, et al. EULAR recommendations for
cardiovascular disease risk management in patients with rheumatoid
arthritis and other forms of inflammatory joint disorders: 2015/2016
update. Ann Rheum Dis. 2017; 76(1):17-28.

Litao MK, Kamat D. Erythrocyte sedimentation rate and C-reactive protein:
how best to use them in clinical practice. Pediatr Ann. 2014;43(10):417-
20.

Myasoedova E, Crowson CS, Kremers HM, et al. Lipid paradox in
rheumatoid arthritis: the impact of serum lipid measures and systemic
inflammation on the risk of cardiovascular disease. Ann Rheum Dis.
2011; 70(3):482-7.

Alkhudair D. Beyond the joints: exploring electrolyte and renal
complications in rheumatoid arthritis. Medical Research Archives. 2025;
13(6). Available from: Medical Research Archives website. Accessed
January 30, 2026.

Cheng X, Liu L, Tian Y, Lin Y. Serum lactate dehydrogenase as a
prognostic marker for 90-day mortality in connective tissue disease
patients receiving glucocorticoids and hospitalized with pneumonia: a
cohort study. Sci Rep. 2025;15(1):16806.

Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: Pathogenesis and
Clinical Significance. JPEN J Parenter Enteral Nutr. 2019; 43(2):181-193.



