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Abstract

Background/Objectives: Vitamin D insufficiency is common in patients with spondyloar-
thritis (SpA). We analyzed the relationship between vitamin D, disease activity, and left
ventricular (LV) function in patients with SpA. Methods: A total of 298 patients with SpA
and 57 healthy controls were enrolled. Serum vitamin D and laboratory cardiovascular
risk factors were analyzed, and LV function was assessed by echocardiography. Vitamin
D, the Ankylosing Spondylitis Disease Activity Score (ASDAS), and the Disease Activity
Index for Psoriatic Arthritis (DAPSA) were examined for mutual correlations using uni-
variate and multivariate linear regression models and were compared between groups.
Results: Vitamin D levels did not differ between the SpA group and controls, although
vitamin D supplementation was more frequent among SpA patients. Vitamin D was not
associated with SpA activity. ASDAS and DAPSA were positively correlated with
isovolumic relaxation time, and DAPSA was inversely correlated with peak early diastolic
mitral annular velocity (e'), after adjustment for age, sex, metabolic factors, and/or therapy.
Patients with insufficient serum vitamin D levels (<75 nmol/L) showed greater impair-
ment of systolic and diastolic LV function and a diabetic-like lipid profile compared with
those with sufficient vitamin D levels. The e’ wave was positively correlated with vitamin
D after controlling for confounding factors. These findings in patients with SpA are con-
sistent with those previously reported in patients with psoriatic arthritis (PsA). Conclu-
sions: Patients with SpA were characterized by vitamin D supplementation, increased
disease activity parameters, and impaired LV function. SpA activity, independent of vit-
amin D, was associated with LV functional impairment, and vitamin D was associated
with an increase in the e’ wave after adjustment for confounding factors. However, causal
inferences cannot be drawn from correlational analyses.
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1. Introduction

Spondyloarthritis (SpA) is a chronic, progressive inflammatory rheumatic disease [1].
Pain and stiffness due to enthesitis and arthritis in the spine and pelvic joints characterize
the axial form of the disease (axSpA), including nonradiographic axSpA (nr-axSpA) and
radiographic axSpA (r-axSpA) [2]. Peripheral spondyloarthritis (pSpA) typically affects
larger joints in an asymmetrical pattern (oligoarthritis) and is frequently associated with
enthesitis, particularly of the lower extremities, in HLA-B27-positive patients with reac-
tive arthritis and in B27+ carriers [3]. In addition, pSpA commonly involves the distal in-
terphalangeal joints of the hands and feet and may be accompanied by dactylitis, particu-
larly in HLA-Cwo6-positive patients [3]. Both pSpA and axSpA may occur in patients with-
out features of other SpA subtypes (pure pSpA or undifferentiated axSpA, respectively)
and impose a significant burden on patients [4]. Enteropathic peripheral arthritis is more
frequently associated with intestinal inflammation, although all forms of axSpA may oc-
cur in the presence of clinically recognized or unrecognized gastrointestinal tract inflam-
mation [5]. The gastrointestinal tract is a cradle of SpA inflammation [6], which is in-
versely correlated with circulating 25-hydroxycholecalciferol (250HD3) concentration [7].

Vitamin D3, or cholecalcifero], is a form of vitamin D produced in human skin from
cholesterol under the influence of UV radiation. In the liver, it is hydroxylated to 250HD3,
which then enters and circulates in the blood [8]. Owing to its relatively long half-life of
approximately 2-3 weeks, serum 250HD3 is routinely measured to assess vitamin D sta-
tus [9].

Under physiological conditions, renal epithelial cells further hydroxylate 250HD3 at
the 1a position, producing the biologically active hormone 1a,25-dihydroxycholecalcif-
erol (1a,250H2D3) [10], which plays a central role in calcium and phosphate homeostasis.
Concentrations of 1a,250H2D3 are markedly reduced in patients with chronic kidney dis-
ease and a-Klotho deficiency, an early marker of renal dysfunction involved in phosphate,
calcium, and vitamin D metabolism [11].

Circulating 250HD3 also enters antigen-presenting cells and T lymphocytes, where
it is converted to 1a,250H2D3 by la-hydroxylase. This active metabolite subsequently
binds to the vitamin D receptor, a cytoplasmic and nuclear receptor whose expression
increases following immune cell activation [12]. Through this mechanism, vitamin D ex-
erts profound immunomodulatory effects by regulating T-cell differentiation [13]. Specif-
ically, 1a,250H2D3 suppresses interleukin-23 (IL-23) production by dendritic cells—a cy-
tokine indispensable for Th17-cell polarization [7] —and activation of the IL-23/IL-17 axis,
which plays a central role in the pathogenesis and exacerbation of SpA [6], including both
musculoskeletal [14] and extra-musculoskeletal manifestations [15]. These findings sug-
gest that 1a,250H2D3 contributes to the downregulation of ongoing inflammatory re-
sponses in SpA [6,14,15].

Vitamin D deficiency is associated with increased activity of r-axSpA and PsA [16]
and is negatively correlated with all-cause mortality [17], of which cardiovascular (CV)
disease represents the major contributor [18]. A high incidence of endothelial dysfunction
and traditional CV risk factors such as obesity and metabolic syndrome are associated
with high PsA activity [19]. Increased left ventricular (LV) mass, pressure and volume
overload, and diastolic dysfunction have frequently been reported in patients with SpA
[20]. Even in the absence of traditional risk factors, patients with PsA have a higher CV
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risk of myocardial infarction, stroke, and heart failure [21], and patients with r-axSpA ex-
hibit LV systolic and diastolic dysfunction [22] as a result of disease activity and systemic
inflammation [23]. 250HD3 deficiency may be a marker of inflammatory activity in SpA
[16], although it is not causally related to r-axSpA activity [24], and contradictory data
exist regarding the relationship between vitamin D and SpA activity [25]. Limited and
contradictory data also exist in the literature regarding the effects of 250HD3 on LV func-
tion in patients with SpA.

The aim of this study was to analyze the relationships between vitamin D concentra-
tion, disease activity, and patient functionality, as well as to evaluate correlations between
LV diastolic and systolic function measured by echocardiography and serum 250HD3
concentration (hereinafter referred to as vitamin D), the Ankylosing Spondylitis Disease
Activity Score (ASDAS), an axSpA activity measure [26], and the Disease Activity Index
for Psoriatic Arthritis (DAPSA), a pSpA activity index [27], in patients with SpA.

2. Materials and Methods
2.1. Patients

This cross-sectional study was conducted at the Hospital for Medical Rehabilitation
of Heart and Lung Diseases and Rheumatism, “Thalassotherapia Opatija,” in Croatia, be-
tween February 2021 and November 2025. The study included 298 patients with all SpA
subtypes, diagnosed according to the guidelines/criteria of the International Society for
the Evaluation of Spondyloarthritis [28], who were regularly followed at an outpatient
rheumatology clinic. A rheumatologist assessed disease activity and functional status for
each patient. The control group consisted of age- and sex-matched individuals without
SpA, recruited during routine medical examinations at Thalassotherapia Opatija. Both pa-
tients and controls underwent laboratory testing and a comprehensive cardiological eval-
uation.

Prior to participation, all subjects provided written informed consent, confirming
their voluntary participation in the study and authorizing the research team to access rel-
evant medical records and publish anonymized data. The informed consent forms for both
SpA patients and controls were approved by the Ethics Committee of Thalassotherapia
Opatija (Approval No. 01-000-00-309/2-2023; 20 April 2023).

The study was conducted in accordance with the principles of the Declaration of Hel-
sinki of the World Medical Association [29] and all applicable regulations designed to
ensure participant safety and confidentiality.

Exclusion criteria for both groups were infection; malignant disease; unregulated di-
abetes (fasting glucose above 11 mmol/L); ambulatory arterial blood pressure (BP) >
160/100 mmHg, corresponding to home arterial BP > 145/90 mmHg [30]; heart failure with
New York Heart Association class III or IV [31]; and chronic kidney disease with an esti-
mated glomerular filtration rate (eGFR) below 15 mL/min/1.73 m2. Patients did not change
their regular cardiological and/or rheumatological therapy during the course of the study.

2.2. Rheumatological Examination

Pondyloarthritis (SpA) activity was evaluated using patient-reported outcomes and
findings from rheumatological examination. Patient-reported disease burden was as-
sessed by measuring total pain and axial pain using a visual analog scale (VAS; 0-100 mm)
and a numerical rating scale (NRS; 0-10), respectively. A comprehensive rheumatological
examination was performed, during which the components required to calculate the Dis-
ease Activity in Psoriatic Arthritis index (DAPSA), the Ankylosing Spondylitis Disease
Activity Score (ASDAS), and the Bath Ankylosing Spondylitis Disease Activity Index
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(BASDALI) were assessed. Functional status was evaluated using the Bath Ankylosing
Spondylitis Functional Index (BASFI).

These clinical parameters, together with the laboratory marker C-reactive protein
(CRP), were used to calculate composite indices of disease activity in both the axial and
peripheral forms of SpA: ASDAS for axial disease [26] and DAPSA for peripheral disease
[27]. The ASDAS incorporates back pain severity, peripheral pain and joint swelling, du-
ration of morning stiffness, and the patients global assessment of SpA activity, all meas-
ured on a VAS ranging from 0 to 10. The DAPSA score comprises tender joint count (0—
68), swollen joint count (0-66), patient global assessment of disease activity, and overall
joint pain during the preceding week (VAS 0-10).

Additionally, SpA activity was assessed using the composite scales BASDAI and
BASFI [28]. BASDAI evaluates the overall severity of fatigue; neck, back, and hip pain
attributable to axial SpA; pain and swelling in peripheral joints; discomfort in areas tender
to touch or pressure; and symptom severity upon awakening, all measured on a VAS
ranging from 0 to 10. The duration of morning stiffness is also included in the assessment.
BASFI consists of ten questions evaluating the degree of difficulty in performing daily
activities without assistance or assistive devices. These activities include putting on socks
or tights, bending from the waist to pick up an object from the floor, reaching a high shelf,
rising from an armless chair, getting up from the floor from a supine position, standing
for 10 min without discomfort, climbing 12-15 steps, looking over the shoulder without
turning the body, performing physically demanding activities (e.g., exercise or gardening),
and carrying out a full day of activities at home or work. Each item is scored on a VAS
ranging from 0 to 10 [32].

Demographic data (age and sex), medical history, and current therapy were obtained
from the hospital information system (WinBis, IN2 d.o.o., Zagreb, Croatia).

2.3. Cardiological Examination and Echocardiography

A cardiologist recorded age, sex, and current therapy, measured blood pressure, cal-
culated body mass index (BMI), and performed echocardiography in patients with SpA
and in healthy controls. Transthoracic echocardiography was performed in accordance
with the recommendations of the American Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging [33,34], using a GE Vivid 9 system (General
Electric Company, New York, NY, USA) and a GE M5Sc-D phased-array probe (1.4-1.6
MHz; Parallel Design SAS, Valbonne, France). Parameters of LV systolic function—in-
cluding left ventricular ejection fraction (LVEF), global longitudinal strain (GLS), and mi-
tral annular plane systolic excursion (MAPSE)—as well as the structural parameter LV
end-diastolic diameter (LVEDD), were assessed. LVEDD was measured in the apical four-
chamber view at end-diastole. MAPSE was determined using M-mode echocardiography
at the septal mitral annulus in the apical four-chamber view. LVEF was calculated using
the biplane Simpson method, while GLS was assessed using two-dimensional (2D)
speckle-tracking echocardiography. Peak tricuspid regurgitation velocity (TR velocity)
was measured from the apical four-chamber view. Left atrial volume indexed to body
surface area (LAVI) was calculated using the biplane method of disks.

Diastolic function was evaluated by pulsed-wave Doppler assessment of mitral in-
flow velocities, obtained in the apical four-chamber view at the tips of the mitral valve
leaflets. Measured parameters included peak early diastolic mitral inflow velocity (E-
wave), peak late diastolic mitral inflow velocity (A-wave), isovolumic relaxation time
(IVRT), and the E/A ratio. Tissue Doppler imaging (TDI) was used to assess peak early
diastolic mitral annular velocity (e) and the E/e’ ratio. Left atrial deformation parameters
included peak left atrial reservoir strain (LASr), peak strain rate during the conduit phase
(SrE), and peak strain rate during the contractile phase (SrA); these were measured from
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the apical four-chamber view using 2D speckle-tracking echocardiography. Strain analy-
sis was performed using EchoPAC software (GE Healthcare, Chicago, IL, USA). The left
atrial endocardial border was manually traced at end-systole in the apical four-chamber
view. LASr was defined as the maximal positive peak on the left atrial strain curve gener-
ated by the software, while SrE and SrA were defined as the peak negative strain rates
during the conduit and contractile phases, respectively.

LV GLS analysis was performed using apical two-, three-, and four-chamber views,
with the final GLS value calculated as the average across all segments. All echocardio-
graphic data were digitally stored and analyzed offline using EchoPAC software (GE
Healthcare, Chicago, IL, USA).

2.4. Laboratory Analysis

A peripheral venous blood sample (10 mL) was obtained from the cubital vein by
venipuncture for laboratory analyses. Erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), vitamin D, urea, uric acid, creatinine, total cholesterol, high-density lipo-
protein cholesterol (HDL-C), fasting blood glucose (FBG), N-terminal pro-brain natriu-
retic peptide (NT-proBNP), and cardiac troponin T concentrations were measured using
an automated analyzer (Cobas® Pro, Roche Diagnostics, Mannheim, Germany). Estimated
glomerular filtration rate (eGFR) was calculated as a measure of renal function.

Serum samples were separated, and a 200 uL aliquot was transferred into a cryotube
(2 mL; Falcon, Corning Inc., NY, USA) and stored at 20 °C until analysis. Serum Klotho
protein concentration was determined in undiluted serum samples using a commercially
available Human KL (Klotho) ELISA kit (Cat. No. ELK3157; ELK Biotechnology, Sugar
Land, TX, USA), according to the manufacturers instructions. Absorbance was measured
using a microplate reader, and concentrations were calculated using CurveExpert soft-
ware (version 1.40).

2.5. Statistical Analyses

Sample size estimation was performed using preliminary data from 15 participants
and the online Sample Size Calculator developed by Ristl R. (version 1.064, University of
Vienna; accessed 2 May 2023).

Pearsones correlation coefficient (r) was used for univariate correlation analyses. Mul-
tiple linear regression analyses were performed to determine whether vitamin D inde-
pendently predicted SpA activity parameters, and whether ASDAS and DAPSA inde-
pendently predicted LV function parameters. The regression models were adjusted for
potential confounders, including sex, age, total cholesterol, low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), fasting blood glucose
(FBG), uric acid, creatinine, estimated glomerular filtration rate (eGFR), systolic and dias-
tolic blood pressure, and cigarette smoking status. Multivariate linear regression analyses
were performed using several models, each comprising a different combination of con-
founders, as the small sample sizes within individual correlation groups did not allow all
confounders to be analyzed in a single model. Statistical analyses were conducted using
IBM SPSS Statistics, version 22 (IBM Corp., Armonk, NY, USA). Correlation coefficients
with an absolute value below 0.25 were considered to indicate a weak or negligible linear
relationship [35].

All other statistical analyses were performed using Statistica, version 14.0.0.15
(TIBCO Software Inc., Palo Alto, CA, USA). Continuous variables were tested for normal-
ity using the “Distribution Fitting” and “Continuous Distribution” options and are pre-
sented as mean + standard deviation (S5D) for normally distributed data or median (range)
for non-normally distributed data. Between-group comparisons were performed using
the independent-samples Studentes t-test for normally distributed variables and the
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Mann-Whitney U test for non-normally distributed variables. The Mann—-Whitney U test
was also applied when group sample sizes were small (n < 50).

Categorical variables are presented as frequencies and percentages. Comparisons be-
tween categorical variables were performed using Fishere exact test. A two-sided p-value
<0.05 was considered statistically significant for all analyses.

3. Results
3.1. Recruitment, Clinical Protocol and Characteristics of the Assessment Groups

Based on the observed correlation between vitamin D concentration and DAPSA
score (r = 0.26), with a significance level (a) of 0.05 and a statistical power of 80%, the
required sample size was estimated to be 114 participants. For the correlation between
vitamin D and LVEF (r = 0.457), the required sample size was 36; for GLS (r = 0.611), 19;
for LASr (r = 0.273), 204; for the e’ wave (r = 0.526), 26; for IVRT (r = 0.424), 42; and for
MAPSE (r = 0.597), 20.

Figure 1 shows the recruitment of patients with SpA (n = 310) and healthy controls
(n = 57) into the study groups. Two patients with SpA did not sign informed consent,
leaving 308 patients eligible for laboratory blood analysis. Five patients did not undergo
laboratory testing, and serum samples from an additional five patients were not properly
analyzed for technical reasons. These patients were excluded, resulting in a final study
population of 298 patients with SpA.

Women accounted for 73% (n = 217/298) of the study population. Axial SpA (axSpA)
was present in 64% of patients, comprising 46% radiographic axSpA (r-axSpA) and 52%
non-radiographic axSpA (nr-axSpA), while peripheral SpA (pSpA) accounted for 36% of
cases. The study cohort included patients with psoriatic arthritis (PsA; n = 116, 39%), re-
active arthritis (ReA; n = 71, 24%), undifferentiated SpA (n =55, 18%), HLA-B27-positive
SpA (n =48, 16%), and enteropathic arthritis (n = 8, 3%). In this cohort, the relationships
between vitamin D concentration and ESR, CRP, disease activity indices, and functional
status (BASFI) were evaluated.

A randomly selected subgroup of 174 patients with SpA who had completed labora-
tory testing underwent echocardiographic assessment. Women represented 67% of this
subgroup (n = 116/174). The subgroup consisted of patients with PsA (n = 83, 48%), ReA
(n = 31, 18%), undifferentiated SpA (n = 30, 17%), HLA-B27-positive SpA (n = 28, 16%),
and enteropathic arthritis (n =2, 1%). The distribution of SpA subtypes, sex, and age (58.1
+ 11.3 years) did not differ significantly from that of the overall SpA cohort (56.0 + 11.9
years) (Table 1). In this subgroup, associations between vitamin D concentration, ASDAS,
DAPSA, and echocardiographic parameters were analyzed. Furthermore, laboratory, clin-
ical, and echocardiographic characteristics were compared between patients with SpA
and the control group.
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Patients with SpA, who meet the conditions for inclusion in the study (n = 310) Controls (n =57)
t’ Patients who did not sign Informed Consent (n = 2)

Laboratory analyses (n = 308)
Patients who did not perform laboratory analyses (n = 5)
Technical problem with serum analysis (n = 5)

Performed laborytory analyses (n = 298) 4
Women (n =217) ] . o Controls (n =57)

Correlation between vitamin D
PsA (n=116) and Comparison of laboratory
ReA (n=71) B . .
> ESR, CRP parameters with patients
Undifferentiated SpA (n =55 .
PA ( ) »  Activity of SpA with SpA
HLA-B 27+ SpA (n =48) B
v » BASFI

Enteropatic SpA (n=8) |

Echocardiography (n = 174) _
Women (n = 116) Correlation between echocardio- Controls (n =57)
PsA (n=83) graphic parameters and T
ReA (n=31) B >  Vitamin D Comparison of
HLA-B 27+ SpA (n =28) >  ASDAS echocardiographic parame-
Undifferentiated SpA (n=30) ~ > DAPSA ters with patients with SpA
Enteropatic SpA (n=2)

Figure 1. Recruitment, clinical protocol and characteristics of the assessment groups. Abbreviations:
ASDAS—Axial Spondyloarthritis Disease Activity Score; BASFI—Bath Ankylosing Spondylitis
Functional Index; CRP —C-reactive protein; DAPSA —Disease Activity index for Psoriatic Arthritis;
ESR— Erythrocyte Sedimentation Rate; HLA —B27+—Human Leukocyte Antigen B 27 positive; n—
number;  %—percentage; PsA—Psoriatic = Arthritis; ReA—Reactive  Arthritis; SpA—
Spondyloarthritis.

Table 1. Clinical, laboratory and echocardiographic characteristics of patients with SpA and

controls.
Patients with SpA (n = Controls Student’s  Test
298) (n=57)

Mean + SD Mean t SD p Value
Age (years) 56 +11.9 53.15+ 11.69 0.1131
BMI (kg/m?) 27.22 +4.78 26.33 +2 0.6138
ESR (mm/h) 11.48 + 8.69 13.59 £ 12.65 0.1314
CRP (mg/L) 2.79 +£3.31 2.04+2.03 0.3775
Total cholesterol (mmol/L) 551+1.14 5.27 +1.06 0.1754
HDL-C (mmol/L) 1.66 +0.48 1.75 + 0.64 0.0003 *
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FBG (mmol/L) 5.56 +0.85 5.15+0.62 0.0014 *
Uric acid (umol/L) 231.5+101 258.7 + 73.66 0.0682
eGFR (mL/min/1.73 m?) 87.12 + 13.69 89.44 + 16.42 0.2973
Vitamin D (nmol/L) 64.4 +21.82 62.47 +26.14 0.6360
Systolic BP (mmHg) 129.1£19.6 123.72 +14.92 0.0060 *
Diastolic BP (mmHg) 81.24+11.5 78.1+9.67 0.0155 *
SCORE 2/SCORE 20P 4.66+3.9 6.57 +5.88 0.1344
LVEF (%) 58 +4.9 60.22 + 6.24 0.0083 *
MAPSE (mm) 12.59 +1.74 13.66 +2.39 0.0024 *
GLS (%) -19.6+2.83 -21.25+2.2 0.0037 *
LVEDD (mm) 50.17 £ 8.14 48.17+3.8 0.0768
Wave A (m/s) 0.78 +0.17 0.72+0.17 0.6147
Wave E (m/s) 0.66 +0.14 0.81+£0.17 <0.0001 *
Ratio E/A 0.96 +0.31 1.12+0.49 0.0037 *
LAVI ml/m?2 15.45 £3.21 16.31+£1.6 0.0687
Median (range) Median (range) Man_v;h\?;i};U Test

LASr (%) # 27 (9.56-56) 40 (14-59) <0.0001 *
Wave eo(m/s) # 0.08 (0.04-0.17) 0.13 (0.06-0.19) 0.0364 *
Ratio E/eo# 8.22 (3.46-18) 8 (3.93-14) 0.6528
SrE (1/s) # -1 [-2.46—(1)] -2.1[-3.59—(-0.8)] <0.0001 *
SrA (1/s) # -1.46 (-2.05-0.5) -1.43 [-3.38—(-0.64)] 1.0000
IVRT ms # 121 (64-173) 78 (60-91) <0.0001 *
Troponin T (ng/L) # 5.24 (3-30.3) 5.87 (3-23) 0.7268
NT-proBNP (pmol/L) # 60 (5-595) 65.5 (13—400) 0.9166
Klotho # 3.08 (0.56-31.1) 3.73 (2.1-5.87) 0.3974

Abbreviations: BMI—body mass index; CRP—C-reactive protein; eGFR—estimated glomerular
filtration rate; ESR—erythrocyte sedimentation rate; FBG—fasting blood glucose; GLS—global
systolic longitudinal strain; HDL-C—high-density lipoprotein cholesterol; IVRT —isovolumic
relaxation time; LASr—peak systolic left atrial reservoir strain; LAVI—left atrial volume indexed to
the body surface area; LVEDD —left ventricle end diastolic diameter; LVEF —left ventricle ejection
fraction; MAPSE —Mitral Annular Plane Systolic Excursion; n—number; NT-proBNP —N-terminal
pro-Brain Natriuretic peptide; % —percentage; SD—standard deviation; SpA —spondyloarthritis;
SrA —peak strain rate of left atrium contractile phase; StE—peak strain rate of the left atrium conduit
phase; Wave A—late peak diastolic mitral inflow velocity; wave E—early peak diastolic mitral
inflow velocity; wave e—early diastolic mitral annular velocity; SCORE 2/SCORE 20P —systematic
coronary risk evaluation, age 4069 years/older persons, age 70-89 years. * Statistical significance
(p) < 0.05 considered significant in all tests performed. The number of subjects for individual
parameters in the group of patients with SpA ranged from 58 to 298, and in the control group it was
from 21 to 57. The sign # indicates groups with n < 50, which were analyzed by the Mann-Whitney
U test, and the other groups by Student's ¢ test.

3.2. Clinical, Laboratory and Echocardiographic Characteristics of Patients with SpA

Table 1 shows the clinical, laboratory, and echocardiographic findings in patients
with SpA and controls. Clinical parameters such as age and BMI, and laboratory
parameters such as ESR, CRP, and total cholesterol, did not differ significantly between
patients with SpA and controls. HDL-C level was lower and FBG was higher in the SpA
group (p = 0.0003 and p = 0.0014, respectively). Uric acid, eGFR, and vitamin D did not
differ significantly. Systolic and diastolic BP were higher in patients with SpA than in
controls (p = 0.0060 and p = 0.0155, respectively). No significant difference was observed
in SCORE2/SCORE2-OP values between the groups.
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The echocardiographic parameters LVEF and MAPSE were lower (p=0.0083 and p =
0.0024, respectively), and GLS was worse (less negative) (p = 0.0037), in patients with SpA
than in controls. LVEDD and the A-wave did not differ significantly. The E-wave and E/A
ratio were decreased in patients with SpA compared with controls (p < 0.0001 and p =
0.0037, respectively). LAVI did not differ significantly. LASr (p < 0.0001) and the e’-wave
(p = 0.0364) were lower in patients with SpA than in controls. The E/e’ ratio did not differ.
SrE was lower in patients with SpA (p <0.0001), whereas SrA did not differ significantly.
IVRT was higher in patients with SpA (p < 0.0001). No significant differences were ob-
served in troponin T, NT-proBNP, or Klotho concentrations between the groups.

3.3. Comorbidities and Current Therapy of Patients with SpA

Table 2 shows the comorbidities and current therapy of patients with SpA and con-
trols. Arterial hypertension (p < 0.0001), hyperglycemia (p = 0.0483), osteoarthritis (p <
0.0001), cigarette smoking (p = 0.0008), and vitamin D supplementation (p < 0.0001) were
more prevalent in patients with SpA than in controls. The frequency of hyperlipidemia
did not differ significantly between the groups, while statin use was more frequent in
patients with SpA (p =0.0156). The use of nonsteroidal anti-inflammatory drugs (NSAIDs;
p <0.0001), conventional synthetic disease-modifying antirheumatic drugs (csDMARDs;
p <0.0001), biologic disease-modifying antirheumatic drugs (- DMARDs; p = 0.0155), beta-
blockers (p = 0.0057), and angiotensin-converting enzyme inhibitors/angiotensin II recep-
tor blockers (ACE inhibitors/ARBs; p = 0.0452) were all more common among patients
with SpA than in the control group. Treatment with calcium channel blockers, diuretics,
and antidiabetic medications did not differ significantly between the groups.

Table 2. Comorbidities and current therapy of the patients with SpA and controls.

Comorbidities and Current Therapy Patients with SpA, n (%) Controls Fisher’s Exact Test
n (%) p Value

Arterial hypertension 111 (37.24) 0 (0) <0.0001 *
Hyperglycemia 26 (8.72) 1(1.79) 0.0483 *
Osteoarthritis 78 (26.17) 1(1.75) <0.0001 *

Cigarette smoking 50 (16.77) 1 (1.75) 0.0008 *

Vitamin D supplementation 112 (37.58) 2(3.5) <0.0001 *
Hiperlipidemia 128 (42.95) 21 (36.8) 0.2398

Statin 57 (19.12) 4 (7.01) 0.0156 *

NSAID 186 (62.61) 4 (7.01) <0.0001 *

csDMARD 134 (44.96) 0 (0) <0.0001 *

bDMARD 23 (7.71) 0(0) 0.0155 *

Beta blockers 64 (21.47) 4 (7.01) 0.0057 *

ACE inhibitors/ARBs 75 (25.16) 8 (14.03) 0.0452 *

Calcium antagonist 28 (9.39) 5 (8.77) 0.5582

Diuretics 25 (8.38) 3 (5.26) 0.3108

Antidiabetics 9(3.02) 0 (0) 0.1938

Abbreviations: ACE— Angiotensin-Converting Enzyme; ARBs— Angiotensin II Receptor Blockers;
bDMARD —biologic Disease-Modifying Antirheumatic Drug; csDMARD —conventional synthetic
Disease-Modifying AntiRheumatic Drug; NSAID —Nonsteroidal Anti-Inflammatory Drug; n—
number; SpA —Spondyloarthritis. * Statistical significance (p) < 0.05 considered significant in all tests

performed.
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3.4. Differences in Patients with SpA with Respect to the Vitamin D Concentration

Table 3 presents a comparison of echocardiographic and metabolic parameters be-
tween patients with SpA, stratified according to serum vitamin D concentration using the
lower limit of the physiological range (75 nmol/L) as the cutoff value. The mean + SD se-
rum vitamin D concentration in the vitamin D-insufficient group (n =183) was 53.0 + 13.5
nmol/L. In the group with physiological vitamin D concentrations (n = 77), the mean con-
centration was 90.2 + 14.8 nmol/L.

HDL-C was lower (p = 0.0009) and triglyceride level was higher (p = 0.01) in patients
with vitamin D insufficiency compared with patients with physiological serum vitamin D
concentrations. LDL-C, total cholesterol, FBG, uric acid, and creatinine concentrations did
not differ significantly between the groups. The systolic function parameters LVEF and
LVEDD did not differ significantly between the groups. MAPSE was lower and GLS was
impaired (i.e., less negative) in patients with vitamin D insufficiency versus patients with
serum vitamin D > 75 nmol/L (p = 0.0166 and p = 0.0421, respectively). The diastolic func-
tion parameters E-wave, A-wave, E/A ratio, TR velocity, LAVI, StE, SrA, and E/e’ ratio did
not differ significantly between patients grouped according to serum vitamin D concen-
tration. The e-wave, LASr, and IVRT were all lower in patients with vitamin D insuffi-
ciency than in patients with physiological serum vitamin D concentrations (p =0.0044, p =
0.0050, and p = 0.0052, respectively).

Table 3. Comparison of echocardiographic and metabolic parameters in patients with SpA classified

into groups with respect to the cut-off vitamin D concentration (75 nmol/L).

Vitamin D Vitamin D Student’s f Test

<75 nmol/L (n =183) >75 nmol/L (n = 77)

Mean = SD Mean = SD p Value
Tryglicerides (mmil/L) 1.43 £0.64 1.21 £0.47 0.010 *
HDL-C(mmil/L) 1.45+0.4 1.64 +0.38 0.0009 *
LDL-C (mmol/L) 3.56 £0.96 3.29+1.07 0.0548
Total cholesterol (mmil/L) 556+ 1.1 5.36 £1.29 0.2259
FBG (mmil/L) 5.57 +0.85 5.44 + 0.66 0.3122
Uric acid (umol/L) 221.54 £104.05 232.6+93.91 0.440
Creatinine (umol/L) 72.76 +£17.43 72.69 £13.47 0.9766
LVEF (%) 57.87 £5.06 58.98 + 382 0.1888
LVEDD (mm) 50.06 + 8.49 49.31+4.74 0.5776
MAPSE (mm) 12.29 £ 1.65 13.1+£1.6 0.0166 *
GLS (%) -19.22 £ 3.06 -20.45 2 0.0421 *
Wave E (m/s) 0.65+0.14 0.65+0.12 0.9159
Wave A (m/s) 1.69 £0.15 0.72£0.19 0.4210
E/A ratio 0.98 +0.26 0.94 +0.36 0.4873

Man-Whitney U test

Median (range) Median (range) p value
TR velocity (m/s) # 2.2 (1.19-2.97) 2 (0.67-2.96) 0.6027
LAVI (mL/m?) # 15.7 (10-22.1) 13.6 (11.3-24.8) 0.4260
SrE (1/s) # -0.94 (-2.46—-(-0.45) -1[(-2.16)-(-0.1)] 0.9539
SrA (1/s) # -1.51 (-2.04-0.52) -1.35 [(-2.05)—(-0.86)] 0.4882
E/eoratio # 8.57 (4.52-16.85) 8 (3.46-12.8) 0.1521
Wave eo(m/s) # 0.08 (0.04-0.14) 0.09 (0.07-0.17) 0.0044 *
LASr (%) # 26.25 (9.56-41) 32 (18-56) 0.0050 *
IVRT (ms) # 115.5 (64-169) 129. (78-173) 0.0052 *

https://doi.org/10.3390/jcm15156017



J. Clin. Med. 2026, 15, 6017

11 of 23

Abbrevations: FBG—fasting blood glucose; GLS—global systolic longitudinal strain; HDL-C —high-
density lipoprotein-cholesterol; IVRT —isovolumic relaxation time; LASr—peak systolic left atrial
reservoir strain; LAVI—left atrial volume indexed to the body surface area; LDL-C—Low density
lipoprotein—cholesterol; LVEDD —left ventricle end diastolic diameter; LVEF —left ventricle ejec-
tion fraction; MAPSE —Mitral Annular Plane Systolic Excursion; n—number; % —percentage; SD —
standard deviation; SpA —spondyloarthritis; SrA — peak strain rate of left atrium contractile phase;
SrE—peak strain rate of the left atrium conduit phase; TR velocity —maximal velocity of tricuspid
regurgitation; Wave A —late peak diastolic mitral inflow velocity; wave E—early peak diastolic mi-
tral inflow velocity; wave e —early diastolic mitral annular velocity. The number of subjects for in-
dividual parameters in the group of patients with vitamin D values < 75 nmol/L was from 32 to 179,
and in the group of patients with vitamin D values > 75 nmol/L it was from 19 to 73. The sign #
indicates groups with n < 50, which were analyzed by the Mann—-Whitney U test, while the other
samples were analyzed by Student's ¢ test. * Statistical significance at (p) < 0.05 was considered sig-

nificant.

3.5. Correlations of Vitamin D and Indices of Spondylarthritis Activity with Echocardiographic
Parameters of LV Function in Patients with Spondylarthritis

Figure 2 shows the relationships among vitamin D, ASDAS, and DAPSA and selected
parameters of LV function in patients with SpA.

In univariate analysis, vitamin D concentration showed a weak negative correlation
with GLS (p = 0.009, r = -0.259) (Figure 2A). This correlation: (I) remained significant (r =
-0.327, p = 0.006) and independent of the influence of metabolic factors (FBG, LDL-C,
HDL-C), systolic BP, or statin therapy in multivariate linear regression model L; (II) re-
mained significant (r = -0.390, p = 0.001) and independent of FBG, LDL-C, systolic BP, or
NSAID therapy in multivariate linear regression model II; and (III) became nonsignificant
(p = 0.146, p = -0.172) after adjustment for sex, age, uric acid, creatinine, fasting blood
glucose, and smoking status in multivariate linear regression model III. Age (p = 0.049)
and creatinine concentration (p = 0.028) emerged as significant predictors of GLS. The
overall model explained 21% of the variance in GLS (p = 0.044), with age and creatinine
accounting for approximately 6% and 7% of the variance, respectively.

A weak positive correlation was found between vitamin D concentration and LASr
in univariate analysis (p = 0.010, r = 0.287; Figure 2B), which remained significant inde-
pendent of age and sex in multivariate linear regression model I (n = 78). However, in
multivariate model II, which accounted for vitamin D, LASr, FBG, LDL-C, HDL-C, and
statin therapy, the association between vitamin D and LASr disappeared. The association
between vitamin D and HDL-C was significant (r = 0.315, p = 0.024) and independent of
LASr, FBG, LDL-C, and statin therapy. The model including NSAID therapy was not sta-
tistically significant.

Vitamin D concentration also demonstrated a weak positive correlation with the e’
wave (p = 0.001, r = 0.387; Figure 2C), which remained significant independent of age and
sex in the adjusted model (n = 69). The association between vitamin D and e’ remained
significant (r = 0.438, p = 0.001) and independent of lipid parameters (LDL-C and HDL-C)
or NSAID therapy in multivariate analysis. Multiple linear regression analysis demon-
strated that the associations of vitamin D with the e’ wave and with LDL-C were signifi-
cant (r = 0.416, p = 0.001 for the e’ wave; r = —0.237, p = 0.049 for LDL-C) and independent
of HDL-C or statin therapy.

A significant but weak negative correlation between ASDAS and MAPSE was ob-
served in univariate analysis (p = 0.004, r = -0.271; Figure 2D), which disappeared after
adjustment for FBG and uric acid levels (model I) or after adjustment for FBG, systolic BP,
LDL-C, HDL-C, and statin therapy (model II).
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ASDAS showed a weak association with IVRT in univariate analysis (p = 0.019, r =
—0.315; Figure 2E), which remained significant independent of age and sex in multivariate
analysis (n = 55). The associations of ASDAS with IVRT and with HDL-C remained signif-
icant (r = 0.347, p = 0.013 for IVRT; r = -0.286, p = 0.038 for HDL-C) and independent of
LDL-C or NSAID therapy. Similarly, the associations of ASDAS with IVRT and with HDL-
C were significant (r = 0.316, p = 0.031 for IVRT; r =-0.286, p = 0.042 for HDL-C) and inde-
pendent of LDL-C or statin therapy in multiple linear regression analysis.

A significant positive correlation was observed between DAPSA and IVRT (p =0.024,
r = 0.322; Figure 2F). The associations of DAPSA with IVRT and with LDL-C were also
significant (r = 0.399, p = 0.009 for IVRT; r = 0.358, p =0.018 for LDL-C) and independent of
HDL-C or statin therapy. IVRT and LDL-C emerged as significant and independent pre-
dictors of DAPSA activity (r = 0.428, p = 0.005 for IVRT; r = 0.334, p = 0.027 for LDL-C),
even after adjusting for HDL-C and NSAID therapy.
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Figure 2. Correlation of echocardiographic parameters, vitamin D, Axial Spondyloarthritis Disease
Activity Score [ASDAS] and Disease Activity Index for Psoriatic Arthritis [DAPSA] in patients with
spondyloarthritis [SpA], n 298. The correlations of vitamin D and (A) global longitudinal strain
[GLS]; (B) peak systolic left atrial reservoir strain [LASr] and (C) early diastolic mitral annular ve-
locity [wave e are shown in dot plots of the upper line. The correlations of ASDAS and (D) mitral
annular plane systolic excursion [MAPSE] and (E) isovolumic relaxation time [IVRT] are shown in
the dot plots of the middle line. The correlation of DAPSA and (F) IVRT and (G) wave eeare shown
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in the dot plots of the lower line. Level of significance (p) less than 0.05 and correlation coefficients
[r] > 0.25 were considered significant in Pearson univariate analysis. Significance is shown with as-

terisks [*] above scatter plots. The number of paired parameters for correlation was from 49 to 110.

DAPSA was significantly negatively correlated with the e’ wave (p =0.019, r =-0.313;
Figure 2G). This association was not further influenced by age or sex (n = 56). The e’ wave
emerged as a significant and independent predictor of DAPSA (r =-0.296, p = 0.039), even
after adjusting for lipid parameters (LDL-C and HDL-C) and statin therapy. The model
including NSAID therapy was not statistically significant.

Supplementary Table S1 shows correlations between vitamin D and inflammatory
indicators (ESR, CRP, VAS for total pain, VAS for axial pain, ASDAS, DAPSA, BASDAI),
the index of patient functionality (BASFI), and echocardiographic parameters such as
LVEF, LVEDD, MAPSE, IVRT, and E/e’ ratio; none of these relationships was significant.
Neither ASDAS nor DAPSA correlated with LVEF, GLS, LVEDD, LASr, E/e’ ratio, or the
e’ wave (Supplementary Table S1). DAPSA also did not correlate with MAPSE (Supple-
mentary Table S1).

3.6. Relationship of Vitamin D and Indexes of Spondyloarthritis Activity with Echocardiographic
Parameters in Patients with Psoriatic Arthritis

Figure 3 shows the interdependence of vitamin D and SpA activity parameters
(ASDAS and DAPSA) with LV echocardiographic parameters in the subgroup of patients
with SpA consisting of patients with PsA.

A statistically significant negative correlation was found between vitamin D and
ASDAS (r = -0.260), DAPSA (r = -0.297), and GLS (r = -0.542) (Figures 3A, 3B, and 3C,
respectively). In multivariate analysis, vitamin D was significantly correlated with GLS (p
= 0.002) after controlling for FBG and statin and NSAID use, neither of which was signifi-
cantly related (n =40; R? = 0.283; p = 0.018). However, the correlations between vitamin D
and ASDAS, and between vitamin D and DAPSA, became nonsignificant after controlling
for FBG, LDL-C, and statin or NSAID use.

Vitamin D was positively correlated with the e’ wave (p = 0.0003, r = 0.628; Figure
3D). Multivariate linear regression analysis confirmed that vitamin D was significantly
correlated with the e’ wave (p <0.001; 56% unique variance) and with statin use (p = 0.020;
8% unique variance) after controlling for FBG, which was not significantly correlated (N
=29; R2=0.668; p <0.001). Vitamin D was inversely correlated with the E/e’ ratio (p=0.0464,
r = -0.335; Figure 3E). In multivariate analysis, this correlation was not significant after
controlling for FBG and statin therapy.

ASDAS and DAPSA were significantly positively associated (r = 0.643; Figure 3F).
ASDAS was correlated with DAPSA (43% unique variance; p < 0.001) after controlling for
FBG, LDL-C, and statin or NSAID use, none of which significantly affected their relation-
ship (N =76; R2=0.507; p <0.001). ASDAS was inversely associated with LVEF (p =0.0157,
r =-0.290; Figure 3G), and this correlation remained significant after controlling for FBG
and statin use, neither of which significantly influenced it (N = 61; R? = 0.149; p = 0.026).
Additionally, ASDAS was negatively associated with MAPSE (p = 0.0005, r = —0.525; Fig-
ure 3H). In multivariate analysis, ASDAS was correlated with both MAPSE (10% unique
variance; p = 0.016) and glucose (14% unique variance; p =0.004) after controlling for statin
use, which did not significantly affect the correlation (N = 44; R2=0.397; p < 0.001).

DAPSA was inversely correlated with the E-wave (p = 0.0444, r = -0.316; Figure 3I),
although this correlation became nonsignificant after controlling for FBG and statin ther-
apy.

Vitamin D, ASDAS, and DAPSA were not correlated with any other echocardio-
graphic parameters of LV function (Supplementary Table S2).
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Figure 3. Correlation between left ventricular systolic and/or diastolic parameters, vitamin
D, Axial Spondyloarthritis Disease Activity Score [ASDAS] and Disease Activity Index for
Psoriatic Arthritis [DAPSA] in patients with Psoriatic Arthritis [PsA]. The correlations of
vitamin D and (A) ASDAS; (B) DAPSA; (C) global longitudinal strain [GLS]; (D) early
diastolic mitral annular velocity [wave ed]; (E) ratio E/eg The correlations of ASDAS and
(F) DAPSA; (G) left ventricular ejection fraction [LVEF] and (H) mitral annular plane sys-
tolic excursion [MAPSE]. Correlation of DAPSA and (I) peak early diastolic mitral inflow
velocity [wave E]. Level of significance (p) less than 0.05 and correlation coefficients [r] >
0.25 were considered significant in Pearson univariate analysis. Significance is shown with
asterisks [*] above scatter plots. The number of paired parameters for a particular correla-

tion was from 36 to 88.

4. Discussion

In patients with SpA, many circulating cytokines, including IL-17, IL-23, IL-1, IL-6,
and tumor necrosis factor-alpha (TNF-a) [36-39], can incorporate into the endothelial gly-
cocalyx and alter its physiological structure and function [40], thereby damaging the un-
derlying endothelium. Damaged endothelium is the starting point for many diseases, in-
cluding comorbidities of SpA such as hypertension, central obesity, diabetes, atheroscle-
rosis, and vascular narrowing [41-45]. The more frequent use of NSAIDs, csDMARDs,
and bDMARD:s in patients with SpA than in controls is considered beneficial for the
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endothelium and may help prevent CV events through treatment of inflammation [43].
This is especially important in patients who smoke, as SpA severity is more pronounced
in smokers [44], who were numerous among our patients with SpA. In this study, patients
with SpA were more frequently diagnosed with arterial hypertension and hyperglycemia
(diabetes or insulin resistance) than controls, consistent with an increased classic CV risk
[23,46]. Patients with SpA showed elevated office BP, higher FBG, and decreased HDL-C
concentration, suggesting a diabetic-like pattern of findings, despite frequent treatment
with statins, beta-blockers, and ACE inhibitors/ARBs. However, the use of antidiabetic
medication did not differ between patients and controls, suggesting that untreated hyper-
glycemia may promote inflammation and pain intensity in patients with SpA, as previ-
ously shown [47,48]. This study was also dominated by women with an average age of
around 55 years, who were more frequently diagnosed with knee osteoarthritis, which is
usually accompanied by hyperglycemia, dyslipidemia, and arterial hypertension—condi-
tions that pave the way for CV disease [49]. It follows that the same pro-inflammatory
mechanisms overlap in metabolic syndrome, CV disease, and SpA.

Here we show that more than one-third of patients with SpA had impaired LV func-
tion. Left atrial deformation analysis and tissue Doppler imaging, together with the full
set of diastolic parameters, revealed that the E-wave, e’ wave, E/A ratio, LASr, and SrE
were significantly lower, while IVRT was higher, in patients with SpA compared with
controls. Consistent with this, patients with r-axSpA had a worse E/A ratio and prolonged
deceleration time and mean IVRT compared with controls, indicating diastolic dysfunc-
tion [22]. We also found decreased parameters of LV systolic function (LVEF, GLS, and
MAPSE) in patients with SpA compared with controls, consistent with recent findings by
Baniaamam et al. [50]. These findings demonstrate that diastolic function—primarily pa-
rameters of early myocardial relaxation—shows a substantially greater degree of subclin-
ical impairment than systolic function [51]. Advanced tissue deformation analysis reveals
functional alterations well before major volumetric changes occur in patients with axial
SpA [52]. Indeed, LVEDD did not change significantly in our patients. Notably, the extent
of this impairment is strictly dependent on age and sex, as advanced age and postmeno-
pausal status in women further exacerbate the decline in diastolic parameters through the
synergistic effects of aging and chronic inflammation [53].

Inflammation is a key driver in the development of various heart failure phenotypes
[23], including heart failure in patients with SpA [54]. Unresolved inflammation in SpA
leads to left atrial and ventricular remodeling through immune-mediated myocarditis
[54,55] and, over time, to fibrosis with diastolic and/or systolic heart failure [56]. Inflam-
matory cardiomyopathy —that is, heart failure without a history of CV disease—is more
common in patients with SpA than in healthy controls [51].

In practice, inflammation in patients with SpA is assessed through disease activity
parameters based on pain assessment. Axial and peripheral pain are inherent features of
SpA that become more pronounced during disease activation and worsen comorbidities
and the patients overall health [57]. Therefore, the patientes subjective assessment of pain
and the more objective composite indices for assessing predominantly axial activity
(BASDAI and ASDAS) [28] and predominantly peripheral activity (DAPSA) [27] essen-
tially reflect inflammation, although pain itself is assessed clinically [57]. ASDAS ap-
peared to be weakly and negatively correlated with MAPSE in univariate analysis. In mul-
tivariate analysis, this correlation was independent of vitamin D; however, metabolic fac-
tors (glucose and uric acid) significantly influenced the relationship between ASDAS and
MAPSE, and the correlation became nonsignificant in the multivariate model. Thus, the
observed correlation between ASDAS and MAPSE can be entirely explained by confound-
ing factors in our multivariate model. Accordingly, the positive correlation between
HbA1c and parameters of mitral inflow and tissue Doppler echocardiography in patients
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without diabetes, observed in univariate analysis, disappeared after controlling for age,
sex, systolic BP, hypertension, cigarette smoking, BMI, and LDL-C [58]. This loss of sig-
nificance between ASDAS and MAPSE in multivariate analysis contrasts with the notion
that subclinical early diastolic dysfunction is related to inflammation [51,59]. However,
ASDAS and DAPSA were significantly associated with prolonged IVRT even after con-
trolling for NSAID and statin therapy, age, sex, and LDL-C or HDL-C, indicating a signif-
icant association between inflammation and diastolic dysfunction, as reported by other
researchers [22,51,59], although a causal relationship between these parameters cannot be
inferred from correlation analyses. Additionally, DAPSA was negatively correlated with
the e’ wave. The literature shows marked discrepancy in the reported prevalence of dias-
tolic dysfunction in patients with SpA using the tissue Doppler parameter e’, ranging from
16.6% [22] to 53% [50]. According to our data, the e’ wave emerged as a significant and
independent predictor of DAPSA, even after adjusting for lipid parameters (LDL-C and
HDL-C) and statin therapy, neither of which showed a significant effect.

Patients with SpA —especially those with PsA, who accounted for 48% of the study
group—showed a pronounced metabolic syndrome, which in itself represents a high CV
burden in PsA [60], since the degree of diastolic dysfunction may be independently asso-
ciated with metabolic syndrome [20]. About 20% of patients with PsA have hyperlipopro-
teinemia, 40% have obesity, 70% are at risk of diabetes, and increased carotid intima-me-
dia thickness and asymptomatic heart failure are more frequent [61]. Patients with psori-
asis may also have asymptomatic cardiomyopathy even in the absence of traditional CV
risk factors [61]. It is now considered that the total CV risk present in 43% of patients with
PsA is associated equally with classic CV risk factors and inflammatory conditions [60,61].

In patients with PsA, we found that ASDAS and DAPSA were significantly correlated
with one another independently of FBG, LDL-C, and statin and NSAID use, which was
not the case when all SpA subtypes were pooled together. Notably, 25-70% of patients
with PsA develop the axial form of the disease [62]. However, an increase in ASDAS, but
not DAPSA, was associated with worsening systolic LV function, measured by MAPSE
and LVEF, in univariate analyses. This association remained significant after controlling
for FBG and statin use, confirming more severe disease in patients with axial PsA than in
peripheral PsA [62]. The only significant correlation between DAPSA and echocardio-
graphic parameters was with the E-wave, which became nonsignificant after controlling
for FBG and statin therapy.

Vitamin D deficiency is associated with the highest risk of CV disease incidence [63],
owing to the absence of cardioprotective, anti-inflammatory, and antifibrotic signaling
pathways [64] mediated by 25(OH)D3 binding to its widely distributed receptors on car-
diac myocytes, endothelial cells, and fibroblasts [65]. Lower vitamin D levels, found in up
to 90% of patients with chronic heart failure, are associated with adverse LV remodeling
[65], involving structural and functional changes that lead to diastolic and, subsequently,
systolic heart failure [64]. Low vitamin D concentrations (below 40-50 nmol/L) have been
observed in patients with active r-axSpA [66] and in patients with PsA [67]. In this study,
patients with SpA and vitamin D insufficiency showed worse diastolic parameters (LASr,
IVRT, and the e’ wave), lower MAPSE and impaired GLS—indicating LV systolic impair-
ment [68] —and a worse lipid profile than patients with sufficient vitamin D. This is con-
sistent with findings that vitamin D supplementation reduces extracellular fibrotic depo-
sition and improves myocardial contraction and relaxation [64,69]. However, the associa-
tion between vitamin D and better (more negative) GLS observed in univariate analysis
disappeared after adjusting for sex, age, uric acid, creatinine, and cigarette smoking. Sim-
ilarly, the positive correlation between vitamin D and LASr—a reliable and feasible echo-
cardiographic parameter closely correlated with the severity of both diastolic dysfunction
and clinical heart failure [51] —disappeared after adjusting for HDL-C, LDL-C, FBG, and
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statin use. In patients with SpA, the significant positive association between vitamin D
and the e’ wave, a key tissue Doppler measure of diastolic function [33,34], was independ-
ent of age, sex, LDL-C, HDL-C, and statin use in a multivariate analysis model. However,
association does not equal causation, and it remains an open question whether a stronger
immune response in the context of vitamin D insufficiency can cause causally worsen car-
diac performance in patients with SpA.

We also found no correlation between vitamin D and subjective indices of SpA activ-
ity, such as the patientes perception of SpA activity, total and axial pain, or the composite
BASDALI index. Durmus et al. [70] and Cai et al. [71] previously showed that pain and
BASDAI were inversely correlated with serum vitamin D in patients with r-axSpA, who
represented only 46% of our SpA study group. However, it was recently reported that
vitamin D was not associated with pain or disease activity in Chinese patients with axSpA
[25], which aligns more closely with our results, given that axSpA patients represented
64% of our study group. We also found no correlation between vitamin D and ESR—a
more objective laboratory parameter of SpA activity [70]—or CRP, including composite
scales incorporating CRP, such as ASDAS and DAPSA [26,27]. Previously, an inverse cor-
relation was found between vitamin D and both ESR and CRP in patients with r-axSpA, a
subgroup of SpA patients [70]. An inverse correlation between vitamin D and DAPSA was
demonstrated in patients with pSpA [16], who made up only 36% of our SpA study group,
which may explain why DAPSA showed only a trend toward a negative correlation with
vitamin D in our patients with PsA. In patients with PsA, the negative correlation between
vitamin D and DAPSA became nonsignificant after controlling for FBG, LDL-C, and statin
and NSAID use. Finally, we found no association between serum vitamin D and subjective
parameters of SpA functionality (BASFI), consistent with Kolahi and colleagues [72].

From the above, it follows that vitamin D did not affect SpA activity or patient func-
tionality, as measured in this real-life study in which more than one-third of patients re-
ceived vitamin D supplementation.

The main weaknesses of this research are its observational and cross-sectional design,
which precludes investigation of causal relationships, and the large number of explora-
tory analyses, which increases the possibility of type I error. The high CV burden in pa-
tients with SpA also complicates interpretation of data related to vitamin D and proin-
flammatory CV risk factors. Another limitation was the difficulty of recruiting equal or
sufficiently large numbers of patients in particular subgroups from a single rheumatology
center. The study cohort therefore comprises various SpA subtypes, which may differ in
pathophysiology, inflammatory burden, and treatment; pooling all subtypes together
may obscure subtype-specific associations and hinder comparison of our data with those
of other studies, although the phenotype of our SpA patients is described in detail, and
the significance threshold for correlation coefficients was set at r > 0.25. We also present
here an analysis of correlations among vitamin D, ASDAS, and DAPSA with echocardio-
graphic parameters in patients with PsA specifically, which should be expanded with
more subjects. This research was conducted at a single center, underscoring the need to
extend it to multiple centers to help remove possible bias in clinical, laboratory, and radi-
ological examinations.

5. Conclusions

In this study, we observed that patients with SpA exhibited significant LV impair-
ment compared with controls. This was evidenced by impaired diastolic function—char-
acterized by elevated IVRT alongside reduced E-wave velocity, e’ wave, and LASr—as
well as decreased systolic performance, indicated by lower MAPSE, GLS, and LVEEF.

The inflammatory parameters ASDAS and DAPSA were associated with prolonga-
tion of IVRT after adjustment for age, sex, LDL-C, NSAID, and/or statin use, and DAPSA
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was inversely correlated with the e’ wave after controlling for LDL-C, HDL-C, and statin
use in patients with SpA. The inverse correlation between ASDAS and MAPSE disap-
peared after adjustment for metabolic factors, systolic BP, and statin use. Only the e’ wave
was positively correlated with vitamin D, and this correlation was independent of age,
sex, metabolic factors (LDL-C, HDL-C), NSAID, and statin therapy in patients with SpA.
The weak correlations between the echocardiographic parameters GLS and LASr and vit-
amin D disappeared after adjusting for metabolic factors, age, sex, and statin and NSAID
therapy. Serum vitamin D concentration was not associated with ASDAS, DAPSA, or
BASFI. Patients with SpA and vitamin D insufficiency demonstrated greater impairment
of LV diastolic function (LASr, IVRT, and e’ velocity) and reduced GLS compared with
those with sufficient vitamin D.

It follows from the above that vitamin D was not associated with SpA activity. Pa-
tients with insufficient serum vitamin D levels (<75 nmol/L) showed greater impairment
of systolic and diastolic LV function and a diabetic-like lipid profile compared with those
with sufficient vitamin D. SpA activity, expressed through ASDAS and DAPSA, was pos-
itively correlated with IVRT, and DAPSA was additionally inversely correlated with the
e’ wave, after adjustment for age, sex, metabolic factors, and/or therapy. The e’ wave was
positively correlated with vitamin D when confounding factors were controlled.

These main findings in patients with SpA appear consistent with findings in the sub-
group of patients with PsA, as follows: (I) ASDAS and DAPSA were significantly corre-
lated with one another; (II) ASDAS was inversely correlated with LVEF and MAPSE after
controlling for FBG and/or statin therapy; (III) vitamin D was positively correlated with e’
and negatively correlated with E/e’; and (IV) vitamin D was not independently associated
with ASDAS in patients with PsA. However, causal conclusions cannot be drawn from
correlational analyses.
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Abbreviations

The following abbreviations are used in this manuscript:

250HD3 25-hydroksicholecalciferol
ACE angiotensin-converting enzyme
ARB angiotensin II receptor blocker
ASDAS Ankylosing Spondylitis Disease Activity Score
axSpA Axial spondyloarthritis
BASDAI Bath Ankylosing Spondylitis Disease Activity Index
BASFI Bath Ankylosing Spondylitis Functional Ind
bDMARD biologic disease-modifying antirheumatic drug
BMI body mass index
CRP C-reactive protein
csDMARD conventional synthetic disease-modifying antirheumatic drug
Ccv cardiovascular
DAPSA Disease Activity Index for Psoriatic Arthritis
E wave early peak diastolic mitral inflow velocity
e’ early diastolic mitral annular velocity
eGFR estimated glomerular filtration rate
ELISA enzyme-linked immunosorbent assay
ESR erythrocyte sedimentation rate
FBG fasting blood glucose
GLS global systolic longitudinal strain
HDL C high-density lipoprotein cholesterol
IVRT isovolumic relaxation time
LASr peak systolic left atrial reservoir strain
LAVI left atrial volume indexed to the body surface area
LDL-C low-density lipoprotein cholesterol
LV left ventricle
LVEDD left ventricle end diastolic diameter
LVEF left ventricle ejection fraction
MAPSE Mitral Annular Plane Systolic Excursion
NRS numeric rating scale
NSAR nonsteroidal anti-inflammatory drugs
NT- proBNP  N-terminal pro B-type natriuretic peptide
PSpA peripheral spondyloarthritis
SCORE . . .
2/SCORE 20P systematic coronary risk evaluation
SpA spondyloarthritis
SrA peak strain rate of left atrium contractile phase
SrE peak strain rate of the left atrium conduit phase
TR tricuspid regurgitation
VAS visual analog scale
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