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Abstract

Introduction: Sjogren’s is an autoimmune disease that affects several organs, especially the heart,
and raises cardiovascular risk. Investigating associations of hemoglobin-to-RDW ratio (HRR),
vitamin D status, and cardiac function could provide valuable insights and biomarkers regarding
early cardiovascular risk in patients with SD. Method: This cross-sectional study involved 61 patients
diagnosed with primary Sjogren’s syndrome (pSS) based on ACR/EULAR criteria. Data on
demographics, hematological (Hb, RDW), echocardiography, and serum vitamin D levels were
collected. Echocardiograms were conducted by trained cardiologists following established
guidelines, while vitamin D levels were measured using ELISA, and statistical analyses, including
univariate linear regression, were adjusted for confounders. were performed with SPSS in order to
identify whether HRR tertiles were related to cardiac function and vitamin D status. Results: A study
of 61 Sjogren’s disease patients (mean age 59.8 years, 89% female) revealed that patients with a lower
hemoglobin-to-RDW ratio (HRR <0.98) had significantly higher pulmonary artery pressures (PAPs)
and lower values for the TAPSE/PAPs ratio, contributing to poor right heart function. These
associations were particularly strong in patients with insufficient levels of vitamin D (<30 ng/mL),
while differences in other echocardiographic parameters remained nonsignificant between HRR
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groups. Conclusion: These findings underscore the clinical value of HRR as a composite biomarker
that reflects the interplay between anemia, inflammation, and cardiovascular health in Sjogren’s
disease. They also suggest that vitamin D status may be an important therapeutic consideration to
mitigate cardiopulmonary risks in this population.

Keywords: Sjogren’s disease; hemoglobin-to-RDW ratio; TAPS; TAPSE/PAPs ratio;
vitamin D

1. Introduction

Sjogren’s Disease, a chronic autoimmune disorder characterized primarily by the infiltration of
lymphocytes into exocrine glands, leading to dryness of the mucosal surfaces, but it also has impact
on cardiac function [1]. While not a primary manifestation, cardiac involvement in Sjogren’s Disease
can manifest as conduction abnormalities, such as atrioventricular block, as well as an increased risk
of heart failure and pulmonary hypertension [2].

Hematologic indices, particularly the hemoglobin-to-RDW (HRR), have emerged as potential
biomarkers for assessing disease activity and cardiovascular outcomes in various populations,
including those with inflammatory and autoimmune diseases [3]. The HRR not only reflects oxygen-
carrying capacity but also serves as a composite measure of inflammation, potentially correlating
with cardiovascular disease (CVD) risk [4].

Preliminary evidence indicates that vitamin D deficiency is prevalent among patients with
autoimmune disorders, including SD, and has been implicated in the modulation of immune
responses and cardiovascular health. The role of adequate vitamin D levels, as immunomodulatory
markers, in SS patients was assessed against chronic inflammation and cardiovascular risks,
suggesting that vitamin D deficiency may exacerbate the disease's manifestations and possibly
influence HRR and cardiovascular outcomes [2]

In the context of SS, the link between HRR and cardiac function becomes crucial, given that
patients with severe manifestations often exhibit elevated inflammatory markers and altered
hematologic profiles. Studies have shown that lower levels of HRR are significantly associated with
increased risks of mortality and CVD [5]. Moreover, the role of vitamin D status in SS has gained
attention due to its immunomodulatory functions, suggesting that vitamin D deficiency may
exacerbate the disease's manifestations and potentially influence HRR and cardiovascular outcomes
[5].

Despite emerging evidence linking hematological indices and vitamin D with cardiovascular
outcomes in autoimmune diseases, their interplay in the context of SD remains underexplored [6].
Studies have shown that lower levels of HRR are significantly associated with increased risks of
mortality and CVD. Furthermore, the significant role of vitamin D in modulating immune responses
suggests that vitamin D deficiency may exacerbate the disease's manifestations and possibly
influence HRR and cardiovascular outcomes [7]. In this context, understanding the relationship
between the Hb-to-RDW ratio, cardiac function, and vitamin D status could provide insights into the
pathophysiological mechanisms of cardiovascular involvement in SS and identify potential
biomarkers for early risk stratification. Therefore, this study aims to elucidate the relationship
between the HRR and cardiac function in the setting of Sjogren’s disease while exploring the
implications of vitamin D status.

2. Methods

2.1. Study Population and Data Collection

This cross-sectional study included 61 patients diagnosed with primary Sjogren’s syndrome
(pSS). All patients met the 2016 ACR/EULAR classification criteria for Sjogren’s Syndrome (pSS) [8].
Data collection took place from November 2022 to April 2024 at the F. Coppi et al. [9] International
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Journal of Cardiology 430 (2025) 1331852Cardiology Unit of the University Hospital of Modena and
included 2D/3D echocardiography, ECG, clinical and biochemical assessments, HRCT, and
pulmonary function tests. Inclusion criteria comprised patients aged 18 years or older with a
confirmed diagnosis of Sjogren’s syndrome. Patients had no data of hematology parameters and
Echocardiographic features were excluded. Baseline demographic, biochemical, and hematological
data were systematically recorded for all patients enrolled. Hemoglobin-to-RDW ratio calculated by
dividing Hb by RDW. HRR is categorized based on its tertiles.

2.2. Ethics Statement

The study protocol was conducted based on the Helsinki Declaration and was approved by the
local ethics committee Area Vasta Emilia Nord (protocol no. 275/16). Written informed consent was
obtained from all study participants [9,10]

2.3. Cardiological Evaluation

Cardiovascular risk factors, such as obesity, diabetes, dyslipidemia, smoking, chronic renal
failure, and systemic hypertension, were recorded. ECGs were conducted to detect arrhythmias, and
2D/3D echocardiography was assessed with a Philips EPIQ ultrasound by 2 experienced cardiologists
in specialized echocardiography. Standardized echocardiographic measurements and interpretations
were provided by the American Society of Echocardiography and the European Association of
Cardiovascular Imaging. Structural and functional parameters of both right and left heart chambers
were assessed [10].

2.4. Vitamin D Assessment

Serum 25-hydroxyvitamin D levels were measured at the Clinical Laboratory using an enzyme-
linked immunosorbent assay (ELISA), specifically designed for vitamin D quantification. Serum
levels were set to <30 ng/mL as vitamin D inadequacies according to general clinical guidelines.
Levels above this value were deemed adequate [10].

2.5. Statistical Analysis

Statistical analysis was performed using SPSS version 26 (IBM Corporation, Chicago, IL). Data
were reported as mean + SD for quantitative and number (%) qualitative data. Normal distribution
was determined by the Kolmogorov-Smirnov test. A chi-square test was used to compare categorical
groups, and the Kruskal-Wallis H test was utilized to compare quantitative data between groups. To
evaluate the association between echocardiographic parameters as dependent variables and HRR
tertiles as independent variables (with T3 as the reference group compared to T1 and T2), (3-
coefficients were calculated using univariate linear regression models. The data were adjusted for
potential confounding factors, including age, sex, smoking status, BMI, DM, HTN, Dyslipidemia,
ILD, and duration of disease. A P-value<0.05 was considered significant. GraphPad was used to
create a graph.

3. Results

The study involved 61 participants with Sjogren’s disease, with a mean age of 59.8 + 14.4 years.
The majority were female (88.9%), and 11.1% were male. Nineteen percent were current smokers,
while 38.1% had interstitial lung disease (ILD). A mean body mass index (BMI) was 25.1 + 4.8 kg/m?,
and mean serum vitamin D was 32.4 + 14.6 ng/mL. The prevalence of comorbidities was 32.8% for
hypertension, 23.4% for dyslipidemia, and 6.7% for diabetes mellitus; the mean hemoglobin
concentration was 12.95 + 1.51 g/dL, red cell distribution width (RDW) was 14.53 + 1.67%, and the
mean HRR was 0.90 + 0.16 (Table 1).
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Age, y 59.79+14.41
Mal 7 (111
Sex = (1.1)
Female 56 (88.9)
. No 51 (81)
k
Smoking Yes 12 (19)
LD No 39 (61.9)
Yes 24 (38.1)
BMI 25.11+4.76
VIT.D, ng/mL 32.37+14.56
No 41 (67.2)
HTN
Yes 20 (32.8)
e . No 47 (75.8)
Disl
islipidemia Yes 15 (23.4)
. No 56 (93.3)
Diabet
e Yes 4(67)
HB, mg/dL 12.95+1.51
RDW, % 14.53+1.67
HRR 0.90+0.16
TAPSE, mm 23.39+4.14
STDI, cm/s 13.40+8.45
PAPs, mmHg 28.08+11.64
TAPSE/PAPs 0.93+0.35
FAC_RV, % 40.17+10.2
EF_RV, % 48.23+6.68
Duration of Sjogren’s disease 7.84+6.31

Data presented as mean+SD or number and Percentage. HRR: hemoglobin-to-RDW ratio, ILD: interstitial lung
disease, TAPSE: tricuspid annular plane systolic excursion, PAPs: systolic pulmonary arterial pressure, STDI:
tricuspid annular systolic velocity, TAPSE/PAPs: TAPSE to PAPs ratio, FAC: Fractional Area Change, RV: Right

Ventricle, EF: ejection fraction.

Echocardiographic assessments revealed a mean TAPSE of 23.39 + 4.14 mm, STDI of 13.40 + 8.45
cm/s, PAPs of 28.08 + 11.64 mmHg, and a TAPSE/PAPs ratio of 0.93 + 0.35. The mean FAC_RV and
EF_RV were 40.17 £ 10.2% and 48.23 + 6.68%, respectively (Table 1).

The echocardiographic parameters were analyzed according to HRR tertiles (T3>0.98, T2: 0.87-
0.98, T1 <0.98) in the total patients with Sjogren’s disease, as well as stratified by vitamin D status (30
ng/mL and <30 ng/mL) (Table 2 and Figure 1). In the total patient group (N=61), PAPs were
significantly lower in patients with HRR >0.98 compared to other groups (22.95+7.02 mmHg vs.
22.95+7.02 and 29.68+8.63 mmHg, p=0.017). Additionally, the TAPSE/PAPs were significantly higher
in patients with HRR >0.98 (p: 0.009). All other parameters, including TAPSE, STDI, FAC_RV, and
EF_RYV, did not differ significantly between the HRR groups (Figure 1).

Table 2. Echocardiography parameters according to HRR tertiles in Sjogren’s patients according to VitD

insufficiency.
Vit D 230
HRR T1:<0.87 T12:0.87-0.98 T3:>0.98 p-value
N: 23 10 6 7
TAPSE, mm  24.2+4.58 22.16+5.19 24.4+4.01 0.67
STDI, cm/s 11.97+3.25 23.71+5.33 12.98+1.34 0.21
PAP
> 29.80+10.17 35.83+7.43 23.43+6.29 0.43
mmHg
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TAPSEPAPs  0.88+0.3 0.89+0.41 1.11+0.43 0.42
FAC RV, % 39.01+4.81 36.18+9.37 42.85+£10.57 0.38
EF_RV 49.36+7.78 46.28+5.56 44.76+5.88 0.58
Vit D <30
N: 38 12 14 12
TAPSE, mm 21.97+4.36 23.99+3.32 13.82+10.3 0.1
STDL, cm/s  12.05+2.91 12.43+2.58 12.57+1.69 0.26
PAPs, 29.58+7.59 30.07+4.9 22.67+7.66 0.016
mmHg
TAPSEPAPs  0.79+0.26 0.81+0.17 1.18+0.46 0.004
FAC_RV, % 38.73+12.48 40.66+11.08 43.02+11.56 0.69
EF_RV 49.64+5.56 46.06+9.02 50.29+6.99 0.57

Data presented as mean+SD; Kruskal-Wallis H test has been done. HRR: hemoglobin-to-RDW ratio, TAPSE:
tricuspid annular plane systolic excursion, PAPs: systolic pulmonary arterial pressure, STDI: tricuspid annular
systolic velocity, TAPSE/PAPs: TAPSE to PAPs ratio, FAC: Fractional Area Change, RV: Right Ventricle, EF:

ejection fraction.

Total VitD>30 Vit D<30
EF_RV-+ i 0.069 (-5.322,5.46) ) 5.672(-4.588.15.931) EF_RV- —ai -2.127 (-9.92,5.666)
FAC_RV- — -5.719 (-11.583.0.144) i -6.086 (-14.449.2.277) FAC_RVH i -6.088 (-14.291.2.116)
TAPSEPAPs 4 -0.341 (-0.537,-0.145)*% -0.229 (-0.617.0.159) TAPSEPAPs -0.404 (-0.644,-0.164)*
PAPs— e 7.942 (1.25,14.634)% e 9.48(-0.81,16.847) PAPs— ——— 7.358 (2.304,12.412)+*
STDIH [ 1.496 (-3.609.6.601) e 4.853 (-9.692.19.397) STDIH - -0.135 (-1.962.1.693)
TAPSE- e -1.245 (-3.611.1.120) — -1.167(-5.873.3.538) TAPSE- g 1314 (-4.162,1.534)
T T 1 T T 1 T T 1
-20 -10 0 10 20 20 -10 0 10 20 30 -20 -10 0 10 20
Coef (95 % CI) Coef (95 % CI) Coef (95 % CI)

Figure 1. Comparison of echocardiography parameters in total patients according to HRR tertiles. HRR tertiles
(hemoglobin-to-RDW ratio); T1<0.87, T2: 0.87-0.98, and T3 > 0.98; * P-value<0.05, **p-value: 0.01-0.001. TAPSE:
tricuspid annular plane systolic excursion, PAPs: systolic pulmonary arterial pressure, STDI: tricuspid annular
systolic velocity, TAPSE/PAPs: TAPSE to PAPs ratio, FAC: Fractional Area Change, RV: Right Ventricle, EF:

ejection fraction.

Likewise, comparing patients with vitamin D <30 ng/mL ranked in order of vitamin D levels,
this trend matched, PAPs was significantly lower (p=0.016), and TAPSE/PAPs ratio significantly
higher (p=0.004) in the highest HRR tertile compared to lower tertiles. In comparison, PAPs and
TAPSE/PAPs were not statistically different for patients with vitamin D 230 ng/mL between HRR
tertiles (p = 0.16, p = 0.33, respectively). No differences were seen in other parameter values in HRR
tertiles with respect to each group in which there was a vitamin D subgroup (Table 2).

We used linear regression analysis to identify the association between echocardiographic
parameters and HRR tertiles among Sjogren’s disease patients, stratified by vitamin D status. The
highest tertiles (T3, HRR > 0.98) were defined as the reference group, and the model was adjusted for
age, BMI, smoking, hypertension, diabetes, and dyslipidemia. Patients in the lower HRR tertiles (T1
+ T2 < 0.98) had significantly higher PAPs (3 = 7.94, 95% CI 1.25-14.63, p = 0.021) and lower
TAPSE/PAPs ratio (3 =-0.341, 95% CI -0.537 to -0.145, p = 0.001) when compared with the reference
group. PAPs: 3=7.36 (95% CI2.30-12.41, p = 0.006), TAPSE/PAPs: 3 =-0.404 (95% CI -0.644 to -0.164,
p = 0.002), these associations remained significant in the subgroup having vitamin D < 30 ng/mL,
while no significant effects were observed in patients with vitamin D > 30 ng/mL. Besides TAPSE, S’
(STDI), FAC, and EF showed no statistically relevant differences in HRR groups, yet FAC exhibited
a trend toward reduction in patients with low HRR (8 =-5.72, p = 0.056) (Figure 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Determining factors associated with echocardiography parameters (dependent variables) in patients
with Sjogren disease using a linear regression model according to HRR tertiles (independent variable); T1 and
T2 as a one group and compared with T3 > 0.98 (reference). Data adjusted for age, sex, smoking status, BMI, DM,
HTN, Dyslipidemia, ILD, and duration of disease. * P-value<0.05, **p-value: 0.01-0.001. HRR: hemoglobin-to-
RDW ratio, TAPSE: tricuspid annular plane systolic excursion, PAPs: systolic pulmonary arterial pressure, STDI:
tricuspid annular systolic velocity, TAPSE/PAPs: TAPSE to PAPs ratio, FAC: Fractional Area Change, RV: Right

Ventricle, EF: ejection fraction.

4, Discussion

Our findings demonstrate that a lower HRR is associated with adverse echocardiographic
markers of right ventricular-pulmonary vascular coupling, particularly increased pulmonary artery
pressures and decreased TAPSE/PAPs ratio, in patients with Sjogren’s disease. This relationship is
more pronounced in patients with concomitant vitamin D insufficiency, suggesting a potential
modulatory role of vitamin D status in cardiopulmonary manifestations of Sjogren’s disease.

Elevated RDW and altered HRR have previously been implicated as prognostic hematologic
indices in various cardiovascular conditions and inflammatory diseases [3]. Higher HRR values are
generally associated with lower risks of CVD and mortality. Findings suggest that the HRR provides
a more reliable predictive value compared to hemoglobin and RDW alone. A cohort study indicated
that a unit increase in HRR is linked to significant reductions in both 28-day and 90-day hospital
mortality rates [5]

SS induces a persistent pro-inflammatory state mediated by cytokines (IL-1, IL-6, TNF-a) [11].
These conditions inhibit erythropoietin production and iron metabolism (hepcidin increase),
contributing to anemia of chronic disease (lower hemoglobin). Inflammation also causes increased
oxidative stress, damaging red blood cells and leading to greater heterogeneity in size, reflected as
elevated RDW [12,13]. Studies indicate that Sjogren’s patients with higher systemic inflammation
may exhibit elevated RDW [14,15]. Anemia and increased RDW, and consequently low HRR, are
frequently observed in SS. This impaired loop may lead to worsened inflammation, oxidative stress,
and heart failure [16]

Several studies have shown that reduced hemoglobin-to-RDW ratio (HRR) has been associated
with negative outcomes seen in heart failure, coronary artery disease, and acute coronary syndrome
[17,18]. This ratio is associated with higher mortality, increased subsequent rehospitalization, and
adverse cardiac events. The underlying mechanisms may involve chronic inflammation that
stimulates cytokines (such as IL-6 and TNF-a) and impairs iron metabolism and erythropoiesis. This
causes an increased RDW and decreased hemoglobin production [19]. Anemia exacerbates the
problem by reducing oxygen delivery to myocardial and peripheral tissues, making ischemia
continue to worsen [20]. Further, higher RDW levels induce inflammation and oxidative stress that
lead to endothelial dysfunction, atherosclerosis, and myocardial remodeling. The consequences of
these conditions include poorer outcomes in heart failure, coronary artery disease, and acute
coronary syndrome [20].

Cardiac tissue expressed Vitamin D receptors highly, so that vitamin D regulates cardiomyocyte
hypertrophy, fibrosis, and myocardial contractility [21]. On the other hand, Vitamin D inhibits NF-
kB signaling, a central pathway in inflammatory gene activation in SS [22]. Reducing VitD in SS leads
to Chronic inflammation, endothelial dysfunction, and accelerated atherosclerosis [23,24].
Furthermore, it can exacerbate anemia and alter hematologic indices. This complex increases the risk
of hypertension, coronary artery disease, heart failure, and adverse cardiac remodeling

Mechanistically, chronic inflammation characteristic of Sjogren’s disease promotes cytokine-
mediated disruptions in erythropoiesis and iron metabolism, leading to anemia and increased red
blood cell size heterogeneity. This results in decreased HRR, which correlates with intensified
oxidative stress, endothelial dysfunction, and myocardial injury, thereby contributing to adverse
cardiac remodeling and heart failure.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The study has several limitations. The small sample size and single center are the most important
constraints. A multicenter study would be beneficial in collecting more samples from a diverse range
of races and populations. Another concern is the cross-sectional approach, which could be enhanced
by longitudinally tracking patients over time and evaluating their vitamin D levels, hematological
parameters, and cardiac function.

5. Conclusions

This study highlights the clinical significance of the hemoglobin-to-RBC distribution width
(HRR) ratio as a comprehensive biomarker in Sjogren’s disease. The HRR effectively captures the
complex relationship between anemia, inflammation, and cardiovascular health. Furthermore, the
research indicates that vitamin D levels may play a crucial role in managing cardiopulmonary risks
within this patient population. This finding proposes designing a prospective and interventional
study to confirm the role of vitamin D supplementation and the potential role of HRR in
cardiovascular risk among patients with pSS.
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