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Introduction 

Hypovitaminosis D and dyslipidemia are the purported risk factors of atherosclerosis and cardiovascular diseases (CVD) 

[1]. suPAR is the soluble form of the urokinase plasminogen activator receptor (uPAR), expressed on membranes of various 

Abstract: The mechanistic link between inflammation and atherosclerosis highlights the critical role of immune 

modulation in cardiovascular disease. The soluble urokinase plasminogen activator receptor (suPAR), an immune-

derived factor, has recently emerged as a non-specific inflammatory marker across chronic diseases and infections. 

All cells within the atherosclerotic arterial wall can express uPAR and release urokinase, which plays a key role in 

the etiology of atherosclerosis. Hypovitaminosis D and dyslipidemia are well-recognized risk factors for 

atherosclerosis; however, the relationship between plasma vitamin D levels and suPAR in apparently healthy 

individuals has not yet been fully characterized. This study aimed to explore the utility of suPAR as a potential 

marker of preclinical atherosclerosis and systemic inflammation in the context of hypovitaminosis D. Ninety 

apparently healthy individuals aged 25–55 years were categorized into three groups (n = 30 each) based on plasma 

vitamin D levels: sufficient, insufficient, and deficient. The deficient group was further subdivided into moderately 

and severely deficient subgroups. Lipid profile was assessed spectrophotometrically, C-reactive protein (CRP) and 

suPAR by enzyme-linked immunosorbent assay (ELISA), and vitamin D by electrochemiluminescence 

immunoassay (ECLIA). The neutrophil-to-lymphocyte ratio (NLR) was derived from complete blood count data. 

suPAR levels were significantly elevated in the vitamin D-deficient group compared to the insufficient and sufficient 

groups (p < 0.01 and p < 0.001, respectively). Severe vitamin D deficiency was associated with the highest suPAR 

levels and significant elevations in atherogenic indices, including TC/HDL-C and non-HDL cholesterol. A 

progressive and significant rise in inflammatory biomarkers, CRP, NLR, and suPAR, was observed across the 

spectrum from vitamin D sufficiency to deficiency. In conclusion, elevated suPAR levels may serve as an early 

indicator of vascular inflammation and preclinical atherogenesis in individuals with vitamin D deficiency, supporting 

its potential utility as a biomarker for subclinical cardiovascular risk stratification. 
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cells like activated T lymphocytes, macrophages, and endothelial cells. suPAR acts as plasminogen activator and a key 

regulator of fibrinolysis, being released through proteolytic cleavage of uPAR under inflammatory conditions [2]. Urokinase 

(uPA) converts plasminogen to plasmin which initiates thrombolytic cascade within the arterial wall. All cell types found in the 

atherosclerotic artery wall can express surface uPAR and release uPA, thereby contributing to the initiation and advancement 

of atherosclerotic changes. Accumulating evidence indicates the contribution of urokinase /uPAR pathway in the pathogenesis 

of atherosclerosis [3]. Systemic inflammation is central to the development of CVD, and elevated suPAR levels have been 

shown to regulate monocyte activity, promote vascular inflammation, and accelerate atherogenesis. Increased suPAR 

expression is demonstrated inside the atherosclerotic plaques, where it amplifies the production of inflammatory cytokines 

[4]. Hence, suPAR may be perceived as an indicator of persistent systemic inflammation in CVD. Vitamin D receptors and 

1α-hydroxylase, key enzyme for calcitriol synthesis, are expressed in vascular cells, and their knockout in mice leads to 

hypertension [5]. Although vitamin D modulates immune reactions and inflammatory pathways, suPAR represents a stable 

marker of sustained immune activation and low-grade systemic inflammation, particularly elevated in metabolic disorders and 

chronic infections. Despite these observations, the interrelationship between plasma vitamin D and suPAR in general 

population remains poorly understood. Therefore, the current study aims to evaluate suPAR as a potential inflammatory 

biomarker of preclinical atherosclerosis in vitamin D-deficient individuals who are predisposed to atherosclerotic risk. 

Materials and Methods  

This observational study was conducted after obtaining approval from the Institutional Ethics Committee. Informed 

consent was taken from all participants prior to enrolment. The study cohort comprised ninety apparently healthy males and 

females, aged 25 to 55 years. On the basis of plasma vitamin D values, the participants were categorized into three groups 

of 30 subjects each as vitamin D-sufficient (>30 ng/mL - Group I), vitamin D-insufficient (21-29 ng/mL- Group II), and vitamin 

D-deficient (≤20 ng/mL -Group III). The vitamin D-deficient group was further subdivided into two subgroups of 15 subjects 

each as: Group IIIa (moderately deficient) and Group IIIb (severely deficient) with vitamin D ranging between10-20 ng/mL and 

<10 ng/mL respectively [6]. The exclusion criteria included participants with a history of kidney disease, diabetes mellitus, 

active infections, or current use of vitamin supplements. 

Blood samples collected after overnight fast into heparin vacuum tube were centrifuged at 3000g for ten minutes. The 

plasma separated was aliquoted and stored at -80℃. Lipid Profile was assessed using spectrophotometric methods [7]. 

Vitamin D was measured by ECLIA [8]. Atherogenic indices such as total cholesterol/HDL and non-HDL cholesterol were 

calculated. Sandwich ELISA was used to estimate plasma C reactive protein (CRP) and suPAR [9, 10]. From complete blood 

count neutrophil lymphocyte ratio (NLR) was calculated. 

Data was analyzed using SPSS version 29 (IBM Corp., Armonk, NY, USA). One-way ANOVA was used to compare the 

groups, followed by post hoc Tukey’s test for intergroup analysis. A p-value of <0.05 was considered statistically significant. 

Results 

Table 1 illustrates the baseline characteristics and demographic details of the study population. Serum suPAR values 

showed a progressive increase across vitamin D categories- from sufficient to insufficient to deficient groups (1.99 → 2.14 → 

2.24 → 2.43 ng/mL). Table 2 indicates that suPAR concentrations were markedly elevated in the vitamin D deficiency 

compared to both insufficiency (p < 0.01) and sufficiency (p < 0.001). 

Moreover, severely deficient subgroup showed a marked surge in suPAR levels when compared with moderately deficient 

subgroup (p < 0.01) as displayed in Table 3. Triglyceride levels exhibited an apparent increase in insufficient and deficient 

groups compared with sufficient. Atherogenic lipids, including VLDL and LDL, followed a similar pattern. Though plasma total 

cholesterol did not alter among the groups, HDL levels were lowest in the vitamin D-deficient group and showed a further 

decline in those with severe deficiency (Table 3). Mean HDL levels dropped from 61 mg/dl in vitamin D sufficient group to 48 

mg/dl in severely deficient group, with a fall of ~15 mg/dl between the moderately and severely deficient strata. 

However, atherogenic indices reflected a reverse trend. The TC/HDL ratio showed a significant rise in the vitamin D-

insufficient group (p < 0.01), whereas non-HDL cholesterol levels were significantly higher in the vitamin D-deficient group (p 

< 0.05) compared with the sufficient group. TC/HDL ratio along with non-HDL cholesterol were elevated markedly in the 
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severely deficient subgroup relative to the moderately deficient group, paralleling the rise in suPAR levels (p = 0.004 and p < 

0.05, respectively) (Table 3). However, TG/HDL showed no significant change between the groups.  

A pronounced rise in plasma suPAR and CRP levels was noted in the vitamin D-deficiency (p = 0.04) compared with the 

sufficiency status, with further elevation in the severely deficient subgroup (p = 0.05) (Table 2). Although NLR did not differ 

significantly between Groups IIIA and IIIB, it demonstrated an upward trend along with suPAR (Table 3). As illustrated in Figure 

1, vitamin D levels correlated negatively with suPAR which was statistically significant (r = - 0.384 and p < 0.001). 

 

Fig. 1: Correlation between vitamin D and suPAR  

Table 1: Demographic and baseline data of the subjects (Mean ± SEM) 

 
Group I 

Sufficient group 
Group II 

Insufficient group 
Group IIIA 

Deficient group 

Group IIIB 
Severely 
Deficient 

p value 

Age (range) (years) 28-54 26-54 25-50 25-54 NS 

Female: Male 17:13 16:14 6:9 8:7 NS 

Plasma Vitamin D 
(ng/ml) 

40.53±8.72 24.04 ± 3.36 13.4 ± 0.7 7.0 ± 0.4 0.001 

Plasma 
Creatinine 

(mg/dl) 
0.89 ± 0.14 0.95 ± 0.13 1.13 ± 0.04 1.06 ± 0.05 NS 

BMI 23± 1.3 24.9± 1.0 25.2± 1.0 25± 2.1 NS 

NS - Not Significant  
N = Number of subjects 
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 Table 2: Comparison of atherogenic and inflammatory markers among the 3 groups (Mean ± SEM) 

a - p<0.001 Significantly different from sufficient group 
b - p<0.01 Significantly different from insufficient group 
c - p<0.04 Significantly different from sufficient group 

d - p< 0.05 Significantly different from sufficient group 

Table 3: Comparison of atherogenic and inflammatory markers within Vitamin D deficient group III (IIIA and IIIB)  

 
 

Group IIIA 
(Deficient group) 

Vit D (10-20 ng/ml) 
N=16 

Group IIIB 
(severely deficient) 
Vit D (<10 ng/ml) 

N=14 

p value 

Atherogenic Markers    

Vit.D (ng/ml) 
 

13.37 ± 0.73 6.97 ± 0.42 <0.001 

suPAR (ng/ml) 
 

2.24±0.04 2.43 ± 0.05 0.037 

TG (mg/dl) 125 ± 21 141 ± 13 NS 

TC (mg/dl) 184 ± 13 201 ± 19 NS 

HDL (mg/dl) 62 ± 8 48 ± 4 0.01 

TC/HDL 2.90 ±0.32 4.34 ± 0.33 0.004 

TG/HDL 2.03± 1.8 3.3 ±1.77 
NS 

 
LDL (mg/dl) 

 
110 ± 13 134 ± 15 NS 

VLDL (mg/dl) 
 

31 ± 8 28 ± 3 NS 

Non HDL (mg/dl) 
 

110 ± 14 153 ± 16 0.05 

Inflammatory Markers    

CRP 3.86±0.03 5.58±0.04 <0.05 

NLR 
 

2.50±0.60 2.16±0.32 NS 

N= Number of subjects 
NS=Not significant 

 
Group I 

(Sufficient group) 
Group II 

(Insufficient group) 
Group III 

(Deficient group) 

 N=30 N=30 N=30 

Atherogenic Markers 

Vit.D (ng/ml) 
 

40.53 ± 8.72 24.04 ± 3.36b 
10.29 ± 4.03a 

 

suPAR (ng/ml) 1.99 ± 0.03 2.14 ± 0.05 2.30 ± 0.03 a ,b 

TG (mg/dl) 113 ± 7 128 ± 12 133 ± 12 

TC (mg/dl) 195 ± 9 183 ± 8 192 ± 11 

HDL (mg/dl) 61±5 64 ± 3 54±4 

TC/HDL 3.09 ± 0.30 3.99 ±0.20c 3.59 ± 0.26 

TG/HDL 2.82± 1.8 1.92 ± 0.89 2.65± 1.87 

LDL (mg/dl) 108 ± 10 124 ± 7 123 ± 10 

VLDL (mg/dl) 23 ± 1.38 28 ± 3.24 30 ± 4.22 

Non-HDL (mg/dl) 119 ± 7.80 131 ± 11.08 141 ± 9.80d 

Inflammatory Markers   

CRP 
 

1.54 ± 0.02 3.31 ± 0.03 4.72 ± 0.03c 

NLR 
 

1.71±0.11 2.29 ± 0.48 2.28 ± 0.29 
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Discussion 

Several laboratory and epidemiological studies have linked vitamin D insufficiency to elevated atherogenic lipids which 

are the established indicators of early CVD [1]. Current study undertaken on apparently healthy individuals also supports the 

earlier reports. Vitamin D deficiency may lead to subclinical atherosclerosis in healthy individuals and is a modifiable risk 

factor of CVD [3]. In a study done on ethnic cohort without known cardiovascular disease, elevated suPAR values strongly 

correlated with accelerated atherosclerosis and increased incidence of CVD [1]. This finding suggests that, even within the 

general population, individuals with higher suPAR concentrations are at a higher risk of developing cardiovascular events. 

The results of our study justify the atherogenic role of suPAR in vitamin D insufficient and deficient groups. In the current 

study, increased suPAR levels were associated with higher atherogenic lipids like TG, LDL and atherogenic indices like 

TC/HDL, non-HDL cholesterol, and with lower HDL, especially in vitamin D deficient groups. Elevation of triglycerides and 

reduction in HDL begins well before the increase in LDL, hence can be considered as the earliest markers of atherosclerosis 

[11]. Furthermore, non-HDL cholesterol a predictive marker of persistent dyslipidemia was notably high in vitamin D deficient 

groups where suPAR values were maximum. 

In peripheral artery disease, suPAR turns out to be a nonspecific inflammatory marker of prognostic and predictive utility 

[12]. Upregulation of suPAR in a rodent model of atherosclerosis n increased the plaque size [13] (Drueke TB et al., 2023). 

Activation of uPAR by soluble form of LDL receptor stimulated lipid uptake by macrophage transforming it to foam cell [14]. 

Moreover, patients with unstable angina exhibited increased uPAR expression [15]. 

Elevated suPAR levels contribute to renal inflammation and supresses the activation of vitamin D to calcitriol. Conversely, 

vitamin D therapy prevents glomerular microthrombus formation and protects renal cells by reducing inflammation and 

suppressing both local and systemic suPAR production [16]. Additionally, vitamin D treatment downregulated uPAR 

expression in podocytes in a murine model of chronic kidney disease [17]. These findings justify the inverse association 

between suPAR and vitamin D observed in this study.  

Therefore, it may be hypothesized that hypovitaminosis D may enhance activation of monocytes, macrophages, and T 

cells, leading to upregulation of uPAR and increased suPAR shedding into the circulation. Therefore, vitamin D deficiency 

may indirectly drive suPAR elevation via chronic immune stimulation. 

Calcitriol supresses vascular inflammatory processes that precede atherosclerosis by inducing the formation of anti-

inflammatory molecules and inhibits foam cell formation [18]. Further, in sites of inflammation, macrophages overexpress 

1alpha hydroxylase and lead to unregulated activation of vitamin D to calcitriol. suPAR, a stable marker of immune activation, 

correlates positively with CRP in several infectious diseases [19] and acts as a predictor of deterioration in various 

inflammatory conditions [20]. This aligns with the findings of our study, where elevated CRP and suPAR levels were observed 

in subjects with vitamin D insufficiency and deficiency. Compared to CRP, suPAR demonstrates greater in vivo stability, making 

it a more reliable marker of subclinical immune activation [21]. uPAR is widely expressed on leukocytes involved in 

inflammatory pathogenesis [22]. In this study, NLR a gold standard inflammatory marker of metabolic diseases was elevated 

along with suPAR in vitamin D-deficient and insufficient subjects. NLR has been reported as a strong predictor of vitamin D 

insufficiency and tends to rise in hypovitaminosis D [23, 24]. Vitamin D also suppresses pro-atherogenic T lymphocyte activity 

[25]. The observed positive association between suPAR and NLR supports suPAR’s potential role as a stable marker of low-

grade inflammation, reflecting immune activation even in the absence of overt disease. 

Conclusion  

Overall, it can be concluded that elevated suPAR may be considered as a good marker of preclinical atherogenesis in 

vitamin D deficiency. suPAR could be a promising candidate that represents initial inflammatory process that precede 

atherosclerosis. 

Our findings warrant prospective longitudinal studies with adequately powered cohorts to elucidate the mechanisms by 

which vitamin D regulates suPAR levels in atherogenesis.  
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