The role of hs-CRP and Serum Bilirubin Levels in Patients with Venous Thromboembolism: A cross-sectional study
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Abstract
Background: Venous thromboembolism (VTE), remains a major global health concern due to its high morbidity and mortality. In recent years, attention has shifted toward inflammatory and oxidative biomarkers, such as high-sensitivity C-reactive protein (hs-CRP) and bilirubin, as potential tools for risk assessment and understanding of VTE pathogenesis. This study aimed to evaluate the levels of hs-CRP and serum bilirubin in patients diagnosed with VTE and to investigate their association with clinical presentation and demographic factors.
Methods: The present cross-sectional study consisted of 40 patients admitted to two tertiary care hospitals in Mashhad, Iran, with confirmed VTE (either DVT or PTE) between 2021 and 2022 were evaluated. Laboratory data, including hs-CRP, total bilirubin, and direct bilirubin, were extracted from medical records. Comparative analysis was performed between DVT and PTE groups, as well as across gender and age categories.
Results: Among the participants, 25 (62.5%) were female, and the mean age was 61.82 ± 17.12 years. Elevated hs-CRP levels were observed in the majority of patients across all VTE subtypes, while only 20–30% having values below 10 mg/dL. Patients with PTE were significantly older than those with DVT (p = 0.03). However, no statistically significant differences were found in hs-CRP or bilirubin levels between DVT and PTE patients, nor between genders.
Conclusion: Although hs-CRP levels were elevated among VTE patients, their utility in differentiating between DVT and PTE was limited. Serum bilirubin levels did not significantly vary across subgroups. These findings emphasize the complex pathophysiology of VTE and suggest that hs-CRP and bilirubin may reflect systemic processes rather than specific thrombotic phenotypes. 
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Introduction
Venous thromboembolism (VTE, including deep vein thrombosis (DVT) and pulmonary embolism (PE)) is one of the most important causes of morbidity and mortality across the globe (1, 2). Multiple factors contribute to the development of venous thromboembolism. Likely because there are numerous risk factors, venous thromboembolism was first described with the risk factors of Virchow's triad (venous stasis, injury to the endothelium, and hypercoagulability) needing to come together (3, 4). More recent studies have begun to show the importance of inflammation in the development of thrombus, and the authors propose that inflammation biomarkers can provide an assessment of VTE risk (5-7).
High-sensitivity C-reactive protein (hs-CRP) is an acute-phase protein produced in the liver in response to inflammatory processes. Elevated hs-CRP levels have been shown to correlate with an increased risk for cardiovascular events, and the association with VTE has been investigated (8, 9). According to the meta-analysis conducted by Kunutsor et al. (2017), each one standard deviation increase in log-transformed CRP levels is associated with a 14% increased risk of VTE (5). Similarly, in the Atherosclerosis Risk in Communities (ARIC) study, it was found that individuals with CRP levels in the highest decile (≥8.55 mg/L) had a twofold increased risk of VTE as compared to those with lower levels (10). These findings support hs-CRP as a potentially useful biomarker for risk identification for VTE. Conversely, some studies have not found a significant association between hs-CRP levels and VTE risk. For instance, the Tromsø Study, a large population-based cohort study, concluded that hs-CRP was not associated with future development of VTE (6). These discrepancies may be due to differences in study design, population characteristics, and the timing of hs-CRP measurements relative to VTE events.
Bilirubin is an end product of heme degradation and has antioxidant and anti-inflammatory properties (11, 12). Lower serum bilirubin concentrations have been associated with higher oxidative stress and inflammation, both of which are contributory factors to thrombogenesis (13-15). Duman et al. (2019) found that patients with VTE had significantly lower levels of total bilirubin than healthy controls, which may be protective against thrombus formation. They also reported an independent association with bilirubin levels and VTE alongside hs-CRP concentrations and white blood cells in VTE, thus demonstrating the association between oxidative stress, inflammation, and thrombosis (11).
hs-CRP and bilirubin can potentially be known as VTE risk stratification factors. However, the inconsistencies in the literature highlight the need for further studies on these biomarkers and their contribution to the pathophysiology of VTE. Knowing the connection between these biomarkers and VTE may help with early detection, prevention strategies, and treatment for clinical VTE. This study was conducted to investigate hs-CRP and serum bilirubin levels in patients with VTE and compare results to known normal values. Although it is highly unlikely that we would define a normal biomarker regulation for hs-CRP and bilirubin in the case of VTE, we hope that this study, in combination with others, could provide more evidence on the role of inflammation (hs-CRP) and oxidative stress (bilirubin) in patients with thromboembolic disease.

Methods
Study Design and Setting
The present cross-sectional study was conducted on patients admitted to the two centers affiliated with the Mashhad University of Medical Sciences, Mashhad, Iran, including Imam Reza and Qaem Hospitals, from 2021 to 2022. During the study period, the patients who were admitted to our centers with clinical presentations of an acute venous thromboembolism (VTE) including: pulmonary embolism (PE) or deep vein thrombosis (DVT) were selected by census sampling method due to the following inclusion criteria: patients with confirmed PE on CT pulmonary angiography or lung ventilation perfusion scan, and patients with confirmed VTE on color duplex ultrasound study. However, individuals presenting with a medical history of hepatic, pancreatic, biliary, cardiac, and rheumatological disorders, active malignancies, antiphospholipid syndrome (APS), current active infections, and being under the medication with Phenobarbital and phenytoin, were excluded from our study.
The protocol of the current study was approved by the Research Ethics Committee of Mashhad University of Medical Sciences, Mashhad, Iran (Ref: IR.MUMS.MEDICAL.REC.1399.050). Written informed consent to participate was obtained from all of the participants.


Data collection
Patients' data, including demographic information (age and gender), laboratory data (Total and direct bilirubin, and High-Sensitivity C-reactive protein (hsCRP) levels), and the confirmed diagnosis of the patient (PE or DVT) were documented from each patient's medical records.

Statistical analysis
Although the study was carried out based on the census sampling method, the minimal sample size was calculated. Due to the Duman et al study (11), by considering the mean levels of bilirubin in patients with PE, the minimal required sample size was calculated as 40 patients.
Statistical analyses were conducted using SPSS v.21 for Windows (SPSS, Chicago, Illinois). Quantitative data were expressed as mean ± standard deviation (SD), while qualitative data were presented as frequency (percentage). To compare quantitative variables, an independent sample t-test was utilized, and the chi-square test was applied to qualitative variables. A P value of <0.05 was considered statistically significant.
The distribution of hs-CRP, total bilirubin, and direct bilirubin levels was assessed for normality using the Shapiro–Wilk test. Normally distributed variables are presented as mean ± standard deviation (SD), and comparisons were made using parametric tests. Variables with non-normal distribution are presented as median (interquartile range [IQR]) and compared using non-parametric tests. In Table 3, values represent mean differences from reference (normal) values, while Tables 1 and 2 present raw means ± SD. Table 4 reports medians (with interquartile ranges, IQR) due to non-normal data distribution.
Results
According to the study protocol, 40 patients who presented the inclusion criteria were studied. The studied population consisted of 15 males (37.5%) and 25 females (62.5%). The mean age of them was evaluated as 61.82±17.12 years. The data revealed that the studied population included 12 (30%) patients with DVT, 26 (65%) patients with PTE, and 2 (5%) patients represented both PTE/DVT. Despite the incidence rate of PTE and DVT being 66.7% and 33.4% in females, and 30.8% and 58.3% in males, respectively, there was no significant relationship between gender and diagnosis (dF= 2, 95%CI= 0.32-1.43, P=0.14). Further analysis demonstrated that the mean age of patients with PTE and DVT was 66.8 ± 16.05 and 52.58 ± 16.89 years, respectively. In two patients diagnosed with both DVT/PTE, the mean age was 52.50 ± 3.53 years. Statistical analysis revealed a significant difference in age between the PTE and DVT patient groups, with the PTE group being older than the DVT group (df= 58, 95%CI= 52.09-65.24, P = 0.03). Tale 1 represents the sudden population demographic and laboratory data.
Table 1: Demographic and laboratory data of the studied population
	Variable
	Diagnosis

	
	PTE
	DVT
	PTE/DVT

	Age (year)
	66.80 ± 16.05
	52.58 ± 16.89
	52.50 ± 3.53

	Gender
	Female (%)
	18 (69.20)
	5 (41.7)
	 2 (100)

	
	Male (%)
	 8 (30.8)
	7 (58.3)
	0

	hs-CRP (mg/dL)
	4.1 ± 4.73
	3.21 ± 3.17
	3.89 ± 4.53

	Total bilirubin (mg/dL)
	0.91 ± 0.47
	0.92 ± 0.38
	0.90 ± 0.56

	Direct bilirubin (mg/dL)
	0.44 ± 0.25
	0.34 ± 0.16
	0.40 ± 0.28



There was no statistically significant relationship between gender and levels of total bilirubin (male: 0.8 ± 0.3 mg/dL, female: 0.9 ± 0.5 mg/dL, P = 0.2), direct bilirubin (male: 0.4 ± 0.1 mg/dL, female: 0.4 ± 0.2 mg/dL, P = 0.5), and hs-CRP (male: 3.2 ± 2.9 mg/L, female: 5.6 ± 4.6 mg/L, P = 0.3). Table 2 demonstrates this relationship.

Table 2: Data on the relationship between gender and laboratory markers
	Variable
	Female (mean ± SD)
	Male (mean ± SD)
	P-value

	Total bilirubin (mg/dL)
	0.9 ± 0.5
	0.8 ± 0.3
	0.2

	Direct bilirubin (mg/dL)
	0.4 ± 0.2
	0.4 ± 0.1
	0.5

	hs-CRP (mg/dL)
	5.6 ± 4.6
	3.2 ± 2.9
	0.3



hs-CRP levels were markedly elevated across all patient groups compared to the normal levels. Specifically, only 20% of patients with DVT, 30% of those with PTE, and 20% of patients with PTE in the main artery had hs-CRP levels below 10 mg/dL. According to Table 3, the comparison of the hs-CRP levels in PTE and DVT patients revealed that the hs-CRP levels are significantly higher than normal values in both groups (P=0.013 and 0.004, respectively).

Table 3: The comparison of the hs-CRP levels in PTE and DVT patients with normal levels
	Variable
	Mean differences
	95% CI
	P-value*

	DVT
	28.95
	7.51-50.40
	0.013

	PTE
	35.52
	12.42-58.61
	0.004


*one sample T-test
Additional analysis in Table 4 compared the levels of hs-CRP, total, and direct bilirubin in the studied population due to being a DVT or PTE patient. The data revealed that there is no significant relationship between these variables, while the significance levels (p-values) are reported as 0.746, 0.883, and 0.193 for hs-CRP, total, and direct bilirubin, respectively.
Due to non-normal distribution of hs-CRP values across DVT and PTE groups, these data are presented as median (IQR) and compared using the Mann–Whitney U test, unlike Tables 1 and 2, which present mean ± SD.
Table 4: The comparison of the hs-CRP, total, and direct bilirubin in both DVT and PTE patients
	Variable
	DVT 
Median (IQR)
	PTE
Median (IQR)
	P-value*

	hs-CRP (mg/dL)
	26 (10.27-71.10)
	18 (7-74)
	0.746

	Total bilirubin (mg/dL)
	0.90 (0.62-1)
	0.80 (0.55-1.15)
	0.883

	Direct bilirubin (mg/dL)
	0.30 (0.20-0.50)
	0.30 (0.30-0.60)
	0.193


IQR= interquartile range / * Mann-Whitney U test

Discussion
The present study investigated the potential associations between hs-CRP, serum bilirubin levels, and the occurrence of venous thromboembolism (VTE), including its two primary clinical manifestations: deep vein thrombosis (DVT) and pulmonary thromboembolism (PTE). The data demonstrate that while hs-CRP levels were elevated in both DVT and PTE patients compared to normal levels, these elevations did not show a statistically significant difference between the two groups. Similarly, no significant differences in total or direct bilirubin levels were presented when comparing DVT and PTE patients. However, our findings contribute to the ongoing discourse regarding the role of inflammatory and oxidative stress markers in thrombotic pathophysiology.
Elevated hs-CRP levels, observed in the majority of our VTE patients, could align with the inflammatory theory of thrombogenesis. Inflammation is increasingly recognized as a contributor to venous thrombus formation, possibly by promoting endothelial dysfunction and pro-coagulant activity. Previous studies have shown elevated CRP levels in patients with cardiovascular disease and thromboembolic events, suggesting a shared inflammatory basis (8, 10, 16). In our study, only 20–30% of patients had hs-CRP levels below 10 mg/dL, indicating a high inflammatory burden in VTE presentations. These results are consistent with the findings of Kunutsor et al., who reported a 14% increased risk of VTE for each standard deviation rise in CRP (5). Interestingly, despite elevated levels of hs-CRP, we did not observe statistically significant differences between genders or between VTE subtypes, suggesting that hs-CRP alone may not be sufficient for differential risk stratification within the VTE spectrum. Additionally, the Tromsø study had previously investigated the predictive role of hs-CRP, suggesting that timing and patient selection could influence findings (6); However, our cross-sectional study, limited sample size, and single-point measurements may partly explain the absence of more robust associations.
In terms of serum bilirubin, our study did not find significant differences between PTE and DVT patients or between genders. However, it is important to contextualize these findings. Bilirubin, particularly in its unconjugated form, has demonstrated anti-inflammatory and anti-oxidative effects (12, 14, 17). These properties could theoretically confer vascular protection and reduce thrombotic risk. Duman et al. found lower bilirubin levels among VTE patients compared to normal individuals (11); a finding not entirely represented in our study, possibly due to the absence of a normal control group. The observed lack of statistical significance in bilirubin and hs-CRP variations between VTE subtypes may also be attributed to sample size limitations. Subtle pathophysiological differences between DVT and PTE may probably require greater sample sizes to detect. Additionally, both biomarkers may reflect broader systemic inflammation and oxidative stress without being specific to thrombus location or type.
Another important finding in our study is the age-related distribution of VTE subtypes. Patients with PTE were older than those with DVT, which may be reflective of more complex or delayed clinical courses leading to embolic events. Age has been previously associated with increased thrombotic risk, both due to physiological changes in hemostasis and increased exposure to comorbid conditions (1, 18). Gender distribution also suggested a higher prevalence of PTE in females and DVT in males in our sample, although the differences were not statistically significant. While hormonal factors, especially in premenopausal women or those on hormone replacement therapy, have been implicated in thrombosis risk, our study did not classify by such variables, limiting interpretability.
From a clinical viewpoint, the integration of hs-CRP and bilirubin into VTE risk assessment protocols remains uncertain. Their value may be more prominent in combination with other established risk factors or in longitudinal studies assessing recurrence or complication rates. Future research with larger sample sizes, control groups, and longitudinal follow-up is necessary to validate the predictive and diagnostic value of these biomarkers.

Conclusion 
In conclusion, while elevated hs-CRP levels were a consistent finding among patients with VTE, their discriminatory value between VTE subtypes was limited in this study. Serum bilirubin did not demonstrate significant variation across patient groups but remains of interest given its biological role in modulating thrombotic risk. Our study reinforces the multifactorial nature of VTE and the need for multifaceted biomarkers in risk stratification. Further large-scale prospective studies are required to investigate the precise roles of hs-CRP and bilirubin in the pathophysiology and clinical management of VTE.

Abbreviation list
· DVT: deep vein thrombosis
· VTE: venous thromboembolism 
·  PE: pulmonary embolism
· Hs-CRP: high-sensitivity C-reactive protein
· ARIC: Atherosclerosis Risk in Communities
· APS: antiphospholipid syndrome
· SD: standard deviation
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