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Association Between Complete Blood Count Parameters and Venous Thromboembolism Risk Scores in Hospitalized Patients at a Tertiary Hospital in Nigeria

ABSTRACT
Background: A dose-dependent increase in the risk of venous thromboembolism (VTE) has been reported with higher monocyte counts and red cell distribution width (RDW) in patients with thrombosis. Although the D-dimer assay remains the most widely used biomarker for VTE assessment, it is limited by a high rate of negative imaging results. Moreover, in resource-limited settings such as ours, there is a need for cost-effective screening strategies for VTE risk assessment. Objective: To evaluate the association between Complete Blood Count (CBC) parameters, D-dimer, and Lupus Anticoagulant (LA) with VTE risk scores among hospitalized patients at risk of VTE in Enugu State, Nigeria. 
Methods: The study population comprised medical patients, surgical patients, and healthy control subjects. The study was a cross sectionalstudy, VTE risk was assessed using the Caprini Risk Assessment Model (RAM) and high VTE risk was defined using the Caprini Risk Assessment Model (RAM ≥5). Ethical approval for the study was obtained from the University of Nigeria Research Ethics Committee. 
Results: Among surgical patients, univariate analysis showed no significant association between most assayed parameters and high VTE risk (P > 0.05), except for mean corpuscular haemoglobin concentration (MCHC) (OR: 0.54; 95% CI: 0.30–0.98; P = 0.044). After adjustment for sex, age, body mass index (BMI), and ABO blood group in the multivariate model, the inverse association between MCHC and high VTE risk persisted (OR: 0.39; 95% CI: 0.18–0.86; P = 0.020), alongside a significant association with lymphocyte count (OR: 0.36; 95% CI: 0.30–0.98; P = 0.037). In medical patients, univariate analysis revealed no significant associations between any blood count parameters and high VTE risk (P > 0.05). 
Conclusion: This study demonstrates a significant association between MCHC and VTE risk scores among surgical patients. However, larger studies with longitudinal follow-up are required to establish the predictive value of these parameters for the actual development of VTE events.
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Introduction
Venous thromboembolism (VTE) is a multifactorial disorder resulting from complex interactions between clinical risk factors and prothrombotic predispositions, which may be either acquired or inherited (thrombophilia) (Souto et al., 2000). VTE represents a major global public health challenge and is one of the leading causes of mortality among hospitalised patients worldwide. It is the third most common vascular condition after myocardial infarction and stroke, affecting approximately 300,000 to 600,000 individuals annually in the United States. In Africa, the burden of VTE is particularly pronounced following surgery, pregnancy, and the postpartum period among women, with high prevalence and associated mortality reported (Danwang et al., 2017).
Importantly, VTE is a largely preventable cause of morbidity and mortality among both medical and surgical patients (Kesieme et al., 2016). Globally, thromboembolic conditions were estimated to account for approximately one in four deaths in 2010 (Wendelboe & Raskob, 2016). Evidence from the Global Burden of Disease project, systematic reviews, and population-based studies highlights the substantial incidence, disability-adjusted life-years, and healthcare burden attributable to VTE. Epidemiological data indicate higher VTE incidence among Black populations and lower rates among Asian, Asian-American, and Native American populations, with incidence increasing markedly with advancing age. The relationship between sex and VTE incidence is complex and appears to be modified by age (Heit, 2015).
The pathogenesis of venous thrombosis typically originates in regions of reduced or disturbed blood flow, such as valve pockets in the deep veins of the lower limbs or the venous sinuses (Stone et al., 2017). Blood stasis in these regions leads to reduced oxygen tension and increased haematocrit, creating a hypercoagulable microenvironment. This environment downregulates key antithrombotic proteins preferentially expressed at venous valves, including thrombomodulin and the endothelial protein C receptor (EPCR) (Brooks et al., 2009). Venous thrombosis begins with the formation of small fibrin deposits in areas of low flow, which progressively enlarge, occlude the vessel lumen, and trigger activation of the coagulation cascade. As this process evolves, platelets, fibrin, and red blood cells aggregate to form an intravascular clot, known as a venous thrombus (Behravesh et al., 2017).
Thrombosis underlies major cardiovascular and cerebrovascular conditions, including myocardial infarction, ischaemic stroke, and VTE, and remains a leading global cause of mortality, accounting for up to one in five deaths worldwide in 1990 (Lozano et al., 2012).
Laboratory investigations that support the diagnosis and risk assessment of VTE include complete blood count (CBC), D-dimer assay, lupus anticoagulant and antiphospholipid antibody testing, Factor V Leiden mutation analysis, prothrombin G20210A mutation testing, and assessment of hyperhomocysteinaemia, among others. However, careful clinical evaluation of presenting symptoms, signs, and associated risk factors—together with differentiation from other medical conditions—remains central to accurate diagnosis. Several studies have reported associations between CBC parameters, D-dimer levels, and lupus anticoagulant with VTE risk among hospitalised patients. Nonetheless, uncertainties persist, partly due to limited data and inconsistent findings. These gaps underscore the extent to which VTE diagnosis is frequently missed and thromboprophylaxis underutilised in resource-limited settings such as ours.
MATERIALS AND METHODS
Study Population and Study Setting
This study was conducted among patients admitted to the medical and surgical wards of the Enugu State University Teaching Hospital (ESUTH), Park Lane, Enugu, South-East Nigeria. The study population comprised all patients who met the predefined inclusion criteria during the study period. The study commenced in June 2020 and was completed in November 2020. Apparently healthy individuals with no history of venous thromboembolism or known coagulation disorders were recruited as controls.
Sample Size and Sample Collection
A total of one hundred and thirty-five (135) participants were enrolled in the study. These included 45 patients from the medical wards, 45 patients from the surgical wards, and 45 apparently healthy individuals who served as controls.
Seven millilitres (7 mL) of venous blood was collected aseptically from each participant. Of this, 4.5 mL was dispensed into plain tubes containing 500 µL of 3.2 g/dL trisodium citrate for coagulation assays, while the remaining 2.5 mL was transferred into ethylenediaminetetraacetic acid (EDTA) tubes for haematological analysis.
Preparation of Platelet-Poor Plasma
Citrated blood samples were centrifuged at 2000 revolutions per minute (rpm) for 5 minutes to obtain platelet-poor plasma, which was subsequently used for coagulation assays.
Laboratory Investigations:
Assessment of Risk Factors: Risk factors for venous thromboembolism among hospitalised patients were assessed using the Caprini (2005) risk assessment questionnaire. Haematological Analysis: EDTA-anticoagulated blood samples were used for complete blood count (CBC) and ABO blood grouping. Haematological parameters were analysed using an automated five-part differential haematology analyser (Mythic 022, Switzerland).D-Dimer Assay: D-dimer levels were measured using the Technozym® D-Dimer Enzyme-Linked Immunosorbent Assay (ELISA) kit, following the manufacturer’s instructions. Citrated plasma samples were used for the assay.Lupus Anticoagulant Assay: Lupus anticoagulant (LA) testing was performed using the Technoclot® LA Screen and Technoclot® LA Confirm reagents (Technoclone, Austria), which are based on a simplified dilute Russell’s viper venom time (dRVVT) method. The assays were carried out as one-stage clotting tests using the Mindray C2000-4 semi-automated coagulation analyser. Screening and confirmatory tests were conducted in accordance with the manufacturer’s protocol.

Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS), version 23. Categorical variables, including sex, ABO blood group, point risk factors, and VTE risk assessment categories, were summarised using frequencies and percentages. Associations between categorical variables were assessed using the Chi-square test or Fisher’s exact test, as appropriate. Continuous variables were analysed using one-way analysis of variance (ANOVA), and results were expressed as mean ± standard deviation. A p-value of <0.05 was considered statistically significant.

RESULTS
	Table 1: Socio-characteristics of study population

	Characteristics
	Medical patients
(n=45) 
	Surgical patients (n=45) 
	Control subjects
(n=45) 

	Age (years) Median (IQR)
	49 (35 – 59)
	49 (37.5 – 62)
	21 (20 – 23)

	Gender
	
	
	

	Male n (%)
	23 (51.1%)
	28 (62.2%)
	15 (33.3%)

	Female n (%)
	22 (48.9%)
	17 (37.8%)
	30 (66.7%)

	Weight (kg) Median (IQR)
	62.0 (59.5 – 69.0)
	59 (52 – 68)
	62 (56 – 68)

	Height (m2) Median (IQR)
	1.51 (1.37 – 1.60)
	1.47 (1.42 – 1.57)
	1.57 (1.47 – 1.62)

	BMI (kg/m2) Median (IQR)
	28.6 (26.0 – 32.9)
	28.7 (25.4 – 30.7)
	26.1 (22.6 – 28.8

	ABO Blood group

	A
	13 (28.9%)
	8 (17.8%)
	6 (13.3%)

	B
	5 (11.1%)
	6 (13.3%)
	9 (20.0%)

	O
	27 (60.0%)
	31 (68.9%)
	30 (66.7%)

	VTE Risk factor assessment 
	
	

	Low risk (Score = 0-2)
	5 (11.1%)
	–
	– 

	Moderate risk (Score=3-4)
	6 (13.3%)
	6 (13.3%)
	– 

	High risk (Score ≥5)
	34 (75.6%)
	39 (86.7%)
	– 

	Laboratory parameters
	Median (IQR)
	
	

	WBC (×109/L)
	6.2 (4.5 – 8.1)
	5.7 (4.2 – 7.8)
	4.8 (4.1 – 6.0)

	HGB (g/dl) 
	11.4 (9.5 – 12.7)
	12.2 (11.0 – 14.0)
	12.3 (11.1 – 13.5)

	PLT (×109/L)
	255.5 (181 – 326)
	220 (166 – 285)
	218 (186.5 – 271)

	MPV (fl)
	8.2 (7.7 – 8.7)
	7.7 (7.4 – 8.7)
	8.6 (8.4 – 9.2)

	PCT (%)
	0.20 (0.17 – 0.26)
	0.18 (0.14 – 0.23)
	0.19 (0.16 – 0.23)

	PDW (fl)
	13.3 (12.1 – 14.5)
	13.0 (11.2 – 14.3)
	14.4 (14.0 – 15.2)

	PLCR (%)
	13.2 (11.2 – 16.2)
	11.3 (7.4 – 18.6)
	16.7 (14.1 – 19.8)

	D-dimer (ng/ml)
	275 (131.9 – 767.7)
	490.2 (133.2 – 881.6)
	117 (78.8 – 164.3)

	LA
	0.52 (0.48 – 0.57) 
	0.48 (0.45 – 0.55)
	 – 


Result reported as Frequency and percentage for qualitative data, Median (IQR – Interquartile range) for quantitative data, * Median difference significant at p≤0.05, a – median significantly different compared with control subject at p≤0.05, b – median significantly different compared with surgical patients at p≤0.05
BMI – Body Mass Index, VTE – Venous thromboembolism, HGB – Haemoglobin, WBC – White blood cell, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

The results showed that among all complete blood count parameters assessed, only the median eosinophil count demonstrated a statistically significant difference (p < 0.05). Patients classified as low risk exhibited significantly higher median eosinophil levels compared with those in the moderate- and high-risk categories. With respect to D-dimer levels, the median value in patients with moderate risk was significantly higher (p < 0.05) than that observed in patients with high risk. Additionally, patients in the low-risk category had a significantly lower median D-dimer level (p < 0.05) compared with those in the moderate-risk group. No statistically significant difference was observed in lupus anticoagulant levels across the risk categories (p > 0.05).



To examine the relationship between the assayed parameters and VTE risk, correlation analyses were performed (Table 1). In the overall patient population, only mean corpuscular haemoglobin concentration (MCHC) showed a statistically significant inverse correlation with VTE risk (ρ = −0.216, p = 0.041). When medical patients were analysed separately, MCHC similarly demonstrated a significant inverse correlation with VTE risk (ρ = −0.352, p = 0.018). Among surgical patients, red blood cell (RBC) count showed a significant positive correlation with VTE risk (ρ = 0.350, p = 0.018), while haemoglobin (HGB) exhibited a significant negative correlation (ρ = −0.416, p = 0.005).
Binary logistic regression was subsequently used to evaluate the associations of complete blood count parameters, D-dimer, and lupus anticoagulant (LA) with high VTE risk compared with low/moderate risk. Multivariate models were further adjusted for sex, age, body mass index, and ABO blood group. Univariate and multivariate results are presented in Tables 2–4.
In the overall population (Table 2), only MCHC showed a significant univariate association with high VTE risk (OR: 0.54, 95% CI: 0.30–0.98, p = 0.044). This association remained significant after adjustment (OR: 0.39, 95% CI: 0.18–0.86, p = 0.020), along with lymphocyte count (OR: 0.36, 95% CI: 0.14–0.94, p = 0.037).
Among medical patients (Table 3), significant univariate associations with high VTE risk were observed for MCHC, RBC count, and D-dimer (p < 0.05). These associations persisted in the multivariate model for MCHC (OR: 0.01, 95% CI: 0.01–0.71, p = 0.022), RBC (OR: 6.09, 95% CI: 1.09–34.06, p = 0.040), and D-dimer (p = 0.045). Additional significant associations were observed for lymphocyte count, plateletcrit (PCT), and LA.
In surgical patients (Table 4), haemoglobin was the only parameter significantly associated with high VTE risk in univariate analysis (OR: 0.61, 95% CI: 0.39–0.95, p = 0.030). No parameter remained significant after multivariate adjustment.

	Table 2: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in general patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.08 (0.86 – 1.34)
	0.515
	1.10 (0.86 – 1.40)
	0.457

	Neutrophil (×109/L)
	1.09 (0.88 – 1.35)
	0.426
	1.19 (0.91 – 1.54)
	0.203

	Lymphocyte (×109/L)
	0.71 (0.34 – 1.49)
	0.370
	0.36 (0.14 – 0.94)
	0.037*

	Monocyte (×109/L)
	0.43 (0.05 – 4.06)
	0.464
	0.43 (0.04 – 4.17)
	0.466

	Eosinophil (×109/L)
	0.16 (0.02 – 1.70)
	0.130
	0.08 (0.01 – 1.31)
	0.077

	Basophil (×109/L)
	5.72 (0.0 – 6.16 x 107)
	0.833
	0.21 (0.0 – 7.25 x 106)
	0.860

	RBC (×1012/L)
	1.33 (0.72 – 2.48)
	0.365
	1.10 (0.58 – 2.06)
	0.778

	HGB (g/dl) 
	1.03 (0.83 – 1.28)
	0.821
	0.98 (0.78 – 1.22)
	0.831

	HCT (%) 
	1.01 (0.95 – 1.08)
	0.723
	0.99 (0.93 – 1.06)
	0.809

	MCV (fl) 
	1.00 (0.98 – 1.03)
	0.738
	1.00 (0.98 – 1.03)
	0.725

	MCH (pg) 
	0.85 (0.68 – 1.06)
	0.141
	0.85 (0.65 – 1.10)
	0.222

	MCHC (g/l) 
	0.54 (0.30 – 0.98)
	0.044*
	0.39 (0.18 – 0.86)
	0.020*

	PLT (×109/L)
	1.00 (1.00 – 1.01)
	0.562
	1.01 (0.99 – 1.01)
	     0.130

	MPV (fl)
	0.81 (0.47 – 1.39)
	0.445
	0.77 (0.41 – 1.43)
	0.402

	PCT (%) 
	2.30 (0.0 – 1.6 x 103)
	0.802
	287.63 (0.09 – 9.5x105 )
	0.171

	PDW (fl) 
	1.09 (0.84 – 1.41)
	0.526
	1.09 (0.81 – 1.48)
	0.565

	PLCR (%)
	0.99 (0.92 – 1.06)
	0.713
	0.97 (0.90 – 1.05)
	0.482

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.235
	1.00 (0.99 – 1.00)
	0.239

	 LA
	0.17 (0.0 – 215.60)
	0.629
	0.02 (0.0 – 386.93)
	0.420


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

	Table 3: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in medical patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.01 (0.79 – 1.30)
	0.069
	1.04 (0.76 – 1.44)
	0.796

	Neutrophil (×109/L)
	1.01 (0.80 – 1.28)
	0.109
	1.13 (0.81 – 1.57)
	0.468

	Lymphocyte (×109/L)
	0.92 (0.37 – 2.32)
	0.867
	0.14 (0.03 – 0.82)
	0.029*

	Monocyte (×109/L)
	0.18 (0.01 – 4.89)
	0.308
	0.65 (0.0 – 120.39)
	0.872

	Eosinophil (×109/L)
	0.17 (0.0 – 21.08)
	0.262
	0.0 (0.0 – 19.96)
	0.118

	Basophil (×109/L)
	0.70 (0.0 – 3.31 x 107)
	0.968
	0.0 (0.0 – 8.54 x 105)
	0.430

	RBC (×1012/L)
	3.01 (1.08 – 8.42)
	0.036*
	6.09 (1.09 – 34.06)
	0.040*

	HGB (g/dl) 
	1.39 (0.98 – 1.98)
	0.062
	1.64 (0.95 – 2.82)
	0.075

	HCT (%) 
	1.04 (0.96 – 1.14)
	0.333
	1.08 (0.94 – 1.24)
	0.287

	MCV (fl) 
	1.00 (0.98 – 1.03)
	0.878
	1.02 (0.98 – 1.07)
	0.331

	MCH (pg) 
	0.848 (0.63 – 1.14)
	0.271
	0.79 (0.50 – 1.26)
	0.321

	MCHC (g/l) 
	0.42 (0.19 – 0.92)
	0.030*
	0.01 (0.01 – 0.71)
	0.022*

	PLT (×109/L)
	1.00 (0.99 – 1.01)
	0.815
	1.01 (1.00 – 1.03)
	0.086

	MPV (fl)
	1.03 (0.56 – 1.88)
	0.927
	0.93 (3.6 – 2.42)
	0.876

	PCT (%) 
	9.31 (0.0 – 4.87 x 104)
	0.609
	6.6 x 1012 (4.30 – 1.0 x 1025)
	0.039*

	PDW (fl) 
	1.39 (0.89 – 2.18)
	0.149
	1.15 (0.69 – 1.90)
	0.596

	PLCR (%)
	1.04 (0.94 – 1.16)
	0.445
	0.98 (0.86 – 1.12)
	0.980

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.052*
	1.00 (0.99 – 1.00)
	0.045*

	LA 
	0.03 (0.0 – 28.32)
	      0.454
	0.0 (0.0 – 0.59)
	0.046*


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

	Table 4: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in surgical patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.39 (0.81 – 2.38)
	0.237
	2.31 (0.84 – 6.31)
	0.104

	Neutrophil (×109/L)
	1.46 (0.81 – 2.64)
	0.206
	11.53 (0.89 – 2.59 x 106)
	0.062

	Lymphocyte (×109/L)
	0.50 (0.16 – 1.59)
	0.240
	0.36 (0.05 – 2.45)
	0.296

	Monocyte (×109/L)
	6.18 (0.08 – 506.90)
	0.418
	70.87 (0.05 – 1.05 x 105)
	0.253

	Eosinophil (×109/L)
	0.45 (0.00 – 62.66)
	0.753
	0.48 (0.0 – 8465.01)
	0.993

	Basophil (×109/L)
	2.55 x 1084 
	0.999
	2.70 x 1084 (0.00)
	0.999

	RBC (×1012/L)
	0.34 (0.11 – 1.08)
	0.066
	0.21 (0.02 – 2.88)
	0.240

	HGB (g/dl) 
	0.61 (0.39 – 0.95)
	0.030*
	0.02 (0.0 – 1.43)
	0.073

	HCT (%) 
	0.94 (0.84 – 1.06)
	0.309
	0.22 (0.04 – 1.10)
	0.064

	MCV (fl) 
	1.01 (0.97 – 1.04)
	0.776
	0.00
	0.948

	MCH (pg) 
	0.849 (0.60 – 1.19)
	0.345
	0.60 (0.26 – 1.43)
	0.252

	MCHC (g/l) 
	0.88 (0.32 – 2.47)
	0.810
	0.59 (0.10 – 3.37)
	0.555

	PLT (×109/L)
	1.01 (1.00 – 1.02)
	0.318
	1.01 (0.99 – 1.02)
	0.303

	MPV (fl)
	0.54 (0.23 – 1.26)
	0.154
	0.47 (0.12 – 1.86)
	0.281

	PCT (%) 
	1.92 (0.0 – 1.37 x 105)
	0.909
	46.44 (0.0 – 1.56 x 109)
	0.664

	PDW (fl) 
	0.95 (0.67 – 1.34)
	0.757
	0.99 (0.62 – 1.60)
	0.976

	PLCR (%)
	0.94 (0.85 – 1.04)
	0.247
	0.95 (0.81 – 1.12)
	0.557

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.771
	1.01 (1.00 – 1.01)
	0.271

	 LA
	183.8 (0.0 – 4.69 x 108)
	0.489
	9.2 x 1011 (0.0 – 2.07 x 1028)
	0.151


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

Discussion
Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and pulmonary embolism (PE), remains a common yet largely preventable complication among hospitalized patients. The risk of VTE is heterogeneous and influenced by multiple clinical and biological factors. In this study, complete blood count (CBC) parameters, D-dimer, and lupus anticoagulant (LA) were evaluated in relation to VTE risk among hospitalized medical and surgical patients.
The findings demonstrated significantly elevated white blood cell (WBC) counts, neutrophils, and monocytes, alongside reduced lymphocyte counts, in both medical and surgical patients compared with apparently healthy controls. Furthermore, multivariate analysis revealed a significant association between lymphocyte count and high VTE risk. Leukocyte counts and differentials are known to vary across physiological and pathological states, and leukocytosis has been previously identified as a predictor of venous thrombosis (De Stefano et al., 2010; Palandri et al., 2011). Experimental evidence suggests that recruited leukocytes initiate fibrin formation through blood cell–derived tissue factor (TF), which represents a key trigger for the extensive fibrin deposition characteristic of venous thrombosis (von Brühl et al., 2012; Mansueto et al., 2019). Activated leukocytes also release pro-inflammatory and pro-coagulant mediators, including cytokines, granular enzymes, and damage-associated molecular patterns, which contribute to platelet activation, endothelial dysfunction, and activation of both intrinsic and extrinsic coagulation pathways (Swystun & Liaw, 2016).
Neutrophils play a prominent role in venous thrombosis and post-thrombotic vein wall remodeling, although their precise contribution to thrombus initiation remains incompletely understood (von Brühl et al., 2012). Neutrophils constitute the dominant leukocyte population recruited to sites of DVT and promote thrombogenesis through mechanisms such as neutrophil extracellular trap (NET) formation and platelet–leukocyte aggregation (Diaz et al., 2013). Nicklas et al. (2020) further proposed that neutrophils contribute to early thrombus stabilization via NETosis, while macrophages and intact neutrophils subsequently recognize extracellular DNA through toll-like receptor 9 (TLR9), inducing fibrosis. During later stages of thrombus resolution, macrophages transition toward a pro-resolving phenotype, supported by T-cells and mast cells, while endothelial cells participate by coating the thrombus and undergoing endothelial–mesenchymal transition, processes that may impede DVT resolution.
Monocytes are regarded as a major source of tissue factor in venous thrombosis, either directly or through monocyte-derived microparticles (von Brühl et al., 2012). Circulating monocytes express TF in response to inflammatory stimuli, and elevated monocyte TF activity has been reported in patients with DVT (Kamikura et al., 2005). The MEGA case–control study demonstrated a dose-dependent association between higher monocyte counts—even within reference ranges—and DVT risk (Rezende et al., 2014). Consistent with these findings, this study observed significantly elevated monocyte counts within the reference range in both medical and surgical patients. The reduced lymphocyte counts observed may reflect steroid use, chemotherapy, malignancy, or radiation exposure among hospitalized patients.
Red blood cells (RBCs) have traditionally been considered passive components of thrombi; however, accumulating evidence indicates that they exert important effects on haemostasis and thrombosis (Weisel & Litvinov, 2019). In this study, RBC count and selected red cell indices were significantly lower in medical patients compared with surgical patients and controls. Haemoglobin (HGB) and mean corpuscular volume (MCV) were reduced in medical patients, while only MCV was reduced in surgical patients. Notably, mean corpuscular haemoglobin concentration (MCHC) demonstrated a consistent inverse relationship with VTE risk in the overall hospitalized population and in medical patients. In contrast, among surgical patients, RBC count and HGB showed positive and negative associations with VTE risk, respectively. Logistic regression analysis further identified MCHC as significantly associated with high VTE risk, an association that persisted after multivariate adjustment.
Previous studies have reported conflicting relationships between red cell indices and thrombosis. Jimenez et al. (2009) suggested that low haemoglobin and haematocrit may predispose individuals to thrombosis by reducing blood viscosity and impairing endothelial antithrombotic mechanisms. Conversely, elevated haemoglobin and haematocrit have been associated with increased long-term risk of VTE, particularly in conditions such as polycythaemia vera (Folsom et al., 2020). The reduced RBC, HGB, and MCV observed in this study may reflect anaemia secondary to blood loss, nutritional deficiencies, chronic disease, or inflammation, particularly among medical patients. Anaemia has also been identified as a prognostic factor in pulmonary embolism, with severe anaemia potentially predisposing patients to more rapid thrombus formation (Irace et al., 2011).
The prognostic role of MCHC in VTE remains incompletely understood. In this study, lower MCHC was inversely associated with VTE risk and independently associated with high VTE risk, suggesting that reduced MCHC may serve as a predictor of thrombosis. Supporting this observation, Ruan et al. (2022) reported that low MCHC independently predicted increased mortality in patients with acute pulmonary embolism (APE). MCHC is a reliable marker of iron status and anaemia, with high sensitivity for identifying iron deficiency (Sultana et al., 2013). Additionally, MCHC has been linked to nitric oxide (NO) bioavailability, with evidence indicating that reduced MCHC increases erythrocyte-mediated NO scavenging, thereby promoting vasoconstriction and endothelial dysfunction (Liu et al., 2014; Kline et al., 2017). Reduced NO levels are recognized contributors to adverse outcomes in pulmonary embolism.
Platelet parameters, including mean platelet volume (MPV), platelet distribution width (PDW), and platelet large cell ratio (PLCR), were within reference ranges despite being lower in hospitalized patients. Although thrombocytopenia may theoretically reduce VTE risk, it does not eliminate it (Haque et al., 2011). Platelet size is a recognized marker of platelet activity, with larger platelets exhibiting greater reactivity and aggregation potential (Handtke et al., 2019). However, platelet indices can vary even among healthy individuals, limiting their predictive utility in isolation (Vagdatli et al., 2010).
D-dimer levels were significantly higher in both medical and surgical patients compared with controls, although values largely remained within reference ranges. In medical patients, D-dimer was associated with high VTE risk on univariate analysis. While D-dimer is sensitive, its specificity is limited, particularly among elderly patients and those with comorbidities (Lippi et al., 2013). False elevations may occur due to aging, malignancy, inflammation, or chronic disease (Lozano-Polo et al., 2018; Kim et al., 2019). Nevertheless, elevated D-dimer has been associated with increased risk of VTE recurrence and may correlate with higher Caprini risk scores in hospitalized populations (Verhovsek et al., 2008; Bruinstroop et al., 2009).
Lupus anticoagulant levels were higher among medical patients compared with surgical patients, and multivariate analysis revealed a significant association between LA and high VTE risk. LA is a major antiphospholipid antibody that can be elevated in autoimmune diseases, malignancies, infections, and inflammatory states (Musiał, 2012; Fei et al., 2017). Although the precise mechanisms remain unclear, proposed pathways include interference with the protein C system, disruption of annexin-A5 antithrombotic shielding, complement activation, and activation of endothelial cells, monocytes, and platelets, collectively promoting a prothrombotic state.
Conclusion
The evaluation of haematological parameters represents a simple, inexpensive, and accessible approach to VTE risk stratification in hospitalized patients. This study demonstrates that selected CBC parameters, along with D-dimer and lupus anticoagulant, may provide valuable prognostic information in patients at risk of VTE. Among medical patients, MCHC, RBC count, lymphocyte count, D-dimer, and LA were independently associated with high VTE risk, whereas in surgical patients, haemoglobin showed only univariate association.
Notably, MCHC emerged as a potential independent biomarker for VTE risk and prognosis. Given its low cost and widespread availability, MCHC warrants further attention in VTE risk assessment. Larger prospective studies incorporating detailed clinical data, duration of hospitalization, bleeding risk, and longitudinal follow-up are needed to further elucidate the role of haematological indices in the development and progression of venous thromboembolism.
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Figure 1 Percentage VTE risk factor points occupied by medical and surgical patients
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