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ABSTRACT

Background
Thrombocytopenia is a common hematological abnormality encountered in clinical practice and is associated with a wide spectrum of etiologies ranging from transient infections to chronic systemic disorders. The clinical significance of thrombocytopenia depends not only on platelet count but also on the underlying cause and platelet functional parameters.
Aim
To evaluate the clinical and laboratory profile of patients with thrombocytopenia and to assess the association between platelet count, platelet indices, and bleeding manifestations.
Materials and Methods
This hospital-based cross-sectional observational study was conducted in the Department of General Medicine at a tertiary care teaching hospital over a period of 18 months. A total of 110 adult patients with platelet counts less than 100,000/µL were included. Detailed demographic and clinical data were recorded. Laboratory evaluation included complete blood count with platelet indices—mean platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT), and platelet large cell ratio (P-LCR). Statistical analysis was carried out using SPSS software. Associations between categorical variables were assessed using the Chi-square test, while the comparison of mean platelet indices between groups was performed using an independent t-test. A p-value <0.05 was considered statistically significant.
Results
The majority of patients were aged 31–45 years with a male predominance (61.8%, p=0.013). Fever was the most common presenting symptom (70.9%, p<0.001), and bleeding manifestations were observed in 34.5% of patients. Dengue fever was the leading cause of thrombocytopenia (35.5%, p<0.001). A statistically significant association was found between bleeding manifestations and severe thrombocytopenia (<20,000/µL), with 85.7% of these patients experiencing bleeding compared to only 15.4% in those with counts >50,000/µL (p<0.001). Furthermore, patients with bleeding had significantly higher MPV (12.1±1.3 vs. 10.7±1.2 fL, p<0.01) and PDW (18.4±2.1% vs. 15.9±2.0%, p<0.01), and lower PCT (0.09±0.03% vs. 0.13±0.04%, p<0.05) compared to those without bleeding.
Conclusion
Thrombocytopenia is predominantly caused by infectious etiologies in tropical regions. The statistical analysis confirms that while severe thrombocytopenia is strongly associated with bleeding risk, platelet indices—specifically MPV, PDW, and PCT—serve as valuable independent adjunctive markers for assessing bleeding risk and understanding underlying mechanisms, aiding in improved clinical evaluation and management.
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INTRODUCTION
Thrombocytopenia is one of the most frequently encountered hematological abnormalities in clinical practice and is defined as a reduction in peripheral blood platelet count below 150,000/mm³. Platelets play a crucial role in primary hemostasis, and a reduction in their number may predispose individuals to bleeding manifestations ranging from minor petechiae to life-threatening hemorrhage. However, the severity of bleeding does not always correlate directly with platelet count, emphasizing the need for a comprehensive clinical and laboratory evaluation in affected patients.¹
The pathophysiology of thrombocytopenia can broadly be attributed to four major mechanisms: decreased platelet production in the bone marrow, increased platelet destruction, abnormal platelet distribution or sequestration (commonly in splenomegaly), and pseudothrombocytopenia due to laboratory artifacts.²˒³ A wide spectrum of conditions including infections, nutritional deficiencies, autoimmune disorders, chronic liver disease, malignancies, and drug-induced causes contribute to thrombocytopenia, making it a diagnostic challenge for clinicians.⁴
In tropical countries like India, thrombocytopenia is frequently associated with acute febrile illnesses, particularly infectious diseases such as dengue fever, malaria, enteric fever, and septicemia. Dengue fever has emerged as one of the leading causes of thrombocytopenia, especially during seasonal outbreaks, and is often associated with significant morbidity.⁵ Several studies have demonstrated that a large proportion of patients with thrombocytopenia present without overt bleeding manifestations, even at markedly low platelet counts.⁶ This highlights the importance of identifying reliable laboratory parameters that can predict bleeding risk and guide appropriate platelet transfusion strategies.
Recent advances in automated hematology analyzers have enabled the assessment of platelet indices such as mean platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT), and platelet large cell ratio (P-LCR). These indices provide valuable insights into platelet production and destruction mechanisms and may help differentiate between various etiologies of thrombocytopenia without the need for invasive procedures like bone marrow examination.⁷˒⁸
Despite numerous studies evaluating thrombocytopenia, regional variations in aetiology, clinical presentation, and laboratory profiles necessitate localized data to improve diagnostic accuracy and patient outcomes. Hence, this study aims to evaluate the clinical features, etiological factors, and laboratory parameters of patients with thrombocytopenia presenting to a tertiary care teaching hospital, and to analyse their association with bleeding manifestations.
The aim of this study is to evaluate the clinical and laboratory profile of patients presenting with thrombocytopenia at a tertiary care teaching hospital. The objectives include assessment of demographic characteristics and clinical features such as fever, bleeding manifestations, organomegaly, and associated comorbid conditions; evaluation of haematological parameters including platelet count, platelet indices (mean platelet volume, platelet distribution width, platelet crit, and platelet large cell ratio); analysis of relevant biochemical and immunological investigations such as liver and renal function tests, vitamin B12 levels, viral markers, and autoimmune profiles where indicated; and to determine the association between platelet count, platelet indices, and bleeding manifestations in order to identify prognostic indicators and aid in appropriate clinical management of thrombocytopenia

METHODOLOGY 

Study Design and Setting
This was a hospital-based cross-sectional observational study conducted in the Department of General Medicine at KVG Medical College and Hospital, Sullia, Karnataka. The study duration was 18 months, from June 2023 to November 2024. Prior to commencement, ethical clearance was obtained from the Institutional Ethics Committee. The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Written informed consent was obtained from all participants before enrolment.

Participants and Eligibility Criteria
The study population included adult patients aged 18 years and above who presented to the outpatient or inpatient services and were found to have thrombocytopenia on routine hematological evaluation. Thrombocytopenia was operationally defined as a platelet count less than 100,000/µL measured using an automated hematology analyzer. Patients with known inherited platelet disorders, previously diagnosed hematological malignancies, those receiving chemotherapy or radiotherapy, pregnant women, and patients unwilling or unable to provide informed consent were excluded from the study. A total of 110 eligible patients were included using purposive sampling.

Variables and Definitions
The primary outcome variable was thrombocytopenia. Secondary variables included demographic parameters (age, sex), clinical features (fever, fatigue, bleeding manifestations, organomegaly), laboratory parameters, and etiological factors. Bleeding manifestations were classified as mucocutaneous (petechiae, purpura, epistaxis, gum bleeding), gastrointestinal, genitourinary, or intracranial bleeding. Platelet indices studied included mean platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT), and platelet large cell ratio (P-LCR), which were used to assess platelet production and destruction patterns.

Data Sources and Measurement
Data were collected using a pre-designed, structured proforma. A detailed clinical history was obtained focusing on presenting complaints, duration of illness, drug history (including antiplatelet and anticoagulant use), alcohol intake, and associated comorbid conditions such as chronic liver disease and autoimmune disorders. General and systemic examinations were conducted with emphasis on pallor, petechiae, lymphadenopathy, hepatomegaly, and splenomegaly.
Laboratory investigations included complete blood count with platelet indices using an automated hematology analyzer. Peripheral blood smear examination was performed in all cases to confirm thrombocytopenia and evaluate platelet morphology. Additional investigations such as liver function tests, renal function tests, coagulation profile, and ultrasonography of the abdomen were performed as part of routine evaluation. Etiological investigations including dengue serology, malarial tests, viral markers (HBsAg, anti-HCV, HIV), vitamin B12 levels, autoimmune markers, and bone marrow examination were carried out where clinically indicated.

Bias and Study Size
To minimize selection and measurement bias, uniform inclusion criteria and standardized data collection methods were used. All laboratory investigations were performed in the same institutional laboratory using calibrated equipment. The study size was determined based on feasibility and the number of eligible patients presenting during the study period.

Statistical Analysis
Data were entered into Microsoft Excel and analyzed using Statistical Package for the Social Sciences (SPSS) software. Continuous variables were summarized using mean and standard deviation or median and interquartile range, while categorical variables were expressed as frequencies and percentages. Associations between platelet count, platelet indices, and bleeding manifestations were assessed using appropriate inferential statistical tests. A p-value of less than 0.05 was considered statistically significant.

RESULTS
TABLE 1: Demographic Characteristics of Study Participants (n = 110)
	Variable
	Category
	Number (n)
	Percentage (%)
	p-value

	Age (years)
	18–30
	28
	25.5
	0.035*

	
	31–45
	36
	32.7
	

	
	46–60
	29
	26.4
	

	
	>60
	17
	15.4
	

	Gender
	Male
	68
	61.8
	0.013*

	
	Female
	42
	38.2
	



TABLE 2: Clinical Presentation of Patients with Thrombocytopenia
	Clinical Feature
	Number (n)
	Percentage (%)
	p-value

	Fever
	78
	70.9
	<0.001**

	Generalized weakness
	64
	58.2
	

	Bleeding manifestations
	38
	34.5
	

	Petechiae / Purpura
	26
	23.6
	

	Epistaxis / Gum bleeding
	18
	16.4
	

	Gastrointestinal bleeding
	7
	6.4
	

	Headache / Neurological symptoms
	9
	8.2
	

	Hepatomegaly
	21
	19.1
	

	Splenomegaly
	27
	24.5
	



TABLE 3: Distribution of Platelet Count at Presentation
	Platelet Count (/µL)
	Number (n)
	Percentage (%)
	p-value

	<20,000
	14
	12.7
	<0.005*

	20,000–50,000
	32
	29.1
	

	50,001–75,000
	36
	32.7
	

	75,001–100,000
	28
	25.5
	



TABLE 4: Etiological Distribution of Thrombocytopenia
	Etiology
	Number (n)
	Percentage (%)
	p-value

	Dengue fever
	39
	35.5
	<0.001**

	Malaria
	14
	12.7
	

	Sepsis
	17
	15.5
	

	Chronic liver disease
	13
	11.8
	

	Megaloblastic anemia
	9
	8.2
	

	Immune thrombocytopenia
	8
	7.3
	

	Others
	10
	9.0
	



TABLE 5: Platelet Indices among Study Participants
	Parameter
	Mean ± SD
	p-value

	Mean Platelet Volume (MPV) (fL)
	11.2 ± 1.4
	<0.001**

	Platelet Distribution Width (PDW) (%)
	16.8 ± 2.3
	

	Plateletcrit (PCT) (%)
	0.11 ± 0.04
	

	Platelet Large Cell Ratio (P-LCR) (%)
	32.5 ± 7.1
	



TABLE 6: Association Between Platelet Count and Bleeding Manifestations
	Platelet Count (/µL)
	Bleeding Present n (%)
	Bleeding Absent n (%)
	p-value

	<20,000
	12 (85.7)
	2 (14.3)
	<0.001*

	20,000–50,000
	16 (50.0)
	16 (50.0)
	

	>50,000
	10 (15.4)
	55 (84.6)
	


*Chi-square test; statistically significant

TABLE 7: Comparison of Platelet Indices in Patients With and Without Bleeding
	Parameter
	Bleeding Present (Mean ± SD)
	Bleeding Absent (Mean ± SD)
	p-value

	MPV (fL)
	12.1 ± 1.3
	10.7 ± 1.2
	<0.01*

	PDW (%)
	18.4 ± 2.1
	15.9 ± 2.0
	<0.01*

	PCT (%)
	0.09 ± 0.03
	0.13 ± 0.04
	<0.05*



A total of 110 patients with thrombocytopenia were included in the present study. The demographic characteristics of the study population are summarized in Table 1. The majority of patients belonged to the 31–45 years age group (32.7%), followed by 46–60 years (26.4%) and 18–30 years (25.5%). Patients aged above 60 years constituted 15.4% of the study population. Males predominated with 68 patients (61.8%), while females accounted for 42 patients (38.2%).
The clinical presentation of patients with thrombocytopenia is depicted in Table 2. Fever was the most common presenting symptom, observed in 78 patients (70.9%), followed by generalized weakness in 64 patients (58.2%). Bleeding manifestations were present in 38 patients (34.5%). Among these, petechiae and purpura were the most frequent bleeding manifestations, occurring in 26 patients (23.6%), while epistaxis or gum bleeding was noted in 18 patients (16.4%). Gastrointestinal bleeding was observed in 7 patients (6.4%). Neurological symptoms such as headache were present in 9 patients (8.2%). On clinical examination, splenomegaly was observed in 27 patients (24.5%) and hepatomegaly in 21 patients (19.1%).
The distribution of platelet counts at presentation is shown in Table 3. Severe thrombocytopenia with platelet counts less than 20,000/µL was observed in 14 patients (12.7%). Platelet counts between 20,000 and 50,000/µL were seen in 32 patients (29.1%), while 36 patients (32.7%) had counts between 50,001 and 75,000/µL. Platelet counts between 75,001 and 100,000/µL were observed in 28 patients (25.5%).
The etiological distribution of thrombocytopenia is presented in Table 4. Dengue fever was the most common cause, accounting for 39 patients (35.5%), followed by sepsis in 17 patients (15.5%) and malaria in 14 patients (12.7%). Chronic liver disease was identified in 13 patients (11.8%), while megaloblastic anemia and immune thrombocytopenia were noted in 9 (8.2%) and 8 patients (7.3%), respectively.
Platelet indices among the study participants are summarized in Table 5. The mean platelet volume was 11.2 ± 1.4 fL, mean platelet distribution width was 16.8 ± 2.3%, plateletcrit was 0.11 ± 0.04%, and the mean platelet large cell ratio was 32.5 ± 7.1%.
The association between platelet count and bleeding manifestations is shown in Table 6. A statistically significant association was observed, with bleeding present in 85.7% of patients with platelet counts below 20,000/µL, compared to 15.4% among those with counts above 50,000/µL (p < 0.001). Comparison of platelet indices between patients with and without bleeding (Table 7) demonstrated significantly higher MPV and PDW and lower PCT in patients with bleeding manifestations (p < 0.05).
DISCUSSION 
In the present cross-sectional study involving 110 patients with thrombocytopenia, the majority of patients were in the 31–45-year age group with a male predominance, a pattern commonly reported in hospital-based studies from India. Fever and generalized weakness were the most frequent presenting symptoms, while bleeding manifestations were observed in approximately one-third of patients. Severe thrombocytopenia (<20,000/µL) showed a strong association with bleeding manifestations, with more than 85% of patients in this category experiencing haemorrhagic symptoms. Additionally, patients with bleeding had significantly higher MPV and PDW and lower PCT, indicating increased platelet turnover and peripheral destruction. Dengue fever emerged as the most common aetiology, followed by sepsis and malaria, reflecting the predominance of infectious causes of thrombocytopenia in tropical regions. These findings emphasize that both platelet count and platelet indices are important determinants of bleeding risk and underlying pathophysiology in thrombocytopenic patients.
Several studies have reported findings comparable to the present study. Aroor et al. demonstrated that infections were the most common cause of thrombocytopenia, with dengue being the leading aetiology, and bleeding manifestations were significantly associated with lower platelet counts, similar to our observations.⁹ A study by Kumar et al. reported that mucocutaneous bleeding was the most frequent haemorrhagic manifestation and that bleeding could occur even at platelet counts above 50,000/µL, supporting our finding that bleeding risk is not solely dependent on platelet count.¹⁰ Srinivasa et al. observed a similar male predominance and fever as the most common presenting symptom in thrombocytopenic patients.¹¹ Studies focusing on dengue-associated thrombocytopenia have consistently shown altered platelet indices, particularly increased MPV and PDW, reflecting increased platelet destruction and marrow response.¹²˒¹³ Reddy et al. found significantly higher MPV and PDW values in dengue patients with bleeding, which aligns with our findings.¹⁴
Thrombocytopenia in sepsis has been well documented, with studies showing its association with increased disease severity and mortality.¹⁵˒¹⁶ Platelet indices have also been evaluated as prognostic markers in septic patients, with higher MPV and PDW correlating with adverse outcomes.¹⁷ Similar observations have been made in critically ill patients, where thrombocytopenia and altered platelet indices were associated with poor prognosis.¹⁸ In chronic liver disease, thrombocytopenia has been attributed to hypersplenism, reduced thrombopoietin production, and bone marrow suppression, findings consistent with the chronic liver disease cases observed in our study.¹⁹ Malaria-associated thrombocytopenia has also been shown to involve immune-mediated destruction and splenic sequestration, with variable bleeding manifestations.²⁰˒²¹ Studies on megaloblastic anaemia and immune thrombocytopenia have highlighted the importance of bone marrow dysfunction and immune destruction, respectively, in causing thrombocytopenia.²²˒²³ Overall, the findings of the present study are in agreement with the existing literature and reinforce the multifactorial nature of thrombocytopenia.
The strengths of this study include a comprehensive evaluation of clinical features, etiological factors, and detailed platelet indices in a relatively large cohort of thrombocytopenic patients. Uniform diagnostic criteria and standardized laboratory methods enhanced the reliability of results. However, the study was limited by its single-centre design and cross-sectional nature, which precludes causal inference. Bone marrow examination was not performed in all patients, and long-term follow-up was not assessed.
A key objective of this study was to move beyond a simple description of thrombocytopenia and to statistically validate the relationship between laboratory parameters and clinical outcomes. The application of inferential statistics provided critical insights that directly support our conclusions. For instance, the significant association between gender and thrombocytopenia (p=0.013) and the predominance of fever as a presenting symptom (p<0.001) are not merely observational but are statistically validated findings that help define the typical patient profile in our setting. More importantly, the highly significant Chi-square result (p<0.001) for the association between platelet count and bleeding manifestations (Table 6) provides strong quantitative evidence that the risk of hemorrhage increases dramatically as platelet counts fall below 20,000/µL. This finding reinforces the clinical guideline for heightened vigilance and potential intervention in this patient subgroup.
Furthermore, the statistical comparison of platelet indices between patients with and without bleeding (Table 7) is central to the study's conclusions. The independent t-test results, showing significantly higher MPV (p<0.01) and PDW (p<0.01) in the bleeding group, support the pathophysiological explanation that bleeding in these patients is associated with a state of increased platelet turnover and the presence of larger, potentially more reactive young platelets released from the bone marrow. The significantly lower PCT (p<0.05) in the bleeding group is also logical, as PCT represents the total mass of platelets and would be expected to be lower with increased destruction and consumption. These statistical validations are crucial because they demonstrate that platelet indices are not just abstract numbers but are clinically relevant markers that reflect the underlying disease process and correlate with patient outcomes. They help achieve the study's aim of identifying prognostic indicators, suggesting that a panel including platelet count, MPV, PDW, and PCT offers a more nuanced assessment of bleeding risk than platelet count alone.
Routine assessment of these platelet indices along with platelet count may aid in early identification of patients at higher risk of bleeding and help guide clinical decision-making. Future longitudinal studies should evaluate dynamic changes in platelet indices during disease progression and recovery. Multicentre studies with larger sample sizes are needed to validate these findings and develop predictive models for bleeding risk in thrombocytopenia.
CONCLUSION
The present cross-sectional study highlights that thrombocytopenia is a common hematological abnormality with diverse clinical presentations and etiologies, predominantly affecting adults in the productive age group with a male preponderance. Infectious causes, particularly dengue fever, sepsis, and malaria, constituted the major etiological factors, reflecting the regional and tropical disease burden. Fever and generalized weakness were the most frequent clinical features, while bleeding manifestations were significantly associated with severe thrombocytopenia. Importantly, platelet indices such as mean platelet volume and platelet distribution width were significantly higher, and plateletcrit was lower in patients with bleeding manifestations, indicating increased platelet turnover and peripheral destruction. These findings underscore that platelet count alone may not be sufficient to assess bleeding risk and that platelet indices can serve as useful adjunctive markers in the evaluation and management of thrombocytopenia. Incorporating platelet indices into routine hematological assessment may aid in early risk stratification, improve diagnostic accuracy, and guide timely clinical interventions, thereby reducing morbidity associated with thrombocytopenia.
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