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Abstract 

Background: Diabetes mellitus is a major global health problem affecting over 463 million people 

worldwide. The mortality and morbidity associated with diabetes is mainly due to vascular disorders 

which can be traced back to platelet activity and aggregation potential. Mean platelet volume (MPV), 

measured by hematology analyzers, serves as a marker of platelet function and activation. 

Aim: To compare MPV between patients with type 2 diabetes mellitus and normoglycemic 

individuals and establish its correlation with glycemic control parameters. 

Materials and Methods: This observational prospective study included 386 diabetic patients and 

547 normoglycemic controls over six months. Blood samples were analyzed for MPV using Sysmex- 

XT 2000i hematology analyzer. HbA1c values were determined using D10 Biorad system. Statistical 

analysis included unpaired t-tests, correlation analysis, and multivariate regression using GraphPad 

Prism software. Results: Mean MPV was significantly higher in diabetics compared to controls 

(10.34 ± 0.9 fL vs 8.1 ± 0.3 fL, p<0.0001). Strong positive correlations were observed between MPV 

and HbA1c levels (r=0.742, p<0.0001), fasting glucose (r=0.681, p<0.0001), and diabetes duration 

(r=0.598, p<0.0001). Diabetic patients with complications showed higher MPV values than those 

without complications (11.2 ± 1.1 fL vs 9.8 ± 0.8 fL, p<0.001). 

Conclusion: Elevated MPV reflects platelet hyperactivity leading to increased thrombotic vascular 

complications in diabetic patients. MPV demonstrates strong correlation with glycemic control and 

can serve as an independent predictor of diabetic complications. This cost-effective parameter should 

be routinely evaluated for cardiovascular risk stratification. 

 

Keywords: diabetes mellitus, mean platelet volume, HbA1c, thrombosis, cardiovascular 

complications, biomarker 
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Introduction 

Diabetes mellitus (DM) represents one of the most significant global health challenges of the 21st 

century, with an estimated prevalence of 10.5% among adults aged 20-79 years worldwide. [1] India, 

often referred to as the "diabetes capital of the world," harbors the second-largest diabetic population 

globally, with approximately 77 million affected individuals. [2] This alarming trend is attributed to 

multiple factors such as genetic predisposition, rapid urbanization, sedentary lifestyle, and dietary 

modifications which are characteristic of developing economies. [3] 

Type 2 diabetes mellitus, constituting over 90% of all diabetic cases, is fundamentally characterized 

by insulin resistance and relative insulin deficiency. [4] The pathophysiology extends beyond glucose 

homeostasis, encompassing a constellation of metabolic derangements including atherogenic 

dyslipidemia, hypertension, endothelial dysfunction, and critically, a prothrombotic state. [5,6] The 

latter assumes paramount importance given that cardiovascular disease remains the leading cause of 

mortality in diabetic patients, accounting for approximately 65% of deaths. [7] 

The prothrombotic milieu in diabetes is multifactorial, involving enhanced platelet activation, 

increased coagulation factor activity, impaired fibrinolysis, and endothelial dysfunction. [8,9] 

Platelets, the primary mediators of hemostasis, undergo morphological and functional alterations in 

diabetic patients. [10] These changes include increased platelet size, enhanced aggregation potential, 

elevated release of prothrombotic mediators, and heightened adhesion to vascular endothelium. 

[11,12,13] Mean platelet volume (MPV), routinely measured by automated hematology analyzers, 

represents the average volume of circulating platelets and serves as a surrogate marker of platelet 

activation and function. [14,15] Larger platelets are metabolically and enzymatically more active, 

containing more granules and demonstrating enhanced aggregation potential compared to their 

smaller counterparts. [16,17,18] The clinical significance of MPV extends beyond hematological 

disorders, with emerging evidence supporting its role as a biomarker for cardiovascular risk 

assessment. [19,20] Recent meta-analyses have demonstrated that elevated MPV is associated with 

increased risk of myocardial infarction, stroke, and cardiovascular mortality in both diabetic and non- 

diabetic populations. [21,22,23] However, the relationship between MPV and diabetes-specific 

complications, particularly in the Indian subcontinent population, remains inadequately 

characterized. Given the cost-effectiveness and universal availability of MPV as part of routine 

complete blood count, its potential utility as a screening and prognostic tool in diabetic care warrants 

comprehensive investigation. 

 

Materials and Methods 

Study Design and Setting 

This observational prospective cross-sectional study was conducted at a 1000-bed tertiary care 

medical facility in Eastern India over a period of six months. The study protocol was approved by the 

Institutional Ethics Committee and written informed consent was obtained from all participants in 

accordance with the Declaration of Helsinki. The study population comprised 933 subjects, including 

386 patients with established type 2 diabetes mellitus and 547 normoglycemic controls. Sample size 

calculation was performed using G*Power software (version 3.1.9.7) with the following parameters: 

effect size (Cohen's d) = 0.8, α error probability = 0.05, power (1-β) = 0.95, resulting in a minimum 

required sample size of 340 subjects per group. 

 

Inclusion Criteria 

Diabetic Group: 

• Age 30-80 years 

• Established diagnosis of type 2 diabetes mellitus (≥2 years duration) 

• Fasting plasma glucose ≥126 mg/dL on two occasions or HbA1c ≥6.5% 

• Stable glycemic control (no medication changes in preceding 3 months) 

Control Group: 

• Age and sex-matched healthy individuals 
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• Fasting plasma glucose <100 mg/dL 

• HbA1c <5.7% 

• No family history of diabetes mellitus 

Exclusion Criteria 

• Hemoglobin <13 g/dL (males) or <12 g/dL (females) 

• Active malignancy or hematological disorders 

• Acute infections or inflammatory conditions 

• Antiplatelet therapy (aspirin, clopidogrel) within 2 weeks 

• Pregnancy or lactation 

• Chronic kidney disease (eGFR <60 mL/min/1.73m²) 

• Liver dysfunction (ALT/AST >2x upper normal limit or bilirubin >1 mg/dl) 

• Recent cardiovascular events (<3 months) 

Blood samples were collected after 12-hour overnight fasting under strict aseptic conditions using 

standardized phlebotomy techniques. Samples were processed within 2 hours of collection to 

minimize pre-analytical variables affecting platelet parameters. Complete blood count including 

MPV was measured using Sysmex-XT 2000i analyzer where Quality control is performed daily using 

commercial controls. Coefficient of variation for MPV was taken <3%. In biochemical analysis, 

fasting plasma glucose (enzymatic glucose oxidase-peroxidase method), HbA1c estimation using 

D10 Bio-Rad HPLC system (NGSP certified) and lipid profile, creatinine, and liver function tests 

were done. 

 

Statistical Analysis 

Statistical analysis was performed using GraphPad Prism version 9.0 and SPSS version 26.0. 

Normality of data distribution was assessed using Shapiro-Wilk test. Continuous variables were 

expressed as mean ± standard deviation or median (interquartile range) as appropriate. Categorical 

variables were presented as frequencies and percentages. Unpaired t-test or Mann-Whitney U test 

were used for comparing continuous variables between groups. Pearson or Spearman correlation 

analysis was employed to assess relationships between variables. Multiple linear regression analysis 

was performed to identify independent predictors. Statistical significance was defined as p<0.05. 

 

Results 

Baseline Characteristics 

A comprehensive analysis of 933 subjects revealed significant demographic and clinical differences 

between diabetic patients and normoglycemic controls (Table 1). 

 

Table 1: Baseline Characteristics of Study Population 
Parameter Diabetic Group (n=386) Control Group (n=547) p-value 

Demographics    

Age (years) 58.3 ± 12.4 52.7 ± 14.2 <0.001 

Male sex, n (%) 254 (65.8) 340 (62.2) 0.267 

BMI (kg/m²) 26.8 ± 4.2 24.1 ± 3.6 <0.001 

Clinical Parameters    

Duration of diabetes (years) 8.6 ± 5.3 - - 

Systolic BP (mmHg) 138.4 ± 16.8 124.2 ± 12.1 <0.001 

Diastolic BP (mmHg) 84.7 ± 9.2 78.3 ± 7.8 <0.001 

Laboratory Parameters    

Fasting glucose (mg/dL) 164.5 ± 42.8 88.7 ± 8.3 <0.001 

HbA1c (%) 8.2 ± 1.8 5.1 ± 0.4 <0.001 

Total cholesterol (mg/dL) 198.6 ± 38.4 172.3 ± 28.7 <0.001 

Triglycerides (mg/dL) 186.3 ± 67.2 124.8 ± 32.1 <0.001 

Creatinine (mg/dL) 1.04 ± 0.28 0.89 ± 0.18 <0.001 
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Hematological Parameters and MPV Analysis 

Detailed hematological analysis revealed significant differences in platelet parameters between the 

two groups (Table 2). 

 

Table 2: Hematological Parameters Comparison 
Parameter Diabetic 

Group (n=386) 

Control Group 

(n=547) 

Mean Difference 

(95% CI) 

p-value Effect Size 

(Cohen's d) 

Platelet Parameters      
Platelet count (×10³/μL) 298.4 ± 78.6 263.7 ± 52.1 34.7 (24.8 to 44.6) <0.001 0.521 

MPV (fL) 10.34 ± 0.94 8.12 ± 0.31 2.22 (2.09 to 2.35) <0.0001 3.127 

PDW (%) 14.8 ± 2.3 12.1 ± 1.8 2.7 (2.4 to 3.0) <0.001 1.324 

PCT (%) 0.31 ± 0.08 0.21 ± 0.05 0.10 (0.08 to 0.12) <0.001 1.538 

Other Parameters      
Hemoglobin (g/dL) 13.2 ± 1.4 13.8 ± 1.2 -0.6 (-0.8 to -0.4) <0.001 0.462 

WBC count (×10³/μL) 7.8 ± 2.1 6.9 ± 1.8 0.9 (0.6 to 1.2) <0.001 0.462 
 

The most striking finding was the highly significant difference in MPV between diabetic patients and 

controls (10.34 ± 0.94 fL vs 8.12 ± 0.31 fL, p<0.0001), representing a 27.3% increase in mean platelet 

volume among diabetic patients. 

 

MPV Distribution Analysis 

Analysis of MPV distribution revealed distinct patterns between the two groups (Table 3). 

 

Table 3: MPV Distribution Analysis 

MPV Range (fL) Diabetic Group n (%) Control Group n (%) Odds Ratio (95% CI) p-value 

<8.5 12 (3.1) 387 (70.7) Reference - 

8.5-9.5 89 (23.1) 158 (28.9) 18.15 (9.87-33.39) <0.001 

9.6-10.5 142 (36.8) 2 (0.4) 228.9 (49.8-1052.1) <0.001 

10.6-11.5 108 (28.0) 0 (0.0) - <0.001 

>11.5 35 (9.1) 0 (0.0) - <0.001 
 

Correlation Analysis 

Comprehensive correlation analysis revealed significant associations between MPV and various 

clinical parameters (Table 4). 

 

Table 4: Correlation Analysis - MPV with Clinical Parameters 
Parameter Correlation Coefficient (r) p-value 95% CI Clinical Significance 

HbA1c 0.742 <0.0001 0.695 to 0.782 Strong positive 

Fasting glucose 0.681 <0.0001 0.626 to 0.728 Strong positive 

Duration of diabetes 0.598 <0.0001 0.532 to 0.655 Moderate positive 

BMI 0.423 <0.0001 0.341 to 0.497 Moderate positive 

Systolic BP 0.387 <0.0001 0.303 to 0.464 Weak positive 

Triglycerides 0.356 <0.0001 0.270 to 0.436 Weak positive 

Total cholesterol 0.298 <0.0001 0.208 to 0.382 Weak positive 

Age 0.267 <0.0001 0.175 to 0.354 Weak positive 

Creatinine 0.234 <0.001 0.141 to 0.323 Weak positive 
 

Glycemic Control Stratification 

Diabetic patients were stratified based on glycemic control status, revealing progressive increase in 

MPV with worsening control (Table 5). 
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Table 5: MPV According to Glycemic Control Status 
HbA1c Category n MPV (fL) Mean ± SD Median (IQR) p-value* 

Good control (<7%) 78 9.42 ± 0.68 9.38 (8.89-9.87) Reference 

Moderate control (7-8.9%) 156 10.21 ± 0.74 10.15 (9.68-10.74) <0.001 

Poor control (≥9%) 152 11.18 ± 0.89 11.12 (10.52-11.78) <0.001 

*Compared to good control group using ANOVA with Tukey's post-hoc test 

 

Diabetic Complications Analysis 

Analysis of diabetic complications revealed significant associations with elevated MPV levels (Table 

6). 

Table 6: MPV in Diabetic Patients with and without Complications 
Complication Status n MPV (fL) Mean ± SD p-value Effect Size 

Microvascular Complications     

No complications 234 9.78 ± 0.82 Reference - 

Diabetic retinopathy 89 11.24 ± 0.95 <0.001 1.67 

Diabetic nephropathy 67 11.45 ± 1.08 <0.001 1.71 

Diabetic neuropathy 112 10.98 ± 0.91 <0.001 1.45 

Macrovascular Complications     

No complications 298 10.08 ± 0.87 Reference - 

Coronary artery disease 54 11.68 ± 0.98 <0.001 1.73 

Cerebrovascular disease 23 11.89 ± 1.12 <0.001 1.81 

Peripheral vascular disease 31 11.52 ± 1.05 <0.001 1.58 
 

Multivariate Analysis 

Multiple linear regression analysis identified independent predictors of elevated MPV (Table 7). 

 

Table 7: Multiple Linear Regression Analysis - Independent Predictors of MPV 

Variable β Coefficient Standard Error t-value p-value 95% CI 

HbA1c 0.284 0.021 13.52 <0.001 0.242 to 0.326 

Duration of diabetes 0.034 0.007 4.86 <0.001 0.020 to 0.048 

BMI 0.028 0.009 3.11 0.002 0.010 to 0.046 

Age 0.012 0.004 3.00 0.003 0.004 to 0.020 

Presence of complications 0.487 0.089 5.47 <0.001 0.312 to 0.662 

Model R² = 0.672, Adjusted R² = 0.667, F = 154.8, p<0.001 

 

ROC Analysis for Diagnostic Performance 

Receiver operating characteristic (ROC) analysis was performed to evaluate MPV's diagnostic 

performance (Table 8). 

 

Table 8: ROC Analysis for MPV as Diabetic Biomarker 
Parameter AUC 95% CI p-value Optimal 

Cutoff 

Sensitivity Specificity PPV NPV 

MPV (fL) 0.954 0.942-0.966 <0.001 9.15 91.2% 94.7% 92.8% 93.4% 

HbA1c (%) 0.998 0.996-1.000 <0.001 6.25 98.4% 99.1% 98.7% 98.9% 

FPG (mg/dL) 0.995 0.992-0.998 <0.001 115 96.9% 98.4% 97.9% 97.6% 
 

Discussion 

Our comprehensive study of 933 subjects provides compelling evidence for the clinical significance 

of mean platelet volume as a biomarker in type 2 diabetes mellitus. The observed 27.3% increase in 

MPV among diabetic patients compared to normoglycemic controls (10.34 ± 0.94 fL vs 8.12 ± 0.31 

fL, p<0.0001) represents one of the largest effect sizes reported in the literature, with a Cohen's d of 

3.127 indicating a very large clinical effect. 
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Pathophysiological Implications 

The elevation in MPV observed in our diabetic cohort reflects fundamental alterations in platelet 

biology characteristic of the diabetic milieu. The hyperglycemic environment promotes non- 

enzymatic glycation of platelet membrane proteins, leading to structural and functional modifications. 

[2,5] These glycated platelets demonstrate enhanced adhesion to endothelial surfaces, increased 

aggregation potential, and elevated release of prothrombotic mediators including thromboxane A2, 

platelet-derived growth factor, and β-thromboglobulin. [8,23,25] 

The strong correlation between MPV and HbA1c (r=0.742, p<0.0001) observed in our study supports 

the hypothesis that chronic hyperglycemia drives platelet morphological changes. This relationship 

is particularly relevant given that larger platelets contain more granules, demonstrate enhanced 

metabolic activity, and exhibit greater prothrombotic potential. [32,33] The progressive increase in 

MPV across glycemic control categories (9.42 ± 0.68 fL in well-controlled vs 11.18 ± 0.89 fL in 

poorly controlled diabetes) suggests a dose-response relationship between glycemic exposure and 

platelet activation. [2,12] 

 

Comparative Analysis with Literature 

Our findings align with and extend previous research in this field. The study by Lekston et al., 

involving 1,557 subjects, reported elevated MPV in diabetic patients with prognostic implications for 

cardiovascular outcomes. [17] Similarly, Dindar et al. demonstrated associations between MPV and 

glycemic control in patients with diabetic retinopathy. [12] However, our study's larger sample size 

and comprehensive statistical analysis provide more robust evidence for these associations. 

Notably, our results contrast with the findings of Akinsegun et al., who reported lower MPV in 

diabetic patients compared to controls. [11] This discrepancy may be attributed to differences in study 

populations, analytical methods, or patient selection criteria. The heterogeneity in previous literature 

underscores the importance of large-scale, well-designed studies such as ours in establishing 

definitive conclusions. [4,6,19,21] 

The Indian context of our study adds significant value to the global literature. Previous studies have 

predominantly involved Caucasian or East Asian populations, with limited representation from the 

Indian subcontinent. [9,27] Given the genetic and environmental factors unique to the Indian 

population, including high prevalence of metabolic syndrome and premature cardiovascular disease, 

our findings provide crucial insights for this high-risk demographic. [9,37] 

 

Clinical Implications and Risk Stratification 

The diagnostic performance of MPV demonstrated in our ROC analysis (AUC = 0.954) suggests 

excellent discriminatory ability for identifying diabetic patients. While HbA1c remains the gold 

standard for diabetes diagnosis and monitoring, MPV offers complementary information regarding 

cardiovascular risk stratification. [13,30] The optimal cutoff value of 9.15 fL provides high sensitivity 

(91.2%) and specificity (94.7%), making it a reliable screening tool. 

The association between elevated MPV and diabetic complications observed in our study has 

profound clinical implications. Patients with microvascular complications showed significantly 

higher MPV values compared to those without complications (11.24 ± 0.95 fL vs 9.78 ± 0.82 fL for 

retinopathy, p<0.001). [14,18,22] This finding suggests that MPV could serve as an early biomarker 

for identifying patients at risk of developing diabetic complications, enabling proactive therapeutic 

interventions. [14,18] 

 

Cost-Effectiveness and Clinical Utility 

The cost-effectiveness of MPV as a biomarker represents a significant advantage, particularly in 

resource-limited healthcare settings prevalent in developing countries. [9,27] Unlike specialized 

cardiac biomarkers or imaging studies, MPV is routinely available as part of complete blood   count 
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analysis, requiring no additional cost or technical expertise. This accessibility makes it an ideal tool 

for widespread screening and monitoring in diabetic care programs. [21,26] 

The clinical utility of MPV extends beyond diagnosis to therapeutic monitoring. Our multivariate 

analysis identified HbA1c, diabetes duration, BMI, age, and presence of complications as 

independent predictors of elevated MPV, with the model explaining 67.2% of the variance. This 

suggests that interventions targeting these modifiable risk factors may positively impact platelet 

function, as reflected by MPV normalization. [2,12,20] 

 

Limitations and Future Directions 

Several limitations of our study warrant consideration. The cross-sectional design precludes 

establishment of causal relationships between elevated MPV and diabetic complications. [35,36] 

Longitudinal studies with regular MPV monitoring are needed to determine its predictive value for 

incident complications and cardiovascular events. [25,22,23] 

The exclusion of patients on antiplatelet therapy, while methodologically sound, limits the 

generalizability of our findings to real-world clinical practice where many diabetic patients receive 

aspirin or clopidogrel. [13] Future studies should investigate MPV dynamics in patients receiving 

antiplatelet therapy and its potential role in monitoring treatment efficacy. 

The single-center design, while ensuring standardized protocols and equipment, may limit external 

validity. Multi-center studies involving diverse populations and healthcare settings would strengthen 

the evidence base for MPV's clinical utility in diabetic care. [6,27,37] 

Future research directions should include: 

1. Prospective longitudinal studies to establish MPV's predictive value for cardiovascular events 

[25,22,23] 

2. Intervention trials examining the impact of glycemic control optimization on MPV normalization 

[4,24] 

3. Investigation of MPV's role in monitoring antiplatelet therapy efficacy [13,36] 

4. Development of MPV-based risk stratification algorithms for diabetic patients [30,31] 

5. Cost-effectiveness analyses comparing MPV-guided care with standard approaches [32,34] 

 

Conclusion 

Our comprehensive analysis of 933 subjects provides robust evidence for the clinical significance of 

mean platelet volume in type 2 diabetes mellitus. The observed elevation in MPV among diabetic 

patients, its strong correlation with glycemic control parameters, and association with diabetic 

complications establish MPV as a valuable biomarker in diabetic care. [4,24,30] 

The cost-effectiveness and universal availability of MPV make it an ideal tool for routine clinical 

practice, particularly in developing countries with high diabetic burden and resource constraints. 

[2,32,33,1] The excellent diagnostic performance and prognostic implications suggest that MPV 

should be integrated into comprehensive diabetic care protocols for risk stratification and therapeutic 

monitoring. [20,38] 

The strong pathophysiological basis for elevated MPV in diabetes, combined with our empirical 

findings, supports its role as a bridge between metabolic control and cardiovascular risk assessment. 

[8,11,13,14] As we advance toward personalized medicine approaches in diabetic care, MPV 

represents a simple yet powerful tool for optimizing patient outcomes while minimizing healthcare 

costs. 

Future longitudinal studies and intervention trials will further elucidate MPV's clinical utility and 

establish evidence-based guidelines for its incorporation into diabetic care standards. [25,22,36] The 

potential for MPV to serve as a point-of-care biomarker for cardiovascular risk assessment in diabetes 

represents a significant advancement in our ability to provide comprehensive, cost-effective care for 

this growing patient population. [1,3,38] 
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