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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is associated with endothelial dysfunction, platelet hyper-
reactivity, and altered coagulation, contributing to cardiovascular and thrombotic complications. Coagulation
abnormalities in Indian diabetic populations remain under-explored. Objective: To evaluate and compare
coagulation parameters—bleeding time (BT), clotting time (CT), prothrombin time (PT), international
normalized ratio (INR), activated partial thromboplastin time (APTT), platelet count, and mean platelet volume
(MPV)—between T2DM patients and healthy individuals. Methods:This case-control study included 40 T2DM
patients and 40 age-matched healthy controls at a tertiary-care hospital. Coagulation tests were performed by
standard procedures using an ECL-105 coagulometer and automated cell counter. Results were analyzed using
unpaired t-test in SPSS software; p < 0.05 was considered significant. Results: The mean APTT in T2DM
(26.87 * 3.35 s) was significantly shorter than controls (36.18 + 10.32 s; p < 0.001). CT (3.34 £ 0.63 min vs
3.69 £ 0.77 min; p = 0.029) and BT (1.98 + 0.41 min vs 2.23 + 0.66 min; p = 0.045) were also shorter in
diabetics. MPV was significantly higher (9.84 + 1.03 fl vs 8.76 = 0.66 fl; p < 0.001). PT and INR showed no
significant difference. Conclusion: T2DM patients demonstrate a hypercoagulable state reflected by shortened
APTT and CT and increased MPV. Routine coagulation screening may aid early identification of thrombotic
risk in diabetes.
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INTRODUCTION:

Diabetes mellitus (DM) represents one of the most challenging global health concerns of the twenty-first
century. It is a chronic metabolic disorder characterised by persistent hyperglycaemia due to defects in insulin
secretion, insulin action, or both. The condition leads to disturbances in carbohydrate, fat, and protein
metabolism, resulting in long-term microvascular complications such as neuropathy, nephropathy, and
retinopathy, as well as macrovascular complications including coronary artery disease, cerebrovascular
accidents, and peripheral arterial disease. Type 2 diabetes mellitus (T2DM) accounts for nearly 90-95% of all
diabetes cases and is strongly associated with obesity, sedentary lifestyle, and advancing age. The prevalence of
T2DM in India is rapidly increasing, reflecting urbanisation, dietary transitions, and genetic susceptibility.

Beyond its metabolic derangements, T2DM is now recognised as a pro-thrombotic and pro-inflammatory
condition. Persistent hyperglycaemia induces endothelial injury and alters vascular homeostasis by impairing
nitric oxide—mediated vasodilatation and promoting oxidative stress. This endothelial dysfunction triggers
activation of the coagulation cascade and increases platelet reactivity, producing a milieu conducive to thrombus
formation. Elevated fibrinogen levels, increased activity of coagulation factors VII, VIII, and 1X, and decreased
fibrinolytic activity have all been reported in diabetic patients, together promoting a hypercoagulable state.

Platelets from diabetic individuals exhibit enhanced adhesion and aggregation in response to physiological
agonists such as adenosine diphosphate (ADP), collagen, and thrombin. This hyper-responsiveness is linked to
non-enzymatic glycation of platelet membrane proteins, increased intracellular calcium, and altered signal
transduction pathways. Mean platelet volume (MPV), an index of platelet size and activity, is frequently
elevated in diabetic subjects, signifying the presence of larger, more reactive platelets with greater thrombotic
potential. Similarly, abnormalities in conventional coagulation parameters—prothrombin time (PT), activated
partial thromboplastin time (APTT), bleeding time (BT), and clotting time (CT)—have been observed, though
findings across studies are inconsistent. Some researchers have reported shortened APTT and CT, suggesting
hypercoagulability, while others have found prolonged times possibly related to vascular damage or
comorbidities.

Hyperglycaemia also promotes the formation of advanced glycation end-products (AGEs) that up-regulate tissue
factor expression on monocytes and endothelial cells, amplifying thrombin generation and fibrin formation.
Moreover, insulin resistance and dyslipidaemia contribute to platelet activation and impaired fibrinolysis,
further accentuating thrombosis risk. Despite these recognised mechanisms, there remains limited Indian data
exploring comprehensive coagulation profiles in T2DM, especially using simple, routinely available laboratory
tests.

Given the increasing burden of diabetes and its thrombotic complications, early identification of subclinical
coagulation abnormalities is crucial. Evaluating coagulation parameters in diabetic individuals can provide
insights into their haemostatic balance, aid in cardiovascular risk assessment, and guide perioperative
management.

Therefore, the present study was designed to evaluate and compare the coagulation profile—including BT, CT,
PT, INR, APTT, platelet count, and MPVV—between patients with type 2 diabetes mellitus and healthy controls.
The objective was to determine whether a hypercoagulable state exists among T2DM patients and to discuss its
potential clinical significance in predicting vascular and thromboembolic complications.

MATERIALS AND METHODS:

Study design and setting:

This hospital-based, case—control study was conducted in the Departments of Physiology and Pathology at
Vilasrao Deshmukh Government Medical College, Latur, Maharashtra, India, over a period of twenty-four
months from January 2021 to December 2022. The study was designed to evaluate coagulation parameters in
patients with Type 2 Diabetes Mellitus (T2DM) and compare them with healthy, age- and sex-matched
individuals. A case—control design was chosen because it allows assessment of the association between diabetic
status and coagulation abnormalities within a defined timeframe using a controlled comparison.
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The laboratory investigations were performed in the Central Clinical Laboratory of the institution, which is
equipped with automated haematology and coagulation analysers. Standard operating procedures were followed
to ensure reliability and reproducibility of all test results.

Study Population and Sampling:

A total of 80 participants were enrolled in the study, consisting of 40 patients diagnosed with Type 2 Diabetes
Mellitus (cases) and 40 apparently healthy volunteers (controls). Diabetic patients were selected from the
outpatient and inpatient departments of medicine, based on the American Diabetes Association (ADA)
diagnostic criteria, which include fasting plasma glucose >126 mg/dL, postprandial glucose >200 mg/dL, or
HbAlc >6.5%. The control group included healthy adults attending routine health check-ups or relatives of
patients, confirmed to have normal fasting glucose levels and no personal or family history of diabetes or
cardiovascular disease.

Inclusion criteria:

e  Adults aged between 40 and 75 years.

e Diagnosed cases of Type 2 Diabetes Mellitus with a disease duration of more than three years.
o Patients willing to participate and provide informed written consent.

Exclusion criteria:

o Individuals with Type 1 Diabetes Mellitus.

o History or evidence of cardiovascular, hepatic, renal, or hematological disorders.

e  Current malignancy, acute infection, or inflammatory disease.

e  Pregnancy or lactation.

e  Use of anticoagulant or antiplatelet drugs within the previous three months.

e Habitual smokers or chronic alcohol consumers.

Participants who satisfied all eligibility criteria were recruited consecutively until the desired sample size was
achieved. Demographic and clinical data such as age, sex, duration of diabetes, and random blood sugar were
recorded in a structured proforma..

Sample collection and laboratory analysis

Under aseptic precautions, five millilitres of venous blood were drawn from the antecubital vein using a
disposable syringe. For coagulation assays, 2 mL of blood was transferred immediately into a plastic tube
containing 3.2% trisodium citrate anticoagulant in a 9:1 blood-to-anticoagulant ratio. The remaining sample was
collected in an EDTA tube for platelet estimation.

Samples were processed within one hour of collection. Plasma was separated by centrifugation at 3000
revolutions per minute (rpm) for 15 minutes at room temperature. Prothrombin Time (PT) and Activated Partial
Thromboplastin Time (APTT) were determined using the ECL-105 coagulometer (Erba Mannheim, Germany)
with commercially available standard reagents. International Normalised Ratio (INR) was automatically
calculated from PT values.

Bleeding Time (BT) and Clotting Time (CT) were measured manually using Duke’s filter paper method and
capillary tube method respectively, ensuring uniform conditions to minimise variability. Platelet count and
Mean Platelet Volume (MPV) were estimated using an automated haematologyanalyser (Sysmex KX-21N,
Japan) calibrated daily. Internal and external quality control procedures were implemented as per laboratory
standards to ensure analytical accuracy.

Statistical analysis:

All data were entered into Microsoft Excel and subsequently analysed using Statistical Package for the Social
Sciences (SPSS) version 25.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean +
standard deviation (SD), while categorical variables were presented as frequencies and percentages.

The unpaired Student’s t-test was applied to compare mean values of coagulation parameters between diabetic
patients and controls. For categorical data, the Chi-square test was used where applicable. Normality of data
distribution was assessed using the Shapiro—Wilk test. Pearson’s correlation coefficient was applied to evaluate
relationships between coagulation parameters and selected clinical variables such as blood glucose levels or
disease duration. A p-value < 0.05 was considered statistically significant for all comparisons.

©2025 The authors
This is an Open Access article

distributed under the terms of the Creative Commons Attribution (CC BY NC), which permits unrestricted use,
distribution, and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.(https://creativecommons.org/licenses/by-nc/4.0/)




Chinese Journal of Health Management
Volume 19 Issue 11, Year of Publication 2025, Page 964-972 | Dol-10.564220/1674-0815.2025.125

The results were presented in tabular and graphical form, highlighting significant alterations in coagulation
parameters among diabetic patients compared with healthy individuals.

Results:

A total of 80 participants were included in the study, comprising 40 patients with Type 2 Diabetes Mellitus
(T2DM) and 40 healthy, age-matched controls. Both groups were comparable in terms of demographic
characteristics such as age and sex distribution (p > 0.05), ensuring minimal confounding due to these variables.
The mean age of diabetic subjects was 55.6 + 11.3 years, whereas controls had a mean age of 57.8 + 9.6 years.
Male participants constituted 55% of the diabetic group and 37.5% of controls. As expected, mean random
blood sugar levels were significantly higher among diabetics (212.4+ 58.8 mg/dL) compared with controls
(132.1 £ 24.8 mg/dL, p< 0.001).

Table 1 summarises the baseline demographic and clinical characteristics of both groups.
Table 1. Baseline characteristics of study participants

Parameter T2DM (n =40) Mean + SD Control (n =40) Mean £ SD | p-value Inference
Age (years) 55.6 £11.3 57.8+9.6 0.42 NS

Males (%) 55.0 375 0.12 NS

Random Blood Sugar 212.4+58.8 132.1+24.8 <0.001 Significant 1
(mg/dL)

Duration of Diabetes 73+31 — — —

(years)

NS = Not significant; 1 = Increased in T2DM group

The mean values of coagulation parameters among diabetic patients and healthy controls are presented in Table
2. Diabetic subjects showed a significant reduction in Bleeding Time (BT) and Clotting Time (CT)
compared to controls (p = 0.045 and 0.029 respectively). The Activated Partial Thromboplastin Time
(APTT) was markedly shortened in diabetics (26.87 + 3.35 s) relative to controls (36.18 + 10.32 s,

p< 0.001), indicating enhanced coagulability. Mean Platelet Volume (MPV) was also significantly higher in
diabetics (9.84 + 1.03 fl) compared with controls (8.76 £ 0.66 fl, p< 0.001).

In contrast, Prothrombin Time (PT)andInternational Normalised Ratio (INR) showed no statistically
significant differences between the two groups (p> 0.05). Platelet counts were marginally lower in diabetics,
though not statistically significant.

Table 2. Comparison of coagulation parameters between T2DM patients and controls

Parameter T2DM (n=40) Mean+ | Control (n =40) Mean p-value Inference

SD +SD
Bleeding Time (min) 1.98 +0.41 2.23+0.66 0.045 Significant |
Clotting Time (min) 3.34+0.63 3.69+0.77 0.029 Significant |
Prothrombin Time (s) | 14.72 +3.02 15.46 + 3.80 0.34 NS
INR 1.10+0.25 1.09 +0.23 0.32 NS
APTT (5) 26.87 £3.35 36.18 £ 10.32 < 0.001 Highly Significant |
Platelet Count 256 £0.71 2.83+£0.93 0.15 NS
(lakh/mm3)
MPV (fl) 9.84+1.03 8.76 £ 0.66 < 0.001 Highly Significant 1

| = Decreased in T2DM group; 1 = Increased in T2DM group; NS = Not significant

Overall, the results suggest that T2DM patients exhibit a distinct shift toward a hypercoagulable and
prothrombotic state, as reflected by shortened APTT and CT and increased MPV. These findings support the
hypothesis that diabetes promotes enhanced platelet activation and coagulation activity, potentially contributing
to increased cardiovascular and thromboembolic risk.

DISCUSSION:

The present study demonstrates that Type 2 Diabetes Mellitus (T2DM) is associated with distinct alterations in
haemostatic parameters, reflecting a shift toward a hypercoagulable state. This conclusion is supported by
significantly shortened activated partial thromboplastin time (APTT) and clotting time (CT) and a rise in mean
platelet volume (MPV) observed among diabetic patients compared to healthy individuals. These findings
highlight the complex interplay between metabolic dysregulation, endothelial injury, and coagulation
abnormalities in diabetes.
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Diabetes is increasingly recognised not only as a metabolic disorder but also as a pro-thrombotic and pro-
inflammatory condition. Chronic hyperglycaemia contributes to the activation of several pathogenic pathways,
including oxidative stress, advanced glycation end-product (AGE) formation, and inflammatory cytokine
release. These mechanisms lead to endothelial dysfunction, upregulation of tissue factor expression, and
increased synthesis of coagulation factors, all of which predispose to thrombus formation. Our results align with
this pathophysiological understanding, demonstrating clear evidence of hypercoagulability even in clinically
stable diabetic patients.

In our study, APTT was significantly shortened in the diabetic group, indicating activation of the intrinsic
coagulation pathway. This observation is consistent with the findings of Hekimsoy et al. [10] and Demirtunc et
al. [11], who also reported abnormal coagulation profiles and increased platelet activity in patients with poor
glycaemic control. Shortened APTT has been attributed to elevated plasma levels of fibrinogen and clotting
factors VIII and IX, which accelerate thrombin generation and fibrin formation [12]. Increased fibrin turnover in
diabetes may further contribute to vascular complications such as coronary artery disease and cerebrovascular
accidents.

Platelet hyper-reactivity represents another important component of the pro-thrombotic state in T2DM. Several
mechanisms contribute to enhanced platelet activation, including insulin resistance, increased oxidative stress,
and glycation of platelet surface proteins [13,14]. These changes alter platelet membrane fluidity and calcium
homeostasis, promoting spontaneous aggregation even in the absence of strong agonists. Mean platelet volume
(MPV), a simple and reliable marker of platelet activity, was found to be significantly elevated in our diabetic
participants compared to controls. Larger platelets are metabolically and enzymatically more active, contain
more granules, and release greater amounts of prothrombotic mediators such as thromboxane A: and serotonin
[15-17]. Therefore, an elevated MPV may be considered an early laboratory indicator of increased thrombotic
risk in diabetic patients.

Our findings of shortened APTT and CT are comparable to those reported by Ankalayya et al. and Hassan et al.
[18,19], who also demonstrated hypercoagulable tendencies in diabetics. Conversely, Alao et al. [20] reported
prolonged coagulation times in a Nigerian population, attributing the discrepancy to ethnic differences,
nutritional factors, and comorbid conditions. Such variability across studies underscores the need for region-
specific research, as haemostatic responses in diabetes may be influenced by genetic, environmental, and dietary
factors.

Interestingly, Prothrombin Time (PT) and International Normalised Ratio (INR) did not differ significantly
between diabetics and controls in the present study, suggesting that the extrinsic pathway may remain relatively
unaffected in early or moderate disease stages. This supports the hypothesis that the intrinsic and common
pathways are more sensitive to metabolic and endothelial alterations associated with chronic hyperglycaemia.

Clinically, the demonstration of a subclinical hypercoagulable state in diabetes has significant implications.
Increased platelet activation and accelerated coagulation can predispose to thromboembolic complications,
particularly during surgery or acute metabolic stress. Incorporating simple coagulation tests such as APTT and
MPV into routine evaluation may help identify high-risk patients who would benefit from preventive measures,
including lifestyle modification, optimization of glycaemic control, or prophylactic antiplatelet therapy.

The strengths of this study lie in its case—control design, the use of standardised laboratory protocols, and
inclusion of a comprehensive coagulation profile. However, certain limitations should be acknowledged. The
sample size was modest, and being a single-centre study, the findings may not be generalisable to the wider
population. Furthermore, specific assays for fibrinogen concentration, D-dimer, and von Willebrand factor were
not included, which might have provided further mechanistic insights. Additionally, correlation of coagulation
parameters with glycated haemoglobin (HbAlc) levels would have strengthened the interpretation of glycaemic
influence on haemostatic changes.

Future research should focus on longitudinal and multicentric studies to validate these findings in larger cohorts.
It would also be valuable to explore whether improved glycaemic control or pharmacological interventions
targeting platelet and coagulation pathways can reverse or mitigate hypercoagulability in T2DM.
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In summary, this study reinforces the evidence that diabetes mellitus promotes a hypercoagulable state through
multiple mechanisms involving endothelial dysfunction, platelet activation, and intrinsic pathway activation.
These haemostatic changes highlight the importance of integrating coagulation assessment into the routine care
of diabetic patients to reduce cardiovascular and thrombotic complications.

Clinical implications Shortened APTT and elevated MPV in T2DM suggest a propensity for thromboembolic
events. Routine coagulation screening may help identify patients at high risk for cardiovascular and
perioperative complications.

Strengths and limitations Strengths include case-control design and complete coagulation profile. Limitations
include single-centre sample, moderate size, and lack of glycated haemoglobin and fibrinogen correlation.

Future perspectives Larger multicentre studies should evaluate the association of glycaemic control with
coagulation parameters and assess the effect of therapeutic interventions on hypercoagulability in T2DM.

CONCLUSION:

The present case—control study demonstrates that individuals with Type 2 diabetes mellitus exhibit distinct
alterations in their coagulation profile, reflecting a tendency toward a hypercoagulable state. Among the various
parameters assessed, a significant shortening of the activated partial thromboplastin time (APTT) and clotting
time was observed in diabetic patients when compared with healthy controls. These findings suggest an
activation of the intrinsic and common coagulation pathways, which may predispose diabetic individuals to
thrombotic events. In addition, mean platelet volume (MPV) was found to be significantly elevated, indicating
increased platelet activation and turnover. Larger and more reactive platelets are known to play a crucial role in
the pathogenesis of microvascular and macrovascular complications associated with diabetes.

The observed coagulation abnormalities can be attributed to multiple interrelated mechanisms, including chronic
hyperglycemia, endothelial dysfunction, oxidative stress, and low-grade inflammation. These factors
collectively promote platelet hyperactivity and accelerate the atherothrombotic process. Thus, diabetes mellitus
represents a prothrombotic milieu that increases the risk of cardiovascular diseases such as myocardial
infarction, stroke, and peripheral vascular disease.

Given the simplicity, affordability, and availability of basic coagulation tests like PT, APTT, and MPV in most
clinical laboratories, their inclusion in the routine evaluation of patients with Type 2 diabetes mellitus can
provide valuable insight into the patient’s thrombotic risk profile. Regular monitoring of these parameters may
help clinicians identify individuals at higher risk of developing vascular complications, allowing for early
intervention through optimization of glycemic control, lifestyle modification, and, where appropriate,
antiplatelet or anticoagulant therapy.

In conclusion, the current study underscores the importance of evaluating the coagulation profile in diabetic
patients as an integral part of comprehensive diabetes care. Early identification and management of
hypercoagulable tendencies can significantly reduce the burden of vascular morbidity and mortality in Type 2
diabetes mellitus.
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