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Abstract: Objective: Platelets have an important role in atherosclerosis and arterial thrombosis. Cardiovascular com-
plication prevalence of type 2 diabetes mellitus (type 2 DM) may be associated with glycosylated hemoglobin (HbA1c) 
and mean platelet volume (MPV). The aim of the study was to investigate if platelets were activated in diabetes and 
its associated vascular complications by measuring the MPV in the diabetics compared to the non-diabetics, and to 
determine the correlation of MPV with fasting serum glucose (FSG), HbA1c and duration of diabetes in the diabetic 
patients, respectively. Materials and Methods: The study carried out in 65 patients with type 2 DM and 40 non-
diabetic subjects. In addition to non-diabetic patients, all diabetic patients were divided into two groups according to 
their HbA1c levels: group A consisted of patients with HbA1c levels ≤7% and group B consisted of patients with HbA1c 
levels >7%. Results: MPV was significantly higher in Group B as compared to both non-diabetics and Group A. MPV 
had a high positive correlation with HbA1c and FSG, as with diabetes duration. It is found that MPV was increased in 
type 2 DM. Conclusion: Our findings suggested an association between MPV and HbA1c. Therefore, MPV would be a 
beneficial prognostic marker of cardio-vascular complications in patients with type 2 DM. 
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Introduction

Type 2 DM is both metabolic disorder and major 
worldwide health problem because of its high 
prevalence and morbidity [1]. Type 2 DM is a 
part of metabolic syndrome which comprises 
dyslipidemia, hypertension, impaired fibrinoly-
sis, and increased procoagulation factors [2, 
3]. Vascular disorders such as coronary arterial 
disease enhance the morbidity and mortality of 
type 2 DM [4-6]. Type 2 DM induces atheroscle-
rosis, circulation dysfunction, and dysregula-
tion of coagulation [7, 8]. It is reported that car-
diovascular mortality risk is correlated with 
blood glucose concentration in cases with type 
2 DM [9]. Hyperglycemia is thought to have a 
harmful effect on the blood vessels [10]. 

Platelets are involved in homeostatic process 
and have an important role in atherosclerosis 
and arterial thrombosis [11, 12]. When vascu-
lar injury occurred, platelets adhere to dam-
aged endothelium to form platelet plug [13]. 
Platelet volume is a marker of platelet function 
and activation. It can be quantified as mean 
platelet volume (MPV) by clinical hematology 
analyzers [14]. It has been reported that plate-
lets from diabetic patients synthesize more 
thromboxane than normal platelets [2]. It is 
found that hyperglycemia causes larger plate-
lets. Larger platelets also release more pro-
thrombotic factors such as thromboxane A2 
[15]. It is also suggested that the increased 
platelet activity enhances vascular complica-
tions in these patients [16, 17]. In addition, it is 
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revealed that increased MPV plays a role in 
myocardial infarction, thromboembolism and 
stroke [18]. Cardiovascular complication preva-
lence of type 2 DM may be associated with 
HbA1c [19] and MPV [20, 21]. 

The aim of the study was to determine whether 
platelets were activated in diabetes and its 
associated vascular complications by measur-
ing the MPV in the diabetics compared to the 
non-diabetics, and to evaluate the correlation 
of MPV with blood glucose regulation and dura-
tion of diabetes in the type 2 diabetic patients. 
We also compared the MPV of diabetics (regu-
lated) having HbA1c≤7% to that of diabetics 
(non-regulated) having HbA1c>7%. 

Materials and methods

This is a prospective study carried out in 65 
patients with type 2 DM and 40 control sub-

jects. All the diabetic and 
healthy subjects had a clini-
cal examination in terms of 
macro or microvascular co- 
mplications and history of 
drug usage. MPV was ana-
lyzed by an automatic blood 
counter (Abbott Cell Dyn 
3200 Hematology Analyzer). 
Venous blood samples were 
collected in hemogram tu- 
bes with dipotassium EDTA 
and biochemistry tubes, 

Table 1. Demographic characteristics of study participants according 
to subgroups

Factors Non-Diabetics (n:40)
Diabetics

HbA1c≤7 (n:33) HbA1c>7 (n:32)
Age (year) 51.8±12.2 56.6±11.1 56.7±10.9
Gender 21 (m)/19 (f) 16 (m)/17 (f) 17 (m)/15 (f)
BMI (kg/m2) 28.8±3.2 31.58±5.32 30.9±5.1
DM duration (year) - 7.7±8.5 5.6±4.7
Data are shown as the mean ± standard deviation. BMI, body mass index; m, male; f, 
Female.

Figure 1. Mean values of fasting serum glucose (mg/
dl) according to the subgroups, including non-dia-
betics, HbA1c≤7 and HbA1c>7. Data are shown as the 
mean ± standard deviation. P values were calculated 
using the One-Way ANOVA and posthoc Tukey HSD. 
(*) p<0.001 when compared to non-diabetics. (Φ) 
p<0.05 when compared to HbA1c≤7 group.

and tested within 1 hour of collection to mini-
mize variations due to sample aging. Samples 
were maintained at room temperature. HbA1c 
was measured by automated ion-exchange 
high performance liquid chromatography (Bio-
Rad Variant II, Hercules, CA), serum glucose by 
hexokinase enzymatic method (Abbott Architect 
c8000 Chemistry Analyzer). 

Male patients with hemoglobin below 12 mg/dl 
and female patients below 11 mg/dl were 
excluded from the study due to any possible 
nutritional anemias causing for reactive throm-
bocytosis and hence, increased MPV levels. 
Diabetics on antiplatelet drugs such as aspirin 
and clopidogrel were excluded. Subjects with 
any diagnosed pregnancy or malignancy were 
also not included. All diabetic patients were 
divided into two groups according to their HbA1c 
levels: group A HbA1c levels ≤7% and group B 
with HbA1c levels >7% [22, 23]. 

Statistical evaluation was performed by SPSS 
statistics package program version 15 (for 
Windows) using One-Way ANOVA and Pearson 
correlation test (r value as the coefficient). Data 
were expressed as mean ± standard deviation. 
P value <0.05 was considered statistically 
significant.

Results

Among 86 diabetic subjects, 21 were excluded 
due to anemia or using antiplatelet drugs such 
as aspirin. Similarly, among the 44 non-diabetic 
individuals, 4 were also excluded due to ane-
mia or having history of coronary artery dis-
ease. There were 21 non-diabetic males and 
19 non-diabetic females whereas there were 
33 male and 32 female diabetics in the study. 

The diabetic group was divided based on the 
HbA1c levels into Group A (HbA1c≤7%) and Group 
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B (HbA1c>7%). The mean age of the population 
according to subgroups was 51.8±12.2 (non-
diabetic), 56.6±11.1 (Group A), and 56.7±10.9 
(Group B) years. As seen in Table 1, there was 
no significant difference among the subgroups 
for demographic characteristics of study par-
ticipants, including age, body mass index (BMI) 
and diabetes duration. 

The mean fasting serum glucose (FSG) level in 
the non-diabetic population was 84.5±6.0 mg/
dL, while that of the diabetic groups were 
207.2±82.4 mg/dL (Group A) and 246.5±90.3 
(Group B). As seen in Figure 1, there was a sig-
nificant difference between the diabetic sub-
groups in terms of FSG (p=0.047), as well as 
between diabetics and non-diabetics (p< 
0.001). The mean HbA1c levels were as 5.8±0.7, 

6.3±0.3 and 9.6±2.3 in the non-diabetic, Group 
A and B, respectively. 

As seen in Figure 2, MPV was significantly high-
er (8.3±1.3 fl) in Group B as compared to both 
non-diabetics (7.1±1.0 fl; p<0.001) and Group 
A (7.5±1.1 fl; p=0.039). MPV had a high posi-
tive Pearson Correlation with HbA1c (r=0.393; 
p<0.001) and FSG (r=0.41; p<0.001), as with 
diabetes duration in a significance of p=0.02 
(r=0.222) (Table 2). Scotter-Plot graphic was 
given in terms of correlations of MPV, HbA1c and 
FSG in Figure 3.

Discussion

Type 2 DM is a complex metabolic syndrome 
characterized by chronic hyperglycemia result-
ing in several complications regarding micro 
and macrovascular structures such as retinop-
athy, nephropathy and coronary artery disease. 
Insulin resistance and impaired insulin secre-
tion are very important for type 2 DM pathogen-
esis. Demirtunc R et al. suggested that inc- 
reased HbA1c level was associated with raised 
MPV. They also proposed that ameliorated gly-
cemic control decreases MPV and avoid the 
possible role of platelets in cardiovascular 
events in type 2 DM [24].

Kodiatte et al. suggested a relation between 
MPV and retinopathy bu not with diabetes dura-
tion [25], in our study, it is found that mean vol-
ume (MPV) is increased in type 2 DM and we 
found that elevated HbA1c concentration and 
diabetes duration was directly correlated with 
increased MPV. In another study, it is shown 
that HbA1c and diabetes duration have individu-
ally induces cardiovascular adverse effects in 
adolescents with type 2 diabetes mellitus [26].

However, Hekimsoy Z et al. did not find any cor-
relation between MPV and FSG in patients with 
type 2 diabetes mellitus [14], we found a cor-
relation between MPV and FSG. Shimodaira et 
al also confirm a relationship between MPV and 
FSG in prediabetic subjects. Our results are 
consisted with their study [27]. Kodiatte et al 
reported that increased platelet activity have 
an important role in the development of vascu-
lar complications in type 2 DM [25]. It can be 
suggested that increased platelet volume may 
be an important factor in the enhanced risk of 
vascular complications in these cases. In this 
respect, MPV can be used as a favorable test in 
the monitoring of type 2 DM in terms of athero-
sclerosis development. 

Figure 2. Mean values of MPV (mean platelet vol-
ume) and HbA1c according to the subgroups, includ-
ing non-diabetics, HbA1c≤7 and HbA1c>7. Graphic 
data are shown as the mean ± standard deviation. 
P values were calculated using the One-Way ANOVA 
and posthoc Tukey HSD. (φ) p<0.001 when com-
pared to non-diabetic group. (*) p=0.039 when com-
pared to HbA1c≤7 group.

Table 2. Correlations between mean platelet 
volume and various parameters
Factors r p
Age (year) 0.010 0.91
BMI (kg/m2) 0.181 0.06
DM duration (year) 0.222 0.02
FSG (mg/dl) 0.410 <0.001
HbA1c (%) 0.393 <0.001
Coefficients (r) and P-values are calculated using the 
Pearson’s correlation model. FSG, Fasting Serum Glu-
cose; BMI, Body Mass Index.
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Kakouros N et al suggested that hyperglycemia 
causes to generate of larger platelets [15]. 
Abnormal platelet-endothelial interactions have 
been identified as an essential pathogenic 
mechanism in the development of atheroscle-
rosis [13, 28]. It is suggested that the patho-
genesis of cardiovascular diseases can be 
influenced endothelial cell damage. Endothelial 
cell damage can be induced by hyperglycemia, 
increased free fatty acids, altered lipoproteins, 
hypertension and type 2 DM [29]. It is proposed 
that hyperglycemia can increase platelet reac-
tivity by inducing some mechanisms includes 
the osmotic effect of glucose, nonenzymatic 
protein glycation of the platelet and protein 
kinase C activation [15, 17, 30]. Schneider DJ et 
al. also suggested that hyperglycemia may 
intensify the platelet activity by increasing 
megakaryocytic glycoprotein production [30]. 

However, it is proposed that FSG is not directly 
associated with increased cardiovascular 
events in patients with type 2 DM [31]. In our 
study we have found increased MPV levels, and 
it is correlated with elevated FSG and HbA1c lev-
els. Eckel RH et al determined that there is a 
relationship between hyperglycemia and endo-
thelial cell damage [29]. Therefore it may be 
suggested that hyperglycemia induces athero-
sclerosis via abnormal platelet-endothelial 

interactions. Our finding may have shown that 
elevated MPV levels may be associated with 
increased coronary arterial disease. 

It has been proposed that diabetic patients 
have larger platelets and synthesize more 
thromboxane. Therefore, the larger platelets 
include denser granules, release more β-thro- 
mboglobulin, serotonin, and produce more 
thromboxane A2 [2, 14]. The patients with type 
2 DM have larger platelets that are more reac-
tive and aggregable and it is thought that plate-
lets may have an important role in the develop-
ment of atherosclerosis in diabetes [25, 32-34]. 
It is confirmed that the diabetic cases have 
increased levels in plasma procoagulant and 
decreased concentrations of functionally dimin-
ished antithrombotic factors [35]. Kaplan ZS 
and Jackson SP pointed that platelets have an 
important role in the initiation and propagation 
of atherosclerosis. It is also reported that the 
enhanced platelet activity intensify the vascu-
lar complications associated with type 2 DM 
[17]. 

Kakouros et al suggested that platelet hyperre-
activity and increased baseline activation in 
patients with diabetes is multifactorial and con-
nected to biochemical factors such as hypergly-
cemia, insulin resistance and hyperlipidemia 

Figure 3. Mean Platelet Volume levels scatter-plotted against plasma HbA1c (r=0.393; p<0.001) and FSG (r=0.41; 
p<0.001). FSG, Fasting Serum Glucose; MPV, Mean Platelet Volume.
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[15]. Platelets have insulin binding site and it is 
assumed that insulin reduces platelet respons-
es against aggregant factors including throm-
bin, ADP and platelet activating factor. Thus it is 
found that insulin resistance results in platelet 
dysfunction [17].

MPV is an indicator of the average size and 
activity of platelets and it is suggested that 
increased MPV plays an important role in 
stroke, myocardial infarction and thromboem-
bolism [18]. It is also reported that high MPV is 
an independent risk factor for coronary athero-
sclerosis and myocardial infarction [20]. In 
addition, it was assumed that MPV increases in 
patients with some conditions including type 2 
DM and metabolic syndrome. Han JY et al. also 
found that platelet activity have predictive 
value for ischemic stroke or coronary arterial 
diseases in patients with type 2 DM [20]. 

It is confirmed that there is a relationship 
between cardiovascular complications preva-
lence due to type 2 DM and MPV [20, 21]. 
Growing evidence showed that MPV is an 
important risk factor for the vascular complica-
tions regarding type 2 DM [18]. And it is believed 
that type 2 DM is a prothrombotic state due to 
intensified platelet activity [36]. Therefore, 
increased MPV can generate a pro-coagulant 
effect and cause thrombotic vascular complica-
tions. It can be suggested that there is link 
between MPV and diabetic vascular complica-
tions associated with thrombogenesis [14, 37]. 
Sewell R et al. reported that platelet size 
changed as a result of myocardial infarction. At 
the same time, MPV can also be elevated due 
to some coronary arterial risk factors including 
type 2 DM, smoking, hypertension and hyper-
cholesterolemia [24, 38].

In our study, the diabetic group had significantly 
higher MPV than the non-diabetic subjects. 
This result is consisted with the other previous 
studies [14, 18, 21, 25, 36, 39]. However, 
Hekimsoy Z et al did not find any correlation 
between MPV and HbA1c levels [14]. In the cur-
rent study, MPV was statistically increased in 
diabetics with HbA1c levels ≥7% than in diabet-
ics with HbA1c levels <7%. There was also a sig-
nificant correlation between HbA1c and MPV. 
These results are also similar to the study of 
Demirtunc et al. [39]. Andersson C. et al. report-
ed a relationship between in high baseline 
HbA1c concentration in patient with type 2 DM 

and high cardiovascular risk [19]. In this article, 
it was concluded that glycemic control reduces 
the platelet activity and it may prevent or delay 
vascular complications in patient with type 2 
DM. 

Conclusions

In the current study, our findings showed a rela-
tionship between MPV and HbA1c. It may be 
suggested that platelets of diabetic patients 
become more aggregable and reactive due to 
increased MPV. Increased risk of atherosclero-
sis in regard with type 2 DM may be a result of 
high MPV. Therefore, MPV might be a useful 
prognostic marker of cardio-vascular complica-
tions in patients with type 2 DM. Further stud-
ies with the larger samples are needed to clari-
fy these relations in terms of the patho- 
genesis.
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