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ABSTRACT

Background: Diabetes mellitus (DM) is characterized by chronic hyperglycemia resulting in micro- and macro-vascular 
complications and is correlated with glycemic control and its duration. The undergoing pathologic thrombosis associated 
with atherosclerotic plaque rupture is a major cause of morbidity and mortality. Mean platelet volume (MPV) is a simple 
economical test in the monitoring of DM. Aims and Objectives: This study aims to determine the activation of platelets in 
diabetes by measuring the MPV in non-diabetic and diabetic subjects, respectively and to find out the correlation of MPV 
with blood glucose level. Materials and Methods: It was a cross-sectional study conducted on 70 previously diagnosed 
diabetic and 130 non-diabetic patients using convenient sampling in SCB Medical College, Odisha. Blood parameters such 
as body mass index (BMI), fasting blood sugar (FBS), postprandial blood sugar (PPBS), glycated hemoglobin (HbA1c), 
and MPV were recorded from complete blood count and compared using independent sample t-test and Pearson correlation 
test. Results: Mean age of the diabetic population was 53.7 ± 10.63 years. Positive correlation was found between MPV and 
BMI, FBS, PPBS, and HbA1c. The mean MPV in Group A was significantly lower than that of Group B. Conclusion: MPV 
in Type 2 DM was significantly elevated and positively correlated to blood glucose level. Thus, strict glycemic control 
measures should be advised to patients with DM for halting the progression of complications in them.
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INTRODUCTION

Diabetes Mellitus (DM) is a major global health problem due 
to its high prevalence and morbidity. The Type 2 DM is a 
part of metabolic syndrome which comprises dyslipidemia, 
hypertension, impaired fibrinolysis, and increased 
procoagulation factors resulting in deadly complications and 
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dire consequences affecting eyes, kidneys, peripheral nerves, 
and micro- and macro-vascular structures.[1] The prevalence 
of diabetic microvascular complications is higher in people 
with poor glycemic control, associated hypertension, and 
obesity.[2]

Vascular disorders such as coronary arterial disease have 
enhanced the morbidity and mortality in Type 2 DM. It induces 
atherosclerosis, circulation dysfunction, and dysregulation 
of coagulation. Reports prove the risk from cardiovascular 
mortality correlating with blood glucose concentration.[3]

DM is a prothrombotic state with platelets being the central 
element of the atherothrombotic process due to their 
prothrombotic and pro-inflammatory function.[4-6] With 
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increased activity in Type 2 DM leads to its progression and 
eventually to deadly complications. Their altered morphology 
and function prove the above notion.[7-10] Larger platelets 
are younger, more reactive, and aggregable producing 
a procoagulant effect evident by elevated mean platelet 
volume (MPV) developing macrovascular complications 
such as myocardial infarction, ischemic stroke, and venous 
thromboembolism.[10]

Thus, the assessment of the functions of the platelets is 
essential. However, measurement of the most parameters of 
platelet activity is time consuming and expensive and requires 
high sample volume and specialty training.[11] Platelet volume, 
a marker of platelet function and activation, is assessed 
using MPV by automated hematology analyzers.[3] This is 
simple, economical, quick, and easy to measure parameter 
of platelet size and, consequently, its enzymatic activity with 
prothrombotic potential.[12]

Glycated hemoglobin (HbA1c) values as a marker of long-
term glucoregulation have been already established and this 
should be kept <7% to reduce the risk of micro- and macro-
vascular complications in Type 2 DM patients.[13] Thus, it 
can be suggested that improving glycemic control decreases 
MPV and proper glycemic control should be done to prevent 
or delay vascular complications in these patients.

Hence, the study was carried out with the primary objective 
to determine whether platelets were activated in diabetes by 
measuring the MPV in the diabetics compared to the healthy 
and prediabetic individuals. Secondly to find out the correlation 
of MPV with blood glucose level in Type 2 DM patients.

MATERIALS AND METHODS

It was a cross-sectional study carried out on 200 subjects 
after taking appropriate consent. The study was conducted in 
the Department of Physiology, Medicine, and Endocrinology, 
S.C.B. Medical College, Cuttack, between September 2014 
and October 2016 using convenient sampling. Two groups of 
the study population were selected. The first group was the 
diagnosed cases of diabetics attending Endocrinology OPD 
and the others were non-diabetic patients attending medicine 
OPD. Blood samples from them were taken in physiology 
department and investigated for fasting blood sugar (FBS), 
postprandial blood sugar (PPBS), HbA1c, and MPV (from 
complete blood count [CBC]).

CBC was done by automated hematology analyzer. FBS and 
PPBS were done by glucose oxidase method and HbA1c by 
liquid chromatography. The study population was categorized 
into two groups, i.e. diabetic and non-diabetic using their 
blood parameters.[14] Subjects with normal and prediabetic 
findings were included as non-diabetic group. Weight and 
height were recorded using standard weighing machine and 
stadiometer with proper calibrations to calculate the body 

mass index (BMI). They were grouped into underweight, 
normal, and overweight/obesity as per the WHO along with 
their risk of comorbidities.[15]

Those individuals not giving consent or taking medications 
for any malignancy were excluded. Permission for the study 
was approved from the institutional ethics committee.

Statistical analysis was done with the help of Microsoft Excel 
and SPSS version 20.0. For analysis of continuous data, mean 
and standard deviation (SD) was calculated. Frequency and 
proportion were used for qualitative data. Tests of significance 
such as independent t-test and Pearson correlation test were 
used. Independent t-test compared the mean between any two 
parametric variables. Pearson correlation test was utilized for 
finding the correlation (r) between any two variables. The 
diabetic group was divided based on the HbA1c levels into 
Group A with HbA1c <6.5% (controlled DM) and Group B 
with HbA1c ≥6.5% (uncontrolled DM) to further analysis. 
P < 0.05 was considered to be statistically significant.

RESULTS

The study included two groups; one was diabetic and other 
non-diabetic. The former group included 70 and the later 130 
individuals for the study [Table 1].

A total of 200 study participants were included after meeting 
the inclusion and exclusion criteria. Of them, 35% were 
diabetic and rest, i.e. were non-diabetic. The mean age of the 
diabetic population was 53.7 ± 10.63 years, whereas that of 
non-diabetic was 44.37 ± 12.27 years. In the non-diabetics 
group, 40% were male and 25% were female. Similarly, 
16% and 19% of the diabetics were male and female study 
subjects, respectively.

The mean BMI in the diabetics was 24.05 ± 7.56 kg/
m2, whereas it was 21.57 ± 3.28 kg/m2 in non-diabetics 

Table 1: Comparison of various parameters between the 
diabetic and non-diabetic group

Characteristic Diabetic Non‑diabetic P value
Number (%) 70 (35) 130 (65)
Age (years) 53.7±10.63 44.37±12.27
Male (%) 32 (16) 80 (40)
Female (%) 38 (19) 50 (25)
BMI (kg/m2) 24.05±7.36 21.57±3.28 0.008
FBS (mg/dl) 139.49±52.61 89.71±9.93 <0.001
PPBS (mg/dl) 234.600±84.2793 154.143±27.2446 <0.001
HbA1c (%) 8.955±2.5520 5.600±0.5753 <0.001
MPV (fl) 9.896±1.2765 8.821±1.1495 < 0.001

MPV: Mean platelet volume, FBS: Fasting blood sugar, 
PPBS: Postprandial blood sugar, BMI: Body mass index, 
HbA1c: Glycated hemoglobin
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with statistical significance between their mean BMI 
(P = 0.008). The mean FBS, PPBS, and HbA1c levels 
in the diabetic population were 139.49 ± 52.61 mg/
dL, 234.6 ± 84.27 mg/dL, and 8.95 ± 1.27%. Similarly, 
89.71 ± 9.93 mg/dl, 154.14 ± 27.24 mg/dL, and 5.6 ± 0.57% 
were respective FBS, PPBS, and HbA1c parameters in the 
non-diabetic group. Statistical significance was also found 
between the mean of the above three parameters of the two 
groups. In the diabetic subjects, MPV was significantly 
higher (9.89 ± 1.27 fl) as compared to the control group 
(8.82 ± 1.14 fl) (P < 0.001).

Table 2 shows the mean (S.D) MPV in both male and female 
study subjects. Independent t-test was used to compare the 
means and no statistical significance was found between 
them (P = 0.227).

The correlation of MPV with all parameters, i.e. BMI, 
FBS, PPBS, and HbA1C using Pearson correlation test is 
demonstrated in Table 3. Positive correlation was found 
between MPV and other parameters. However, baring BMI, 
rest all had statistical significance with MPV [Table 3 and 
Figures 1-3].

Table 4 reveals the distribution of all the parameters 
and the diabetic population (with respect to HbA1c 
levels). Of 70 diabetic patients, there were 26 in Group A 
with mean HbA1c = 6.17 ± 0.6% and 44 in Group B 
with mean HbA1c = 9.65 ± 0.273%. The mean BMI in 
Group A was 24.71 ± 3.1kg/m2 and Group B was 23.89 ± 
0.89 kg/m2 (P = 0.025). The mean FBS level in Group A was 
104.76 ± 21.37 mg/dL while that of Group B was 148.17 ± 
54.55 mg/dL (P = 0.001). In Group A, the mean PPBS level 
was 156.92 ± 54.55 mg/dL while that of Group B was 254.01 
± 80.99 mg/dL (P = 0.001). The mean MPV in Group A 
(9.254 ± 1.09 fl) was significantly lower than that of Group B 
(9.963 ± 1.27 fl) with P = 0.001.

DISCUSSION

The present study was a cross-sectional study conducted to 
know if platelets are activated in Type 2 DM which was done 
by measuring the MPV in two groups (diabetic and non-
diabetic) along with the evaluation of any correlation of MPV 
with different blood parameters.

The mean age in the diabetic group was 53.7 ± 10.63 years 
and 44.37 ± 12.27 years in the non-diabetic group. However, 
Akinsegun et al. in his study had higher mean age in diabetics 
(62.35 ± 9.84 years) but lower age in controls (32.38 ± 66.44 years) 
than the present study.[16] Kodiatte et al. had mean age as 55 ± 
11.32 years in diabetics and 51.5 ± 10.1 years in non-diabetics.[17]

Similarly, male:female distribution was 40%:25% in the non 
diabetic group and 16%:19% in the diabetic group. In the 
study by Akinsegun et al., distribution of males and females 
in diabetics was 73%:27% and 63%:37% in controls.[16] 
Males were 65% and 57.8%, with females as 35% and 42.2% 
in both respective the groups in the study by Kodiatte et al.[17]

Table 2: Comparison of MPV between males and females
Sex Mean MPV (fl) P value
Male 9.57±1.3 0.227
Female 9.34±1.32

MPV: Mean platelet volume

Table 3: Correlation of MPV with various parameters
Parameters Characteristic r value P value
MPV BMI 0.045 0.522
MPV FBS 0.173 0.014
MPV PPBS 0.186 0.008
MPV HbA1c 0.307 0.001

MPV: Mean platelet volume, FBS: Fasting blood sugar, 
PPBS: Postprandial blood sugar, BMI: Body mass index, 
HbA1c: Glycated hemoglobin

Figure 1: Correlation graph between mean platelet volume and 
fasting blood sugar (r = 0.173, P = 0.014)

Figure 2: Correlation graph between mean platelet volume and 
postprandial blood sugar (r = 0.186, P = 0.008)
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The BMI in diabetic group is more than non-diabetic group 
which was statistically significant (P = 0.008) but not in the 
study of Kodiatte et al.[17]

A significant difference was also found in both groups on 
parameters such as FBS, PPBS, and HbA1c which is similar 
to the results of Kodiatte et al. and Ulutas et al.[17,18]

MPV was significantly elevated in study participants who 
were diabetic (9.896 ± 1.2765) as compared to non-diabetic 
(8.821 ± 1.1495) which was also near to the findings of 
Kodiatte et al., Zuberi et al., Radha and Selvam, Sharpe and 
Trinick, Hekimsoy et al., Demirtunc et al., and Jindal et al. 
but contradicts the results of Ünübol et al.[2,5,17,19-23]

No statistical difference was found between MPV of men and 
women among both groups which is in accordance with Park 
et al., Bain, and Bancroft et al.[24-26]

MPV had positive correlation with all the parameters 
(BMI, FBS, PPBS, and HbA1c) [Figures 1-3]. However, 
statistical significance was found only with FBS, PPBS, 

and HbA1c. Similar observations were also seen in the 
study by Kodiatte et al.[17]

Our study showed that HbA1c is not proportional to MPV 
in each and every patient, and it was in accordance with 
studies conducted by Kodiatte et al. and Papanas et al.[17,27] 
However, overall, it was seen that average level of MPV 
values of uncontrolled DM is well above the values of MPV 
of controlled DM patients as marked against their respective 
ages and it clearly illustrated from the table that MPV values of 
uncontrolled DM patients proportionally increase with HbA1c.

A significant difference between MPV and HbA1c was 
observed in controlled DM and uncontrolled DM patients 
which is also found with the results of Demirtunc et al., 
Jindal et al., Kodiatte et al., and Papanas et al.[2,5,17,27]

Strength and Limitations

The study strength lies in the use of MPV as a tool apart from 
conventional parameters such as FBS, PPBS, and HbA1c 
in predicting a progression which in alignment with those 
parameters would help us in managing of Type 2 DM in 
comprehensive manner. Although the study highlights the 
essentiality of MPV in inferring about the course patients, still 
some limitations exist. The sample size needs to increase to 
generalize the results. Some conditions like menstrual cycle 
where MPV increases physiologically have been ignored.

CONCLUSION

We can conclude from the present study that MPV in Type 2 
DM was significantly elevated in comparison to non-diabetes 
(healthy non-diabetics and prediabetics). Furthermore, there 
was a strong correlation of MPV with FBS, PPBS, and 
HbA1c. MPV remains increased and high in Type 2 DM 
patients with HbA1c >6.5% when compared with HbA1c 
<6.5%. The increased platelet size may be one factor in the 
increased risk of atherosclerosis associated with DM and 
associated vascular complications.

Diabetes is an epidemic in India, and by investigating MPV in 
uncontrolled DM patients, we can caution them to reduce their 
high glycemic level to a state of Type 2 DM category (HbA1c 
<6.5%), thereby minimizing complications. Indicators for 
monitoring microvascular and macrovascular complications 
and their progression in Type 2 DM can be done by MPV and 
HbA1c together. Hence, we propose that MPV can be used 
as a simple and cost-effective tool to monitor the progression 
and control of DM and its cardiovascular complications.
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