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Abstract

The platelets play a vital role in the pathological changes in diabetes leading to micro-vascular complications. Platelet indices being
indicators of platelet activity, may be useful predictive markers of these complications. The aim of this study was to evaluate the platelet
indices in diabetic patients and correlate them with micro-vascular complications of the disease. We included 60 patients of Type 2
diabetes and 60 non-diabetics in this case-control study. Detailed clinical history including duration of diabetes and presence of micro-
vascular complications was noted. Platelet indices - (Platelet count-PLT, Mean platelet volume-MPV, Platelet distribution width-PDW and
Plateletcrit-PCT) were obtained using automated cell counter. Fasting blood glucose and HbAlc were also obtained. Diabetics were further
categorized into patients with complications and without complications. Statistical analysis was performed by EPI INFO software version
7, Student's t-test and ANOVA test. The study showed that MPV was significantly higher in Diabetics than non-diabetic controls (p<0.05).
HbA1c (p<0.05) and duration of diabetes (p<0.05) were statistically significantly higher in diabetics with microvascular complications as
compared to diabetics without microvascular complications. MPV showed statistically significant difference between diabetics with and
without complications and nondiabetics (P < 0.05). PDW and MPV were positively correlated with duration of diabetes. Duration of
diabetes was significantly higher in diabetics with retinopathy (<0.05) and neuropathy (p<0.05). Diabetics have higher MPV. MPV and

PDW are predictive biomarkers of diabetic micro-vascular complications.
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Introduction

Diabetes Mellitus (DM) has become a global health crisis
with 422 million people suffering from it and its incidence
is rapidly rising in middle- and low-income countries.* Over
80% of cases of DM are type 2 diabetes, which is
characterised by either deficiency of insulin or resistance to
action of insulin or both.? Diabetes is a complex disease
with chronic hyperglycemia, metabolic abnormalities, and
long-term  macro- and micro-vascular complications
involving the blood vessels, eyes, kidneys, and nerves.®
Diabetes and uncontrolled hyperglycemia contribute to
increased morbidity and mortality including development of
cardiovascular disease.* Microvascular complications are
predictors of coronary heart events.> The hyperglycemia,
dyslipidemia, and insulin resistance in diabetes causes
endothelial and pericyte injury, making it a prothrombotic
state. Platelets are known to play a vital role in thrombosis.
Platelets with altered morphology are found in diabetics.®
They are larger with denser granules which are
enzymatically and functionally hyperactive and contribute
to this prothrombotic state.

Mean platelet volume (MPV) is a blood parameter used
for measuring platelet size.” Larger platelets have higher
MPV. Hence increased mean platelet volume (MPV) and
platelet distribution width (PDW) might be associated with
increased thrombotic potential.® Diabetic patients have
shown significantly higher MPV than the nondiabetic
subjects.® Larger Platelets with altered morphology could be
associated with increased risk of vascular complications in
diabetes.’® In recent years, there has been renewed interest
in hematological parameters such as white blood count
(WBC), mean platelet volume (MPV), platelet distribution

width (PDW), plateletcrit (PCT), platelet count, platelet to
lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio
(NLR) and they are designated as predictors of endothelial
dysfunction and inflammation. The newer hematological
analyzers can give us various platelet parameters which help
in easy detection of change in platelet structure, which may
help in early detection of prothrombotic state of the
platelets. Platelet indices may serve as useful tools, being
simple, quick, effective and routinely available at a
relatively low cost, to detect early vascular complications in
patient with DM, aiding in better patient care.'*® Thus they
can act as an alarm for diagnosis, initiation or progression of
diabetic complications. Hence, in view of this, we aimed to
study platelet parameters in type 2 diabetes and its
association with the microvascular complications of
diabetes.

Materials and Methods
Patient Population and Study Design
This cross-sectional analytical study was conducted in a
tertiary care hospital and research centre catering services to
central India. The study included 60 diabetic patients and 60
nondiabetics as controls without CAD. All cases of Diabetes
type 2 were recruited from the inpatient department of
medicine and the non-diabetic controls from the inpatient
department of Eye over a period of 2 years from June 2015
to May 2017. Institutional Ethical Committee clearance was
obtained before the start of study. Informed and written
consent of all the subjects was taken.

We included diabetic patients who were already on
treatment either oral and / or insulin injection for previously
diagnosed DM or newly diagnosed in accordance with the
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American Diabetes Association.’* The control group was
obtained from individuals without DM, as obtained from
their medical records. Females with Hb <10gm% and males
Hb <12 gm%, nondiabetic subjects with CAD, pregnant
women, patients on antiplatelet drugs such as aspirin or
clopidogrel and subjects with any diagnosed malignancy
were excluded from the study. Also patients with
hematologic diseases, hepatic or renal or cardiac failure,
acute illness, chronic diseases like chronic infections,
alcohol abuse, that are on medication altering the platelet
function, and atherosclerotic diseases except for arterial
hypertension were not included in the study.

Evaluation of Demographical and Clinical Specifications
All the diabetic and nondiabetic subjects had a complete
clinical examination including details of medical history and
medications. Blood pressure, height and weight
measurements, waist and Hip circumference were recorded
and body mass index (BMI) was calculated by using Quetlet
index with weight in Kgs / height in Mt? formula and waist
circumference and Waist/hip ratio was calculated by the
readings obtained. Diabetics were evaluated for presence of
microvascular complications i.e. retinopathy, nephropathy,
and neuropathy. Retinopathy diagnosis was made based on
the findings of proliferative or non-proliferative changes in
the fundus examination by a trained ophthalmologist.
Nephropathy was diagnosed by doing urine analysis by
dipsticks method. Diabetic neuropathy symptom and signs,
such as hypoaesthesia or anaesthesia or absent ankle jerks,
were used to determine the presence of diabetic peripheral
neuropathy.

Biochemical and Hematologic Evaluation

The blood investigations performed were - complete blood
count including platelet indices i.e. Platelet count (PLT),
Mean Platelet Volume (MPV), Platelet Distribution Width
(PDW) and Plateletcrit (PCT); Fasting (FBS) and postmeal
(PMBS) blood sugar and HbAlc in diabetic subjects and
random blood glucose in non-diabetic controls. Blood
sample was taken under all aseptic precautions from the
antecubital vein by a clean puncture avoiding bubbles and

froth. About 2 ml of blood sample each was collected in
EDTA, fluoride bulb, and 4ml in plain bulb. The testing of
the blood samples was done within 2 hours of collection of
blood to avoid changes due to aging of the blood sample.
Complete hemogram was performed by using automated
Haematology cell counter ABX Micross 60 from EDTA
bulb. Hb, platelet count, MPV, PDW, and PCT were also
recorded. Plasma glucose levels were measured by the
glucose oxidase method. HbAlc level was analyzed by
immunoturbidometric inhibition method.

Statistical Analysis

Statistical analysis was performed by EPI INFO software
version 7. Student's t-test was used to find the significant
difference of FBS, HbAlc, PLT, MPV, PDW, PCT
according to complications. Diabetics were subdivided in 2
groups depending on presence or absence of microvascular
complication/s and ANOVA test was used to find the
significance of platelet indices between these two groups
and the controls. Correlations of platelet indices with
individual microvascular complications were obtained using
Pearson’s formula. Data were expressed as mean + standard
deviation. A P < 0.05 was considered statistically
significant.

Results

In this study total 124 subjects were evaluated, out of which
63 were cases of diabetes and 61 were non-diabetic controls.
3 cases and 1 control were excluded due to haemoglobin
less than 10 gm%. In both the groups males were 33 and
females were 27 in number respectively. The average age of
diabetes subjects was 57.05+9.39 years (males 57+9.0;
females 56.6+8.94) while that of control group 56.75+8.59 9
years (males 5749.1; females 56.56+8.13). There was no
significant difference in age and gender distribution.
However diabetic group showed significantly higher BMI,
waist circumference, systolic (SBP) and diastolic blood
pressure (DBP), and MPV than the controls. But the PLT,
PCT and PDW were not significantly different between the
two groups (Table 1).

Table 1: Demographic and biochemical parameters in diabetic subjects vs controls

S. No. Parameter Diabetes Group Control Group (n = ‘P’ Value
(n=60) 60)

1 Age (years) 57.05+9.39 56.75+8.59 0.896
2 Gender F/IM 27/33 27/33

3 BMI (Kg/M 2) 23.40+2.88 21.75+3.52 <0.001*
5 Waist Circumference (cms) 90.67 + 6.18 76.68 + 9.52 <0.001*
5 SBP (mm of Hg) 135.53+14.35 127.87+13.69 0.004*
6 DBP (mm of Hg) 83.43+8.58 79.60+7.16 0.009
7 PLT (x10%/uL) 2.93+1.00 3.05+0.76 0.469
8 MPV (fL) 8.07+1.00 7.70+0.61 0.016*
9 PCT (%) 0.23+0.08 0.24+0.09 0.393
10 PDW (fL) 13.82+1.80 13.49+1.64 0.303

*Significant P value
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The duration of diabetes was 4.0 + 3.23 years. The fasting
blood glucose in diabetes group was 171+65.17 and post
meal blood glucose was 264.15 + 81.53 mg% while HbAlc
was 8.63 £1.42%. Out of 60 subjects of diabetes, 30 (50%)
had one or more of the 3 microvascular complications,
namely retinopathy, neuropathy and nephropathy, while 30
subjects were without complications. Among the
microvascular complications, retinopathy was seen in
11(18.33%) subjects, neuropathy in 13(21.67%) and
nephropathy in 18(30%) subjects respectively. 21 subjects
had at least 1 microvascular complication while 6 had 2

complications and 3 subjects had all the 3 complications. 20
subjects in Diabetic group also had hypertension and 1 had
ischemic heart disease. The platelet indices, FBS, HbAlc,
and duration of diabetes in diabetic subjects with
microvascular complications when compared with that of
diabetic subjects without complications, showed that there
was no significant difference in platelet indices, FBS and
PMBS between the two groups but the HbAlc and the
duration of diabetes were found to be significantly higher in
diabetics with complications than in diabetics without
complications. (Table 2).

Table 2: Platelet indices, control and duration of diabetes in diabetics with microvascular complications vs. diabetics without
complications

Parameters Diabetics with microvascular Diabetics without microvascular P value
complications (n = 30) complications (n = 30)
PLT 2.99+0.87 2.87+1.12 0.666
MPV 8.19+1.17 7.95+0.79 0.357
PCT 0.23 £0.07 0.23+0.09 0.964
PDW 13.98 + 1.60 13.56 £ 1.97 0.372
FBS 175.30 £ 67.08 167.87 +64.13 0.662
HBA1C 9.02+1.64 8.24 £ 1.05 0.031*
Duration of DM 483+3.17 3.24 +2.60 0.045*

*Significant P value

We divided the subjects in 3 groups namely DM with microvascular complications, DM without complications and normal
controls and analysed through one way ANOVA to find the significance of platelet indices between the 3 groups. It showed
significant value with respect to MPV and not with other platelet parameters. (Table 3)

Table 3: Comparison of platelet indices in diabetics with complications, without complications and non-diabetic controls

Group N PLT MPV PCT PDW
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
DM with Complication | 30 2.99 0.87 8.19 1.17 0.23 0.07 13.98 1.60
DM without 30 2.87 1.12 7.95 0.79 0.23 0.09 13.56 1.97
complication
Controls 60 3.05 0.76 7.70 0.61 0.24 0.09 13.49 1.64
P Value 0.68 0.03* 0.69 0.43

*Significant P value

Table 4: Comparison of platelet count (PLT) and mean platelet volume (MPV) according to the complications in Diabetic
group

Complication Yes/ No N PLT (x10%uL) MPV/(fL)
Mean + S.D. ‘P Mean = S.D ‘P
Retinopathy Yes 11 2.66 + 0.66 0.33 8.37 £+ 0.93 0.28
No 49 2.99£1.05 ' 8.01£1.01 '
Neuropathy Yes 13 2.94£1.02 0.98 8.54 £1.08 0.06
No 47 2.93+£1.00 ' 7.95+0.95
Nephropathy Yes 18 3.08 +£0.82 0.45 8.13+£1.32 0.76
No 42 2.86+1.07 ' 8.05+0.84

Platelet count was found to be decreased in diabetic subjects with retinopathy as compared to those without retinopathy
whereas it was more in those with neuropathy and nephropathy groups but these differences were not statistically significant.
MPV, although was found to be higher in all the 3 complications but was insignificant (Table 4). Similarly, PDW and HbAlc
although were found to be higher in all the 3 complications but failed to achieve significant level (Table 5 and 6).
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Table 5: Comparison of plateletcrit (PCT) and platelet distribution width (PDW) according to the complications in diabetic

group
Complication Yes / No N PCT (%) PDW (%)
Mean + S.D. ‘P’ Mean + S.D ‘P’
Retinopathy Yes 11 0.21 £ 0.04 0.26 1458 +1.18 0.10
No 49 0.24 £ 0.08 ' 13.60 + 1.88 '
Neuropathy Yes 13 0.22 £ 0.07 0.70 13.85+2.10 0.87
No 47 0.07+0.08 ' 13.76 £ 1.74
Nephropathy Yes 18 0.24 £ 0.06 0.53 14.02 £1.15 0.52
No 42 0.23 £ 0.08 ' 13.68 + 2.02

Table 6: Comparison of fasting blood sugar (FBS), HbAlc and duration of diabetes according to the complications in

diabetic group

Complication | Yes/No N FBS HbAlc Duration of DM
Mean £S.D. ‘P’ Mean + S.D ‘P’ Mean+S.D | ‘P’

Retinopathy Yes 11 192.82+ 89.29 8.76 £ 1.83 6.27 + 4.54 %
No | 49 | 1668258501 | 2° [ 860134 | 07 [ 3492266 |

Neuropathy Yes 13 161.31 + 75.40 8.93+1.60 5.77 + 3.86 -
No 47 174.43 + 62.66 0.53 8.55 +1.38 0.39 3.51+2.90 0.02

Nephropathy Yes 18 183.00 + 69.06 0.38 9.02 +1.62 017 3.35+0.79 | 0.44
No 42 166.69 + 63.66 ' 8.46 £ 1.32 ' 3.20+£0.49

*Significant P value

There was no significant difference of FBS between the two groups in all the 3 microvascular complications. Higher duration
of diabetes was associated significantly with presence of retinopathy and neuropathy but not with nephropathy (Table 7).

Table 7: Pearson’s correlation of platelet indices with duration of DM, FBS and HbAlc

Platelet Indices > PLT MPV PCT PDW
Other Parameters| r P r P r P r P
DM —-Duration -0.23 0.08 0.34 0.01* -0.22 0.65 0.43 0.00*
FBS -0.19 0.15 -0.06 0.65 -0.26 0.04* 0.03 0.82
HBA1C -0.03 0.82 -0.06 0.65 -0.06 0.65 -0.10 0.45

* Significant P value

On correlation analysis MPV and PDW were found to be positively corelated with the duration of diabetes while plateletcrit

showed significant negative correlation with FBS.

Discussion

Diabetes mellitus is a chronic and complex metabolic
syndrome with hyperglycemia and various complications
such as microvascular (retinopathy, neuropathy and
nephropathy) and macrovascular (Coronary heart disease,
cerebrovascular episodes, Peripheral vascular disease etc.®
The microvascular complications occur due to increased
prothrombotic and atherosclerotic potential in diabetes
especially when it is prolonged and / or poorly controlled.®
These complications are predictive  markers of
macrovascular  complications, notably cardiovascular
disease, that are responsible for increased morbidity and
mortality in Diabetes.’® Diabetes and its complications
result into a heavy burden on our health services and
economy.*® Survey by Nanditha et al revealed increased
prevalence of Diabetes in rural India.t” Previous studies
have suggested that platelet indices may be useful to predict
the microvascular complications in diabetes.*® Good control
of DM type 2 has shown to decrease the severity and
prolong the onset of vascular complications and hence

decrease the morbidity and mortality.*®% Platelet indices
that we studied included — Platelet count, MPV, PDW, and
PCT which are quickly available at affordable costs in
routinely done peripheral blood counts and can be
monitored repeatedly. Previous studies have mostly studied
MPV in various conditions including diabetes but very few
of them have included other of these parameters.?2® Hence
in this study we aimed to find out the platelet indices in type
2 DM and their association with the presence of
microvascular complications, and with the regulation and
duration of hyperglycemia in patients predominantly from
periurban villages and rural population in central India. In
our study amongst the platelet indices we found that MPV
was significantly higher in diabetics than controls. PDW
though also higher yet was not statistically significant. PLT
and PCT were found to be decreased but were not
significant. Considering the microvascular complications, in
our study none of the platelet indices showed significant
difference  between diabetics with and  without
complications. However, the duration of diabetes and the
HbAlc were significantly higher in diabetics with
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microvascular complications than in diabetics without
complications. The study reinforced the fact that poor
glycemic control and longer duration may increase the risk
of diabetic complications. Previous studies have shown
altered platelet indices in diabetic patients and its
complications®?1?22425 Most of the previous studies have
shown that diabetics have higher PLT 9212425 while our
study revealed lower PLT in DM group as compared to non
diabetic controls which is similar to that observed by
Hekimsoy et al and Buch A.et al. It was postulated that this
may be because of various factors such as high production
and turnover rate in T2DM with diminished mean platelet
survival.

The platelet function and its size are said to be related
to each other. Larger platelets are highly active and have
more dense granules, secrete more prothrombotic factors
e.g. thromboxane A2, thromboxane B2, platelet factor 4,
serotonin, and platelet-derived growth factor than smaller
sized platelets and hence cause increased tendency to
thrombotic events.?-3° Platelet hyperactivity in DM is also
attributed to hyperglycemia as it is postulated that large
sized platelets may form because of persistent and
unregulated blood sugar levels.?® This seems to occur
through certain mechanisms such as nonenzymatic protein
glycation of these platelets and also osmotic effect of
glucose and protein kinase C activation.?® Our study
revealed that the MPV was significantly higher in diabetics
than non diabetics which is similar to the observation of
most of the previous other studies®!821.27.28 which indicates
that larger and hence hyperactive platelets are due to the
chronic hyperglycemia but this was not seen in the study by
Akinbami Akinsegun et al.? Some authors obtained
significantly higher MPV in DM with vascular
complications than without complications.?>3%%2 Our study
although found higher MPV in DM with complications as
compared to DM without complications but the difference
was not statistically significant which was similar to
Kodiatte TA et al. Our study revealed that there is
significant positive correlation of MPV with the duration of
diabetes, but there was no such observation in regards to
FBS, and HbAlc. Hekimsoy Z, also did not find a
significant correlation in MPV vs FBS.

We found that MPV was not correlated with FBS and
HbAlc. Hekimsoy Z, et al also did not find a significant
correlation in MPV vs FBS. Some studies have reported
positive association of MPV with elevated FBS and HbAlc
levels.®212427 However, it is proposed that FSG is not
directly associated with increased cardiovascular events in
patients with type 2 DM.® In our study PDW also showed
significant positive correlation with the duration of DM
similar to K L, Sushma et al. PDW is a measure of the
platelet size variability, and it increases when there is
increased production of larger reticulated platelets.?? The
platelets which are activated are different in size than non-
activated ones because of pseudopodia formation and
change in shape from discoid to spherical giving rise to
increased PDW .34

On analysing PDW in diabetics we found that although
it was higher in diabetics than controls and also in diabetics
with complications than diabetics without complications yet
the differences were not significant statistically. Other
authors have shown PDW to be significantly higher in
diabetics.?% Study by Alhadas KR et al showed higher
PDW in diabetics with complications and found a positive
correlation between FBS and PDW in diabetics; between
HbAlc and PDW as well as MPV and PCT. These changes
were attributed to the osmotic effect due to hyperglycemia
and some of its metabolites in blood.®

However present study showed no significant
difference of PDW between diabetics with complications,
diabetics without complications and nondiabetic groups.
This was similar to that of Buch A. et al, while K L, Sushma
et al have reported positive correlation between PDW with
FBS and HbAlc level which is discordant to our study.
Many other factors like platelet number and reactivity along
with the cardiovascular comorbidities such as hypertension;
dyslipidemia, obesity, cigarette smoking, albuminuria
contribute to the progression of diabetes and its effect on
platelet indices which may account for the thrombotic
potential of diabetics with time.?? Regarding PCT few
studies are available in the literature. In the present study no
significant difference of PCT levels was seen between the
diabetics and the controls and there was no significant
correlation of PCT with the microvascular complications.
However PCT was negatively correlated to increase in FBS.
To maintain constant platelet mass or PCT, the platelet
count tends to decrease as the platelet volume increases.
However Alhadas KR, et al obtained higher PCT in
diabetics and also in diabetics with chronic complications. It
is explained by the observation that in diabetic patients the
platelets is larger and more reactive, due to which the
platelet mass increases, thus increasing the PCT.

Conclusion

Among the platelet indices mean platelet volume (MPV)
and platelet distribution width (PDW) are associated with
diabetes and its microvascular complications and hence they
may be considered as markers of platelet activation.
However, the increased MPV as the cause or the result of
vascular complications needs to be further explored. But
being cost effective, simple to obtain, and easily available in
peripheral blood counts can be used to monitor the
progression and control of DM and its cardio-vascular
complications.

Limitations

In this study because of the cross-sectional design, we
cannot establish a causal relationship between platelet
indices and microvascular complications of diabetes.
Another limitation is that qualitative platelet disorders could
not be assessed.

Acknowledgements
We express our sincere thanks and gratitude to the
Departments and the heads of Medicine, Ophthalmology,

Panacea Journal of Medical Sciences, January-April, 2019;9(1):23-28 27



Ravindra M. Kshirsagar et al.

Platelet indices in type 2 diabetes mellitus and their association with microvascular...

Pathology and MET of NKPSIMS and RC and LMH,
Digdoh, Hingna road, Nagpur for their guidance and
support.

Conflict of Interest: None.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Colin D Mathers, Dejan Loncar. Public Library of Science
PLOS Medicine Projections of Global Mortality and Burden of
Disease from 2002 to 2030 Published: November 28, 2006.
Available at: https://doi.org/10.1371/journal.pmed.0030442.
World Health Organization (WHO) Diabetes - WHO Fact
sheet Updated 30 October 2018 available at:
https://www.who.int/news-room/fact-sheets/detail/diabetes.
Powers AC. Diabetes mellitus. In: Longo DL, Fauci AS,
Kasper DL, Hauser SL, Jameson JL, Loscalzo J, editors.
Harrison's Principles of Internal Medicine. 18th ed. New York:
McGraw-Hill; 2012:2968-3002.

Laakso M. Hyperglycemia and cardiovascular disease in type 2
diabetes. Diabetes 1999;48:937—42.

Avogaro A, Giorda C, Maggini M, Mannucci E, Raschetti R,
Lombardo F, et al. Incidence of coronary heart disease in type
2 diabetic men and women: impact of microvascular
complications, treatment, and geographic location. Diabetes
Care 2007;30:1241-7.

Ferroni P, Basili S, Falco A, Davi G. Platelet activation in type
2 diabetes mellitus. J Thromb Haemost 2004;2:1282-91.

Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW,
Konkle B, et al. Mean platelet volume as a predictor of
cardiovascular risk: a systematic review and meta-analysis. JSJ
Thromb Haemost 2010;8(1):148-56.

Endler G, Klimesch A, Sunder-Plassmann H, Schillinger M,
Exner M, Mannhalter C, et al. Mean platelet volume is an
independent risk factor for myocardial infarction but not for
coronary artery disease. Br J Haematol 2002;117:399-404.
Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M,
Lingaiah HM, et al. Mean platelet volume in type 2 diabetes
mellitus. J Lab Physicians 2012;4:5-9.

Jindal S, Gupta S, Gupta R. Platelet indices in diabetes
mellitus: indicators of diabetic microvascular complications.
Hematol 2011;16(2):86-9.

Hekimsoy Z, Payzin B, Ornek T, Kandogan G. Mean platelet
volume in type 2 diabetic patients. J Diabetes Complications
2004;18(3):173-6.

Kaveeshwar SA, Cornwall J. The current state of diabetes
mellitus in India. AMJ 2014;7(1):45-8.

Vijaya C, Archana Shetty, Parikshith. Comparative study of
significance of lipid profile, platelet count and MPV-Diabetics
and Non-Diabetics. Sch J App Med Sci 2014;2(5B):1584-8.
American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2004;27:5-10.

Rosenson RS, Fioretto P, Dodson PM. Does microvascular
disease predict macrovascular events in type 2 diabetes?
Atheroscler 2011;218(1):13-8.

van Dieren S, Beulens JW, van der Schouw YT, Grobbee DE,
Neal B. The global burden of diabetes and its complications:
an emerging pandemic. Eur J Cardiovasc Prev Rehabil
2010;17 Suppl 1:53-8.

Nanditha A, Snehalatha C, Satheesh K, Susairaj P, Simon M,
Vijaya L, et al. Secular TRends in DiabEtes in India (STRiDE-
1): Change in Prevalence in Ten Years Among Urban and
Rural Populations in Tamil Nadu. Diabetes Care
2019;42(1):18.

Levent Demirtas, Husnu Degirmenci, Emin Murat Akbas,
Adalet Ozcicek, Aysu Timuroglu, Ali Gurel, et al. Association
of hematological indicies with diabetes, impaired glucose

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

regulation and microvascular complications of diabetes. Int J
Clin Exp Med 2015;8(7):11420-7.

Andersson C, van Gaal L, Caterson ID, Weeke P, James WP,
Coutinho W, et al. Relationship between HbA1c levels and risk
of cardiovascular adverse outcomes and all-cause mortality in
overweight and obese cardiovascular high-risk women and
men with type 2 diabetes. Diabetologia 2012;55:2348-55.
Boos CJ, Lip GY. Assessment of mean platelet volume in
coronary artery disease - what does it mean? Thromb Res
2007;120:11-3.

Alhadas KR, Santos SN, Freitas MM, Viana SM, Ribeiro LC,
Costa MB. Are platelet indices useful in the evaluation of type
2 diabetic patients? J Bras Pathol Med Lab 2016;52:96-102.
Buch A, Kaur S, Nair R, Jain A. Platelet volume indices as
predictive biomarkers for diabetic complications in type 2
diabetic patients. J Lab Physicians 2017;9:84-8.

Sushma KL, Rangaswamy M. Study of platelet indices in type
2 diabetic patients and its correlation with vascular
complications. Ann Pathol Lab Med 2017;4:A591-A8.
Demirtunc R, Duman D, Basar M, Bilgi M, Teomete M, Garip
T. The relationship between glycemic control and platelet
activity in type 2 diabetes mellitus. J Diabetes

Complications. 2009;23:89-94.

Zuberi BF, Akhtar N, Afsar S. Comparison of mean platelet
volume in patients with diabetes mellitus, impaired fasting
glucose and non-diabetic subjects. Singapore Med J
2008;49:114-6.

Kakouros N, Rade JJ, Kourliouros A, Resar JR. Platelet
function in patients with diabetes mellitus: from a theoretical to
a practical perspective. Int J Endocrinol 2011;2011:742719.
Ulutas K, Dokuyucu R, Sefil F. Evaluation of mean platelet
volume in patients with type 2 diabetes mellitus and blood
glucose regulation: a marker for atherosclerosis?. Int J Clin
Exp Med 2014;7(4):955-61.

Jabeen F, Fawwad A, Rizvi H. Role of platelet indices,
glycemic control and hs-CRP in pathogenesis of vascular
complications in type-2 diabetic patients. Pak J Med Sci
2013;29(1):152-6.

Akinsegun A, Akinola Olusola D, Sarah JO, Olajumoke O,
Adewumi A, Majeed O, et al. Mean platelet volume and
platelet counts in type 2 diabetes: mellitus on treatment and
non-diabetic mellitus controls in Lagos, Nigeria. Pan Afr Med
J 2014;18:42.

Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. Mean
platelet volume: a link between thrombosis and inflammation?
Curr Pharm Des 2011;17:47-58.

Zuberi BF, Akhtar N, Afsar S. Comparison of mean platelet
volume in patients with diabetes mellitus, impaired fasting
glucose and non-diabetic subjects. Singapore Med J
2008;49:114-6.

Papanas N, Symeonidis G, Maltezos E, Mavridis G,
Karavageli E, Vosnakidis T, et al. Mean platelet volume in
patients with type 2 diabetes mellitus. Platelets 2004;15:475-8.
Yeboah J, Bertoni AG, Herrington DM, Post WS, Burke GL.
Impaired fasting glucose and the risk of incident diabetes
mellitus and cardiovascular events in an adult population:
MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll
Cardiol 2011;58:140-6.

Vagdatli E, Gounari E, Lazaridou E, Katsibourlia E,
Tsikopoulou F, Labrianou I. Platelet distribution width: a
simple, practical and specific marker of activation of
coagulation. Hippokratia 2010;14(1):28-32.

Dalamaga M, Karmaniolas K, Lekka A. Platelet markers
correlate with glycemic indices in diabetic, but not diabetic-
myelodysplastic patients with normal platelet count. Dis
Markers 2010;29(1):55-61.

Panacea Journal of Medical Sciences, January-April, 2019;9(1):23-28

28


https://www.ncbi.nlm.nih.gov/pubmed/?term=Snehalatha%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30659076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satheesh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30659076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Susairaj%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30659076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30659076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijaya%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30659076
https://www.ncbi.nlm.nih.gov/pubmed/30659076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Demirtas%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Degirmenci%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akbas%20EM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozcicek%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Timuroglu%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gurel%20A%5Bauth%5D

