Original Research Article

DOI: 10.18231/2395-1451.2018.0119

Association of mean platelet volume and platelet distribution width with diabetic
retinopathy in patients with diabetes mellitus
Shubhratha S. Hegde1,*, Mahima S.R2, Sandhya Dharwadkar3, Mohammad Abdul Kayoom N4,
Shashidhar H. B5
1Assistant

Professor, 2Post Graduate, 3Senior Resident, 4Post Graduate, 5Professor, 1,2,3,4Dept. of Ophthalmology, 5Dept. of
Pathology, Mysore Medical College & Research Institute, Mysore, Karnataka, India

*Corresponding Author: Shubhratha S. Hegde
Email: drshubhratha@gmail.com

Abstract
Introduction: MPV and PDW are indicators of subclinical platelet hyperactivity and can be used as predictive factors for
development and progression of diabetic retinopathy.
Materials and Methods: This prospective case control study enrolled 150 patients with diabetic retinopathy (DR group) and 150
diabetic patients without retinopathy (control group). Detailed history and ophthalmic examination was done. The DR group was
divided into 5 subgroups according to the ETDRS classification of diabetic retinopathy. MPV, PDW, FBS and PPBS values were
obtained.
Result: The mean value of MPV in DR group was higher compared to control group (p=0.016). PDW also followed the similar
trend with DR group having mean value of 13.71± 1.36 fl and control group having 12.13 ± 1.29 fl (p=0.023). The study also
found a trend of increase in severity of diabetic retinopathy with increasing level of MPV and PDW. However a statistically
significant association was found only between MPV and stage of diabetic retinopathy (r= 0.214, p= 0.046). A marked increase
in MPV and PDW values were found in those with Proliferative diabetic retinopathy (p<0.001). A significant correlation was
found between MPV and PDW and poor glycemic control. No correlation was found between MPV and PDW and duration of
diabetes.
Conclusion: Platelet indices like MPV can be a cheap and easy to measure tool for monitoring diabetic retinopathy.
Keywords: Mean platelet volume, Platelet distribution width, Diabetic retinopathy, Proliferative diabetic retinopathy.

Introduction
Diabetes mellitus is an important public health
problem worldwide.1,2 WHO has estimated that there
are 171 million people worldwide with diabetes and
predicted that 366 million will have diabetes by
2030.1,3,4 In India, the number of people affected by
diabetes is estimated to rise to 79.4 million by 2030, the
largest number in any nation in the world.5,6 Diabetic
retinopathy (DR) is a very common, potentially
preventable, long-term, microvascular complication of
diabetes mellitus and a leading cause of visual disability
and blindness.7 WHO has estimated that diabetic
retinopathy is responsible for 4.8% of the 37 million
cases of blindness in the world.1,8
Diabetes mellitus (DM) has been considered as a
‘prothrombotic state’ with increased platelet activity.9-13
However, it is not clear whether the platelet
abnormalities seen in diabetes are intrinsic to the
platelet or are a consequence of circulating factors that
affect platelet function.14 Insulin is a natural antagonist
of platelet hyperactivity. It sensitizes platelets to the
inhibitory actions of prostacyclin and NO on
aggregation and reduces the pro- aggregatory properties
of a number of agonists - PGE1, PGE2, ADP, collagen,
thrombin etc. In diabetics there is loss of sensitivity to
the normal restraints exercised by prostacyclin (PGI2)
and nitric oxide (NO) and increased sensitivity to
proaggregatory agents thereby causing rapid platelet
aggregation
and
adherence
to
vascular

endothelium.14,15 Exaggerated intracellular calcium,
suppressed intracellular magnesium and increased
thromboxane levels present in diabetes may also lead to
enhanced platelet aggregation.2,16 The endothelium may
also contribute to platelet activation in diabetes by
releasing von Willebrand factor, a GP constituent of the
factor VIII complex, which promotes platelet clumping
by binding to the platelet.14 Hyperglycemia
can increase platelet reactivity by inducing
nonenzymatic glycation of surface proteins on the
platelet, by the osmotic effect of glucose and activation
of protein kinase.2,16,17
MPV and PDW are easy to quantify and
inexpensive tests, measured as a part of complete blood
count which can identify platelet hyperactivity.7,13,18-20
MPV is an indicator of the average size and activity of
platelets.4,7 The function of platelets seems to be related
to their sizes. Larger platelets are younger, more
reactive, contain more dense granules and produce large
amounts of thromboxane A2 and hence exhibit hyperresponsiveness to ADP- or collagen-induced
aggregation when compared with smaller and less
active platelets.2,4,5,7,11,13,15,17,20-24 Platelet distribution
width (PDW) is an indicator of variation in platelet size.
It is also a marker of platelet activity.7,25 PDW is a more
speciﬁc marker of platelet activation as it does not
increase during simple platelet swelling.18,19 Platelet
activation
causes
morphologic
changes
like
spherical shape and pseudopodia formation. Platelets
with increased number and size of pseudopodia, differ
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in size and affect platelet distribution width (PDW). 9,19
Therefor higher MPV and PDW means more platelet
activity and greater platelet turnover.
High MPV is emerging as a new risk factor for
microvascular complications of DM.17 Higher values of
MPV are seen in diabetic patients with microvascular
complications like retinopathy.15 The purpose of this
study is to compare MPV and PDW values in diabetic
with and without retinopathy and to find their
association with various degrees of diabetic
retinopathy.
Materials and Methods
In this prospective case control study, 150 patients
with diabetic retinopathy (DR group) and 150 diabetes
patients without diabetic retinopathy changes (control
group) were included after obtaining consent. Patients
with anemia and/or thrombocytopenia, patients on
antiplatelet medications, pregnant were excluded as
they cause increased MPV and PDW. Patients who
have undergone LASER treatment for diabetic
retinopathy and patients in whom fundus examination is
not possible due to dense cataract or rigid pupil were
also excluded from the study as staging of retinopathy
is not possible.
Detailed history was taken. Complete ophthalmic
evaluation of all patients was done. Dilated fundus
examination was done using slit lamp biomicroscopy
with 78D lens and indirect ophthalmoscopy. Fundus
flourescien angiography and optical coherence
tomography was done whenever required. In patients
with diabetic retinopathy clinical staging of retinopathy
was done as per ETDRS classification.
Blood samples were collected from the patients in
EDTA and fluoride vacutainers for measurement of
complete blood count and blood sugar levels in
automated analyzers. Intra- and intergroup comparisons
of MPV, PDW, FBS and PPBS values were performed.
Statistical analysis was performed by Statistical
Package for the Social Sciences (SPSS) version 15 for
windows using student t test and pearson correlation
test (r value as the coefficient). The data was expressed
as mean±standard deviation. Mean values of DR group
and control group were compared by student t test. For
subgroup analysis, one way ANOVA test was used. A p
value <0.05 was considered statistically significant.
Results
There were 166 male diabetics and 89 female diabe
tics in the DR group and 100 male diabetics and 50
females in control group. The mean age of the DR
group and control group were 61.45 ± 6.32 years and
57.95±6.17 years respectively. There was no
statistically significant difference between the 2 groups
with respect to the age (p=0.67). The duration since
diagnosis of diabetes ranged from 1-25 years. The mean
duration in DR group and control group was 9.05 ±
4.45 years and 6.27 ±1.24 years respectively.74% of the

patients in DR group and 79.33% of the patients in
control group were on oral hypoglycemic agents. (Table
1)
DR group included 64 mild NPDR, 45 moderate
NPDR, 16 severe NPDR, 11 very severe NPDR and 14
PDR cases.
Most of the subjects in DR group had uncontrolled
diabetes suggested by elevated FBS and PPBS levels.
Mean FBS level and PPBS levels were higher in DR
group as compared to control group. (Table 2)
The mean value of MPV in DR group and control
group were 8.89±0.73 fl and 8.04±0.78 fl respectively.
The mean value of MPV was higher in DR group as
compared to control group (p=0.016). PDW also
followed the similar trend with DR group having mean
value of 13.71± 1.36 fl and control group having 12.13
± 1.29 fl (p=0.023). However, both parameters in
diabetics on treatment were within normal reference
ranges of healthy individuals. (Table 3)
All the stages of diabetic retinopathy had higher
mean values of MPV compared to the control group
(Table 4). A significant correlation was found between
the degree of retinopathy and MPV (r= 0.214,
p=0.046). PDW values were also significantly higher in
all stages of retinopathy compared to the control group
(Table 5). No significant correlation was found between
degree of retinopathy and PDW (r= -0.032)(p=0.51)
In the DR group, a positive statistical correlation
was found between MPV and FBS(r= 0.357; p
=<0.001) between MPV and PPBS levels (r = 0.294; p
= 0.003). A significant correlation was also found
between PDW and FBS (r=0.232; p=0.004). However,
no statistical correlation was seen between PDW and
PPBS. No correlation was found between MPV and
PDW and the duration of DM. (Table 6)
Discussion
We studied whether the values of MPV and PDW
are different in diabetic patients with retinopathy as
compared to diabetic patients without retinopathy. We
found higher MPV and PDW values in diabetics with
retinopathy. Jindal et al,10 Buch et al,11 Alhadas et al,22
Yilmaz et al,25 also found that both MPV and PDW
were associated with DR. Kodiatte et al,4 Rajesh
kanna,5 Tetikoğlu et al,7 Citirik et al,9 Gungor et al,28
Ates¸ et al,15 Dindar et al,26 Papanas et al27 Tuzcu et
al,29 Hekimsoy et al,30 Madhavan et al,31 found
significant correlation between MPV and DR. By
contrast, Aydinli et al32 and Demirtunc et al33 advocated
that there was no association between MPV and DR.
Citirik et al,9 Tetikoğlu et al7 found no significant
correlation between PDW and DR.
The present study showed a trend of increasing
levels of MPV and PDW with the increase in the
severity of diabetic retinopathy. Mean MPV and PDW
values in all stages of retinopathy were significantly
higher compared to control group. A positive
correlation was present between the degree of
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retinopathy and values of MPV. However no
correlation was found between PDW and degree of
retinopathy. Yilmaz et al25 found an association
between mean platelet indices (i.e., MPV, PDW, and
PLCR)and DR stage. Ates et al15 found an increase in
MPV with the stage of retinopathy. But Kodiette et al,4
Citirik et al,9 Gungor et al28 found no correlation
between MPV values and stages of retinopathy. Similar
to our study Tetikoğlu et al7 and Citirik et al9 also found
no association between PDW and stages of retinopathy.
The increase in MPV and PDW values were more
apparent in advanced stages of retinopathy. We found
marked increase in MPV and PDW values, particularly
in those with proliferative retinopathy, which suggests a
role of increased platelet activity in the pathogenesis of
proliferative retinopathy. Yilmaz et al25 stated that
MPV and PDW values were a significantly higher in
patients who developed PDR suggesting the role of
platelets in development of retinal neovascularisation.
Tetikoğlu et al,7 Tuzcu et al,29 Zhong et al34 found that
MPV was significantly higher in patients with PDR.

Our study suggests that increased MPV is
associated with poor glycemic control. This coincides
with the results of Kodiatte et al,4 Rajesh Kanna,5 Jindal
et al,10 Buch et al,11 Hasan et al,17 Zaccardi et al,18
Vernekar et al,19 Shah b et al,20 Zuberi et al,21 Ozder et
al,24 Dindar et al,26 Papanas et al,27 Gungor et al,28
Hekimsoy et al30 Demirtunc et al33 and Coban et al35 but
contradicts the results of Dayal et al,2 Cakir et al,31
Unübol et al36 and Alhadas et al22 found a positive
correlation between both MPV and PDW and blood
glucose levels.
In our study no correlation was found between
MPV and PDW, and duration of diabetes similar to
Papanas et al,27 Madhavan et al,23 Cakir et al31 and
Hasan et al.37 However Kodiette et al,4 Akinsegun et
al13 and Gungor et al28 found significant correlation
between MPV and duration of diabetes.
A limitation of this study was its relatively small
sample size. Another limitation was that confounding
factors like smoking were not taken into account.

Table 1: Age, duration of diabetes and treatment
Age (years)
Duration of diabetes (years)
Treatment
OH
modality
Insulin

DR Group
61.45±6.99
9.04±4.65
79%
21%

Table 2: Mean values of in the blood sugar levels in 2 groups
DR Group
FBS (mg/dl)
133.73±56.41
PPBS (mg/dl)
217.6±87.86
Table 3: Comparision of MPV and PDW between 2 groups
DR group
MPV(fl)
8.89±0.73
PDW(fl)
13.71± 1.36

Control Group
57.96±6.07
6.24±1.29
74%
26%

Control Group
104.57±35.33
179.75±20.49

Control group
8.04±0.78
12.13 ± 1.29

p value
0.016
0.023

Table 4: MPV values in different stages of diabetic retinopathy
Mild NPDR
Moderate
Severe NPDR
NPDR
MPV (fl)
8.25±0.68
8.48±0.74
8.62±0.67
p value (on comparision
0.024
0.037
0.016
with control group)

Very severe
NPDR
8.74±0.78
0.007

9.92 ± 0.69
<0.001

v.sev. NPDR
13.48±1.26
0.003

PDR
13.77±1.36
<0.001

Table 5: PDW values in different stages of diabetic retinopathy.
Mild NPDR
Mod. NPDR
sev. NPDR
PDW
13.02±1.26
13.24±1.14
13.42±1.37
p value (on comparision with
0.048
0.028
0.013
control group)
Table 6: Comparision of MPV and PDW to various parameters
Parameter
MPV
r value
p value
Duration of diabetes
-0.93
0.858
FBS
0.357
< 0.001
PPBS
0.294
0.003

PDR

PDW
r value
-0.32
0.232
0.193

p value
0.162
0.004
0.008
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Conclusion
We found an association between MPV and PDW
and diabetic retinopathy. Moreover, an increase in
MPV values was observed with increasing severity of
DR. This finding suggests a role of platelets in the
pathogenesis of diabetic retinopathy and that mean
platelet volume would be useful in monitoring the
disease progression. MPV can emerge as an important,
simple, effortless, and cost-effective tool for monitoring
and for early recognition of microvascular
complications in Diabetes Mellitus.
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