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ABSTRACT

Objective - This study was conducted to evaluate the efficacy of platelet indices, namely mean
platelet volume, platelet distribution width, plateletcrit and platelet count for prediction of mi-
crovascular complications of type 2 diabetes mellitus.

Methods - A hospital-based, single-centre, observational, matched case-control study was
conducted. A total of 120 diabetic cases and 120 non-diabetic controls were recruited and vari-
ous biochemical parameters (fasting and post-prandial blood glucose, HbAlc, mean platelet
volume, platelet distribution width, plateletcrit, platelet count and others) were measured. All
diabetic cases were subjected for diagnosis of retinopathy, nephropathy or neuropathy. Statisti-
cal analyses were performed using unpaired t-test and Pearson’s correlation test.

Results - The mean (£SD) age of the diabetic cases and controls were 59.8 (x11.2) years and
53.61 (+10.66) years, respectively. The overall male:female distribution was 64.2%:35.8% and
55.8%:44.2% in diabetic cases and controls, respectively. Platelet count and plateletcrit were
found to be significantly higher in diabetic cases than controls (288741 (£97447)/uL vs. 255041
(£63883)/uL, p-value = 0.002; 0.234+0.072% vs. 0.201£0.043%, p-value = 0.0002). However,
mean platelet volume and platelet distribution width in diabetic cases were not found to be
significantly changed when compared to controls. Plateletcrit showed positive correlation with
HbAIc with Pearson’s correlation coefficient of r=0.19 (p-value <0.05). Mean platelet volume
and platelet distribution width were found to be not-significantly correlated with HbAlc. Among
diabetics, only plateletcrit was found to be significantly raised in cases with all complications
compared to cases with no complication (p-value <0.05).

Conclusion - Plateletcrit and platelet count were found to be efficacious in forecasting the
microvascular complications in type 2 diabetes.

Keyworps: diabetes mellitus, microvascular complication, plateletcrit, mean platelet volume, platelet dis-

tribution width, platelet count
INTRODUCTION

“Diabetes Mellitus” is a group of common met-
abolic disorders that share the hyperglycemic phe-
notype” [Kasper DL et al., 2018]. The widespread
prevalence and morbidity of diabetes are well
known. According to the International Diabetes
Federations, there are approximately 74 million
cases of Diabetes Mellitus in India as of 2021, with

a 9.6% age-adjusted comparative prevalence [IDR-
2021]. Chronic hyperglycemia causes a number of
distinct micro- and macro-vascular complications.
Diabetic retinopathy, diabetic peripheral neuropa-
thy, and diabetic kidney disease/nephropathy
(DKD/DN) are examples of the former. Diabetes is
one of the leading causes of adult blindness
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[Kasper DL et al., 2018]. Diabetic retinopathy is
caused by retinal ischemia and hypoxia. The most
common cause of chronic kidney disease, end-
stage renal disease, and chronic kidney disease re-
quiring renal replacement therapy is DKD/DN
[Kasper DL et al., 2018]. Diabetic neuropathy af-
fects nearly half of T2 Diabetes Mellitus patients
and has a wide range of symptoms, patterns, and
courses. Distal symmetric polyneuropathy is the
most common type [Kasper DL et al., 2018].

Diabetes Mellitus is distinguished by a pro-
thrombotic state of platelets caused by persistent
hyperglycemia and insulin resistance, which
causes pericytes and endothelial injury. It is be-
lieved that platelet activation contributes to the
vascular problems of this metabolic disorder [Kol-
tai K et al., 2006]. Platelets are critical to the in-
tegrity of normal homeostasis, and platelet indices
(Pls) serve as an indicator of their function and
morphological state [Budak Y et al., 2016 Gole-
biewska E, Poole A, 2015]. The relevant Pls,
namely mean platelet volume, plateletcrit, and
platelet distribution width, are easy to obtain and
are widely available with routine blood counts.
mean platelet volume represents an average plate-
let size associated with changes in either the rate of
platelet production or platelet stimulation/activa-
tion. Platelet distribution width is a measure of
platelet size distribution variation that indicates
platelet anisocytosis. plateletcrit denotes the per-
centage of platelet volume in the blood.

The goal of the study was to find if a change in
platelet indices (PIs) correlates with Diabetes
Mellitus and its micro-vascular complications
and such that to evaluate their role in predicting
the micro-vascular complications. Diabetes Mel-
litus and its complications are major contributors
to morbidity and economic burden. Correlating
simple, inexpensive, readily available determi-
nants to the likelihood of developing microvascu-
lar complications, will help with easing screening
and follow-up of such patients. Therefore, we
aimed to investigate the effectiveness of Pls in
anticipating microvascular complications of type
2 Diabetes Mellitus.

MATERIAL AND METHODS

Study population: This was a hospital-based,
single-centre, observational, matched case-control
study conducted in Kasturba Medical College, Ma-
nipal from December 2020 to August 2021. The
study protocol was approved from the Institutional
Ethics Committee (IEC-87/2020) before the com-
mencement of the study. Clinical Trials Registry
India registration (CTRI1/2020/12/030025) was
done before beginning enrolment of subjects.

During the study period, 120 diabetic cases and
120 non-diabetic controls were collected. This
number was arrived at by using the logistic regres-
sion-based formula, with a 0.5 baseline probability
and 0.7 probability with predictors, for 80% power
and 5% confidence interval.

Inclusion criteria: Individuals above the age
of 18 years, diagnosed with type 2 Diabetes Mel-
litus, according to the criteria laid out by the
American Diabetic Association [ADA-2021], with
or without microvascular complications, were en-
rolled to serve as cases. The criteria for diagnosis
of Diabetes Mellitus were established if haemo-
globin Alc (HbAlc) > 6.5% and/or casual blood
glucose level of >200 mg/dL and/or fasting blood
glucose level of >126 mg/dL and/or 2 hours post-
prandial blood glucose of >200 mg/dL during an
oral glucose tolerance test. Age and Sex matched
normal i.e., non-diabetic individuals (n=120)
were recruited as controls who had a fasting blood
glucose level of <110 mg/dL.

Exclusion criteria: Subjects with any malig-
nancies, myeloproliferative disor-
ders, infections, pregnancy, throm-
bocytopenia, hypothyroidism, and
recent blood transfusion were ex-
cluded from the study. Subjects on
drugs —such as anti-platelet agents
and bone marrow suppressing
drugs were also excluded from the
study. Subjects having Type 2 Dia-
betes Mellitus with macrovascular
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complications and severe illnesses were not par-
ticipated.

Sample collection and laboratory investiga-
tions: The blood sample (amount - 5 ml) from
cases and controls was collected in vacutainer with
EDTA as an anti-coagulant and processed to obtain
laboratory data including fasting blood glucose
(FBG), postprandial blood glucose (PPBG),
HbA1c, haemoglobin concentration, total leuko-
cyte count, platelet count, mean platelet volume,
plateletcrit and platelet distribution width, serum
creatinine, serum potassium and thyroid stimulat-
ing hormone.

Characterization of diabetic retinopathy, DN,
and diabetic peripheral neuropathy in type 2 dia-
betic cases: Subject details were obtained based on
the use of a proforma, which included history and
physical examination of the patient, along with rel-
evant laboratory data.

For assessment of diabetic retinopathy, direct
ophthalmoscopy, fundus fluorescein angiography,
or optical coherence tomography, as carried out by
the Department of Ophthalmology as a part of the
routine evaluation on patients with diabetes, was
used, if available. Else, based on symptomatology
and bedside fundoscopic evaluation, patients were
categorized as having diabetic retinopathy.

For categorization as DKD/DN, evaluation of
albuminuria/proteinuria by Urine PCR or urine

(version 20). The mean % standard deviation (SD)
was used to express all numerical data. To compare
the significant difference between the groups, an
unpaired t-test was used, with a p-value of <0.05
considered significant. Pearson correlation was
used to investigate the relationship between Pls
and biochemical parameters.

REsuLTs

A total of 243 cases were selected for this
study out of which 120 diabetics cases and 120
non-diabetics controls were enrolled in the study.
Three patients were excluded in which 2 were de-
tected to have malignancy and 1 was found to be
an active smoker. The mean (xSD) age of the dia-
betic cases and controls were 59.8 (x11.2) years
and 53.61 (x10.66) years, respectively. The over-
all male:female distribution was 64.2%:35.8%
and 55.8%:44.2% in diabetic cases and controls,
respectively. There were 38 cases of diabetic reti-
nopathy, 41 with DKD, and 66 with diabetic pe-
ripheral neuropathy cases among the 120 cases.
Thirty diabetic patients had no microvascular
complications, while 12 patients had all three
complications (Table 1).

The results of blood glucose parameters (FPG,
PPBG and HbAlc) are shown in Table 2. The
overall mean (£SD) values of FPG, PPBG and
HbAlc in diabetic cases were 169.47 (+76.87)

protein estimation in a random sample in the bio-  mg/dL, 237.43 (£97.27) mg/dL and 8.76
chemistry lab was considered, TanLE 1
with or without an elevated Baseline characteristics of study population
serum creatinine. Demographic parameters Cases Control
For categorization as dia- Sample size, n 120 120
betic peripheral neuropathy, Male, n (%) 77(64.2) 67 (55.8)
clinical examination involving Female.n (%) 43(358)  53(44.2)
sensory perception checked b N 179 1.26
y percep ) Y Age, mean+SD (years) 50.8+11.2 53.61+10.66
10g monofilament, pain percep- Cases with DPN, n (%) 66 (55) 0
tion by pin-prick, vibration by a Cases with DR, n (%) 38 (31.7) 0
128-hertz tuning fork, and/or Cases with DKD, n (%) 41 (34.2) 0
nerve conduction velocity study, Cases w!th no microvascular complicgtions, (n) 30 0
Cases with 1 microvascular complication, (n) 47 0
was used. : : .
o . . Cases with 2 microvascular complications, (n) 31 0
Stat|s'_[|cal analysis and in- Cases with all 3 microvascular complications, (n) 12 0
terpretation: SPSS software Total 120 0

was used for statistical analysis Nores: DPN-diabetic peripheral neuropathy, DR -diabetic retinopathy, DKD
- diabetic kidney disease
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Tasie 2. correlation coefficient of r=0.19 with a p-

Data showing comparison of biochemical parameters and
platelet indices among cases and healthy controls

(MeanSD)
- t-test
Clinical
Parameters Cases Control . p-yalue
(significance)
FBG (mg/dL) 169.47+76.87 100.75%£9.81 <0.001 (***)

PPBG (mg/dL) 237.43+97.27
HbAlc (%)  8.76x2.27

114.77+28.71
5.76+0.34

<0.001 (***)
<0.001 (***)

Platelet indices

Platelet count 50741497447 255041463883  0.002 (**)

(per uL)

MPV (fl) 8.08+0.97 8.09+1.07 0.939 (ns)
PCT (%)  0.234+0.072  0.201+0.043 0.0002 (***)
PDW (1) 16.6+1.15  16.785+0.54  0.113 (ns)

Norks: FBG - fasting blood glucose, PPBG - postprandial blood
glucose, HbAlc - Hemoglobin Alc, MPV - mean platelet volume,

value of <0.05. The other indices, mean
platelet volume and platelet distribution
width were found to be not-significantly
correlating with HbA1lc (Table 3).
Sub-group analysis was carried out by
comparing Pls (mean platelet volume,
plateletcrit, platelet distribution  width)
among diabetic cases with any complication,
with all complication, and with no complica-
tions. Comparing mean platelet volume val-
ues in cases with any complication, with all
complication, and no complications were
comparable and remained statistically non-
significant. The mean (£SD) plateletcrit val-

PCT - plateletcrit, PDW - platelet distribution width

(¥2.27)%, respectively, which were found to be
elevated with statistical significance (p<0.001)
from those values of 100.75 (+9.81) mg/dL,
114.77 (£28.71) mg/dL and 5.76 (+0.34)% in
non-diabetic controls.

The mean (£SD) platelet counts of 288741
(x97447)/uL observed in diabetic cases was found
to be significantly higher from that of 255041
(x63883)/uL in non-diabetic controls (p-value =
0.002). The mean (xSD) values of plateletcrit in
diabetic cases and controls were found to be
0.234+0.072% and 0.201+0.043%, respectively.
There was a statistical significance (p-value =
0.0002) observed between diabetic cases and con-
trols for the mean values of plateletcrit. The mean
values of mean platelet volume and platelet distri-
bution width were not significantly raised in dia-
betic cases when compared to non-diabetic con-
trols (Table 2).

The PlIs (mean platelet
volume, plateletcrit and plate-

ues were found to be significantly raised in

cases with all complication, 0.221 (x0.07)%
when compared to cases with no complication, 0.208
(£0.055)% with p-value of <0.05. The mean (xSD)
platelet distribution width values were significantly
higher in cases with no complication, 16.77 (£0.53) fl
than cases with all complications, 16.08 (+2.15) fl
with p-value of <0.05. The mean HbALc in diabetic

TABLE 3.
Correlation of hbalc with platelet indices
(mpv, pct, pdw)

Clinical parameter H?(Q)lc
MPV (fl) s_(\)/rarledztion coefficient (r) 00._40356
PCT (%) s_(\)/rarledztion coefficient (r) <00_f|_é)5
PDW (l) s_(\)/rarledztlon coefficient (r) 0699016

Nores: MPV - mean platelet volume, PCT -
plateletcrit, PDW - platelet distribution width

TABLE 4.

Comparison of platelet indices (MPV, PCT, PDW) among diabetic cases
with any complication, with all complication, and no complications

let distribution width) were (Mean+SD)

correlated with biochemical Platelet Any With all No t-test
parameter (HbAlc) in dia- indices Cog‘lﬂgg‘;“l\"” Cogglllg?téon Cogig(é?téon (I;\i,aslué’ Slgnéﬁ\i:nge)
betic Ca‘;es 0 StUdz any assi' MPV (fl)  8.20+1.01 822153 8.02+L03 0.19,ns 0.537,ns
ciation between these mark-  pep ) 0.23240.07  0.221+0.07 0.208£0.055 <0.05,**  0.443, ns
ers. Only plateletcrit values  ppw () 16.55¢1.29 16.08+2.15 16.77¢0.53 0.07,ns  <0.05, **

showed positive correlation

with HbAlc with Pearson’s distribution width

Nortes: MPV - mean platelet volume, PCT - plateletcrit, PDW - platelet
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cases with no complications and cases with all com-
plications were found to be 6.26 and 8.92%, respec-
tively (Table 4).

Discussion

Diabetes, whether type 1 or type 2, makes a pa-
tient prone to a number of complications, which
can be classified into microvascular, macrovascu-
lar, and other complications. Diabetes is identified
as a condition caused by altered hepatic glucose
metabolism, impaired insulin action, reduced insu-
lin secretion, aberrant lipid and muscle metabo-
lism, and low-grade systemic inflammation. There
are numerous proposed mechanisms underlying
these effects, and no one explanation has yet been
definitively supported.

Diabetes often results into its vascular complica-
tions classified as microvascular and macrovascu-
lar. The former complications are due to two impor-
tant factors: the duration of diabetes and optimal
glycemic control, or lack thereof. These diseases
place a significant burden on the healthcare system
and must be addressed with urgency. Diabetes is a
pro-inflammatory state predisposed to systemic in-
flammation, which allows for the use of specific in-
flammatory markers to monitor the activity and pro-
gression of the disease and its complications. Plate-
lets have also been shown to play a role in the in-
flammatory cascade [Morrell C et al., 2014; Rep-
sold L, Joubert A, 2021]. As a result, it was at-
tempted to determine whether PIs can serve as a
predictor of diabetes progression in the form of the
onset of microvascular complications. Therefore,
the purpose of this study was to determine the role
of mean platelet volume, plateletcrit, and platelet
distribution width, all of which are readily available
Pls, in envisaging the microvascular complications
of type 2 diabetes. Pls were compared in this study
between cases with type 2 Diabetes Mellitus and
non-diabetic healthy controls. In our study, it was
found that plateletcrit levels in the cases were found
to be substantially greater than in the controls. For
mean platelet volume and platelet distribution
width, there were no statistically significant varia-
tions between the two groups.

HbAlc, a glycemic control indicator, was also

found to have a positive and statistically significant
relationship with plateletcrit. Although there was a
positive correlation between mean platelet volume
and HbAlc, it was not statistically significant.
Platelet distribution width, on the other hand, had a
negative correlation with glycated haemoglobin. In
contrast, Walinjkar et al. found that diabetics had
substantially higher mean platelet volume, platelet
distribution width, P-LCR, and plateletcrit when
compared to non-diabetics. Additionally, it was dis-
covered that patients with microvascular problems
experienced greater increases in mean platelet vol-
ume, platelet distribution width, and P-LCR than
patients without these issues [Repsold L, Joubert A,
2021]. This discrepancy in the outcome may be a
result of unique patient profiles of the study. Addi-
tionally, individuals with diabetes who also had
ischemic heart disease and were on anti-platelet
medications, which would have impacted platelet
function, were not taken into account or included.
Akinbami et al. investigated the “correlation be-
tween mean platelet volume and platelet count
among patients with and without diabetes and dis-
covered that mean platelet volume was not signifi-
cantly different between the two groups” [Walinjkar
R et al., 2019]. Moreover, our study discovered a
statistically significant rise in platelet count when
contrasting cases with controls. Our investigation
also did not find any statistically significant differ-
ence in mean platelet volume between cases and
controls. This is consistent with the literature’s as-
sertion that, under physiological settings, platelet
count and mean platelet volume are negatively as-
sociated in order to maintain homeostasis [Akinse-
gun A et al.,, 2014; Zareifar S et al., 2014].

To ascertain whether the Pls associated with the
development of diabetes and the extent of present
microvascular problems, research on the platelet
determinants was also conducted. We examined
diabetes with no microvascular complications, dia-
betes with one or more microvascular difficulties,
and diabetes with all three microvascular compli-
cations for these analyses. Our research found no
signifying results for mean platelet volume or
platelet distribution width, but did find substantial
elevation for plateletcrit in the group with any mi-
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crovascular problem when compared to cases with
no vascular complications. platelet distribution
width, but not plateletcrit, demonstrated statistical
significance in being lower among individuals who
had all three microvascular problems when com-
pared to those who did not have any issues. In any
of the analyses, mean platelet volume did not show
a significant correlation.

Cases had HbA1c levels considerably higher
than in the controls, as expected (8.76% vs. 5.6%).
In subgroup analysis, it was discovered that dia-
betics who had additionally experienced any of
the microvascular problems had HbAlc levels
that were considerably higher (8.93% vs. 8.2%).
When the numbers were contrasted between indi-
viduals with no microvascular problems and those
with all three microvascular issues, the difference
was much more obvious (9.14% vs. 8.28%). As a
result, this study supports the notion that with the
rise of HbAlc levels, the patient’s risk of micro-
vascular complications rises. Elevated readings
are also sign of poorly managed diabetes, which
puts patients at an increased risk of developing
complications. The readings of glycated haemo-
globin were found to be lower in groups that in-
cluded DKD patients than in groups that did not
include DKD patients but had other microvascu-
lar problems. Due to the anaemia of chronic dis-
ease that DKD patients experience, this finding
can be puzzling.

The background of numerous studies provides
the knowledge that HbAlc can aid in monitoring
and treatment decisions. The “ADVANCE” trial
in particular showed that risk of death, microvas-
cular complications, or macrovascular complica-
tions all increased significantly above certain
threshold values of glycated haemoglobin, namely
>7% for macrovascular complication and death,
and >6.5% for microvascular complications, with
rises in risk of 38 percent, 40 percent, and 38 per-
cent, respectively [Zoungas S et al., 2012]. Pa-
tients with elevated mean HbAlc had a consider-

ably larger risk of cardiovascular mortality and
“time-to-death,” according to Chinese research
led by Lee et al [Lee S et al., 2021]. Eliminating
the underestimation of how important HbAlc can
be in monitoring Diabetes Mellitus patients would
require an “updated mean of HbALlc”, according
to a Swedish study by Lind et al., who also rec-
ommends using this measure instead of baseline
glycated haemoglobin readings. It was also said
that it did not illustrate the “time-dependent ef-
fect of HbAlc” [Lind M et al., 2009].

Platelets are involved in many disorders since
they are a part of the inflammatory process. When
assessing the importance of Pls for a particular
condition, we should be mindful that there may be
numerous possible variables. Several medicines
and the majority of the frequent causes of this have
been left out of this study. This study attempted to
assess the function of Pls in anticipating microvas-
cular complications of type 2 Diabetes Mellitus,
with encouraging results despite the small sample
size of 240 patients.

CONCLUSION

This study found a link between plateletcrit and
the development of microvascular problems, which
is a sign of Diabetes Mellitus progression. Addi-
tionally, it demonstrated a strong correlation with
cases, or Diabetes Mellitus patients as opposed to
non-diabetics. Therefore, it could be used to fore-
tell Diabetes Mellitus microvascular problems.

In individuals with Diabetes Mellitus, platelet
distribution width was similarly observed to de-
cline as complications increased. Plateletcrit and
higher HbAlc levels associated well. Addition-
ally, it revealed a strong association between Dia-
betes Mellitus and the occurrence of microvascu-
lar problems. Further research is necessary be-
cause there is conflicting information about the
ability of mean platelet volume and platelet dis-
tribution width to predict these problems in Dia-
betes Mellitus.
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