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Abstract
Background
Increased platelet activity in type 2 diabetes mellitus (T2DM) plays a key role in the development of vascular
complications. Platelet indices such as mean platelet volume (MPV), platelet distribution width (PDW),
platelet large cell ratio (PLCR), and plateletcrit (PCT) reflect both the functional and morphological status of
platelets. These indices are markers of inflammation and metabolic dysregulation, which are pivotal in
diabetic vasculopathy. If platelet indices correlate with nephropathy severity, they could be used as cost-
effective, accessible markers for assessing disease progression in T2DM.

Materials and methods
This cross-sectional study was conducted at Kalinga Institute of Medical Sciences (KIMS),
Bhubaneswar, India, from September 2019 to August 2021. A total of 203 patients with T2DM and
nephropathy were included, diagnosed per American Diabetes Association 2017 criteria and staged using
Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. Nephropathy was assessed using the
albumin-to-creatinine ratio, and the glomerular filtration rate (GFR) was calculated using the Modification
of Diet in Renal Disease (MDRD) formula. Venous blood samples were collected to measure platelet indices
using the SYSMEX XN-1000 automated analyzer (Sysmex Corporation, Kobe, Japan). Statistical analysis was
conducted using Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, IBM Corp.,
Version 24.0, Armonk, NY), with a comparison of MPV, PDW, PCT, and PLCR across nephropathy stages
performed via the Kruskal-Wallis test. Pairwise comparisons were made using the Mann-Whitney test, with a
significance level set at p < 0.05.

Results
The study population had a mean age of 61.7 ± 12.0 years, with 62.1% over 60 years and a male-to-female
ratio of 1.5:1. The average diabetes duration was 8.0 ± 5.2 years. The mean platelet count was 236.4 ± 112.6,
and the mean values for MPV, PDW, PCT, and PLCR were 11.4 ± 1.7, 15.2 ± 3.8, 0.28 ± 0.11, and 38.9 ± 11.8,
respectively. Most patients (63.1%) were in the early stages of nephropathy (stages 1-3). Significant
differences in platelet indices were observed across nephropathy stages, with Kruskal-Wallis p-values of
0.027, 0.009, 0.001, and 0.007 for MPV, PDW, PCT, and PLCR, respectively. Pairwise comparisons showed
that platelet indices were significantly elevated in advanced nephropathy stages (stages 4 and 5) compared
to early stages (stages 1 and 2) with p < 0.05.

Conclusion
There is a significant correlation between platelet indices and the severity of nephropathy in T2DM
patients. MPV, PDW, PCT, and PLCR all increase in advanced stages of nephropathy, suggesting these
indices can be used as surrogate markers for assessing disease progression. Their ease of measurement and
cost-effectiveness make them valuable tools in monitoring diabetic nephropathy, offering a simpler and
more cost-effective alternative for monitoring disease progression.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Nephrology
Keywords: mean platelet volume (mpv), microvascular complications, plateletcrit, platelet distribution width,
platelet-large cell ratio

Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia due to
either insulin deficiency or insulin resistance, resulting in vascular complications across various organs [1].
Type 2 DM accounts for 90% of diabetes cases worldwide [2]. DM has become a global health challenge, with
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the number of cases rising to a staggering 463 million (8.8% of adults) worldwide by 2019, and it is expected
to rise to 700 million (10.9%) by 2045. It is estimated that middle- and low-income countries will contribute
around 80% of the global diabetes burden [3]. The Indian population has a genetic predisposition to type 2
DM, and the prevalence in the Indian subcontinent is rising alarmingly. In 2019, 77 million people in India
had diabetes, with projections indicating that this will rise to over 134 million by 2045 [4]. The majority of
morbidity and mortality associated with DM is due to vascular complications arising from metabolic
dysregulation caused by chronic hyperglycemia, leading to significant costs and decreased quality of life for
patients and their relatives, while also placing an increasing burden on healthcare systems.

Sustained hyperglycemia in DM leads to endothelial dysfunction and chronic inflammation, which results in
microvascular complications in the nerves, kidneys, and retina, as well as atherosclerotic macrovascular
changes in larger arteries, including those in the brain, heart, and peripheral arteries [5]. Though
macrovascular complications are responsible for the majority of morbidity and mortality in DM,
microvascular complications often occur earlier. Diabetic nephropathy, also referred to as diabetic kidney
disease, is a major contributor to morbidity in diabetic individuals and is the leading cause of end-stage
renal disease (ESRD) worldwide [6]. Diabetic nephropathy is characterized by progressive kidney damage,
reflected by increasing albuminuria and a gradual decline in glomerular filtration rate (GFR),
ultimately leading to ESRD [7].

To reduce the burden of morbidity and mortality, screening diabetic patients for relevant complications is an
essential aspect of diabetes care today. Early detection allows for focused preventive treatment and specific
management, which can delay the progression of these complications.

Although elevated albuminuria is a standard method for screening and assessing the severity of diabetic
nephropathy, urinary albumin excretion can be influenced by factors unrelated to renal pathology, such as
severe exercise within 24 hours, urinary tract infections, menstruation, marked hyperglycemia, or heart
failure [8]. Therefore, current research is focused on developing new methods for the early detection of
diabetic kidney disease, including the identification of new biomarkers in the blood and urine. In diabetic
individuals, altered platelet morphology and function have been linked to vascular pathology [9,10].

Platelets play a significant role in the development and progression of thrombosis and atherosclerotic
lesions [11]. Given the low cost of peripheral blood smear or platelet index analysis and the role of platelets
in inflammation and endothelial dysfunction, in recent years many researchers have explored the
association between platelet morphological indices and microvascular complications in diabetes [12-14].
Platelet indices like mean platelet volume (MPV), platelet distribution width (PDW), platelet large cell ratio
(PLCR), and plateletcrit (PCT) are being studied for their association with glycemic control and disease
duration. Taderegew MM et al. observed significantly higher MPV, PDW, and PLCR values in diabetics with
microvascular complications compared to those without microvascular complications [15]. Similarly,
Subramanian S et al. and Dubey I et al. reported similar observations in their studies [16,17]. In a meta-
analysis, Liu J et al. found MPV and PDW to be significantly associated with diabetic retinopathy and
nephropathy [18]. However, there is a scarcity of literature on whether platelet indices correlate with
different stages of diabetic kidney disease [19,20]. In this study, we aim to explore the correlation between
platelet indices and stages of diabetic nephropathy, with the goal of establishing platelet indices as
potential markers for predicting the severity of diabetic kidney disease in individuals with type 2 DM.

Materials And Methods
The study was carried out in the Department of Internal Medicine, Kalinga Institute of Medical Sciences,
Bhubaneswar, India, as a hospital-based cross-sectional study from September 2019 to August 2021. The
study protocol was approved by the Institutional Ethics Committee (ref no.: KIMS/KIIT/IEC125/2019).

Sample size
The required sample size was calculated using the formula:

\[n = \frac{z_{(1-\alpha/2)}^2 \cdot P \cdot (1 - P)}{d^2}\]

where n represents the minimum sample size,

z^2(1-α/2) is the value of the standard normal variate corresponding to 1-α/2 for the level of significance,

P denotes the anticipated population proportion,

100(1-α/2)% indicates the confidence level,

d is the absolute precision required on either side of the population estimate.

In this study, the following values for the above parameters have been considered, taking into account the
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frequency of available cases in the hospital:

(i) Confidence level: 95%

(ii) Anticipated population proportion, P=50%

Since we need to estimate varying proportions, 50% has been assumed, as this proportion yields the highest
minimum sample size.

(iii) Absolute precision: d=7%.

For the given input values, the minimum required sample size was calculated to be 196. However, the study
includes a sample size of 203, which exceeds the minimum requirement.

Patients with known type 2 DM, aged 18 years and older, either newly diagnosed or on follow-up (diagnosed
as per American Diabetes Association 2017 criteria) [21], attending the outpatient department or admitted to
wards, were enrolled through a simple random sampling method after we obtained informed consent. A
detailed clinical history was collected, and a thorough examination was conducted. Routine investigations
were carried out, with special emphasis on complete blood count and renal function tests. Subjects were
screened for chronic kidney disease as per Kidney Disease: Improving Global Outcomes (KDIGO) guidelines.
Participants with a spot urine albumin-to-creatine ratio >30 mg/gm were considered to have nephropathy
and were included in the study [22]. GFR was calculated using the Modification of Diet in Renal Disease
(MDRD) formula, and nephropathy staging was conducted according to KDIGO criteria [23]. Patients without
nephropathy were excluded from the study. Additionally, patients with a history of chronic diseases such as
connective tissue disease, thyroid disorders, malignancies, known platelet disorders, or those on anti-
platelet drugs were also excluded. Complete blood count analysis, including haemoglobin, total leucocyte
count, total platelet count, and platelet indices like MPV, PWD, PCT and PLCR, was performed using the
SYSMEX XN-1000 (Sysmex Corporation, Kobe, Japan) automated haematology analyzer. All clinical and
laboratory data were recorded on a predesigned case report form.

Statistical analysis
Data collected during the study were reviewed, codified, and entered into Statistical Package for the Social
Sciences (IBM SPSS Statistics for Windows, IBM Corp., Version 24.0, Armonk, NY) for analysis. Age
distribution by gender was assessed using the cross-tabulation procedure. Categorical variables like
haemoglobin, fasting blood sugar (FBS), post-prandial blood sugar (PPBS), glycated haemoglobin (HbA1C),
diabetes duration, hypertension, total platelet count, MPV, PDW, PCT, PLCR, and nephropathy stage were
analyzed using the frequency procedure. Parametric tests such as the independent samples t-test were used
for normally distributed data, while nonparametric tests were applied to nonnormally distributed data.
Comparison of MPV, PDW, PCT, and PLCR with nephropathy stages was analyzed using the nonparametric
Kruskal-Wallis test. Statistical significance was defined as p < 0.05.

Results
A total of 203 patients with type 2 DM with nephropathy were included in the study, with a mean age of 61.7
± 12.0 years and a male-to-female ratio of 1.5:1. The mean age of male patients was higher than that of
female patients (64.4 ± 11.3 years vs 57.5 ± 11.9 years). Table 1 shows the demographic and clinical
characteristics of study participants.
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Demographic/clinical characteristics N (%)

Gender
Male 122 (60)

Female 81 (40)

Age

<40 yrs 6 (3)

40-60 yrs 71 (35)

>60 yrs 126 (62)

Hypertension
Yes 142 (70)

No 61 (30)

Duration of DM

<6 years 116 (36.5)

6-10 years 96 (47)

>10 years 33 (16.5)

Lab parameters Mean±SD

FBS in mg/dL 165.2±80.5

2hr PPBS in mg/dL 248.7±93.9

HbA1C 8.8±2.7

Duration of DM in years 8.0±5.2

Hb in gm/dL 10.3±2.0

Total platelet count in lakhs/ μL 236.4±112.6

TABLE 1: Demographic/clinical characteristics
DM: diabetes mellitus; FBS: fasting blood sugar; PPBS: post-prandial blood sugar; HbA1C: glycated haemoglobin in percentage

The platelet indices such as MPV, PDW, PCT, and PLCR were specifically analyzed to assess their correlation
with the severity of nephropathy. The mean values of MPV, PDW, PCT, and PLCR in the study population
were 11.4 ± 1.7, 15.2 ± 3.8, 0.28 ± 0.11, and 38.9 ± 11.8, respectively. The distribution of these platelet indices
across different ranges among the study participants is presented in Table 2.
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Platelet Indices Range No. %

MPV

<7 0 0

7-9.5 28 13.8

9.5 175 86.2

Mean ± SD 11.4 ± 1.7

PDW

<9 0 0

9-17 134 66

>17 69 34

Mean ± SD 15.2 ± 3.8

PCT

<0.17 40 19.7

0.17-0.35 116 57.1

>0.35 47 23.2

Mean ± SD 0.28 ± 0.11

PLCR

<13 0 0

13-43 130 64

>43 73 36

Mean ± SD 38.9 ± 11.8

TABLE 2: Classification of platelet indices among study participants
MPV: mean platelet volume; PDW: platelet distribution width; PCT: plateletcrit; PLCR: platelet large cell ratio

Renal function was evaluated using the calculated GFR and KIDGO staging, and it was observed that the
majority of patients (63.1%) were in early nephropathy (stages 1-3), while a smaller percentage of patients
(36.9%) were in the advanced stages (stages 4 or 5). The distribution of nephropathy stages among the study
participants is shown in Table 3.

Staging Number of cases %

Stage 1 45 22.2

Stage 2 41 20.2

Stage 3a 22 10.8

Stage 3b 20 9.9

Stage 4 40 19.7

Stage 5 35 17.2

Total 203 100

TABLE 3: Distribution of cases according to nephropathy stages

All platelet indices were individually compared with the stages of nephropathy in the
study participants using the Kruskal-Wallis test, aiming to identify any statistically significant correlation.
Table 4 shows the comparison of platelet indices with the nephropathy stage.
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Nephropathy Stage Platelet Indices Kruskal-Wallis p-value

Stages 1, 2, 3a, 3b, 4, 5 MPV 0.027

Stages 1, 2, 3a, 3b, 4, 5 PDW 0.009

Stages 1, 2, 3a, 3b, 4, 5 PCT 0.001

Stages 1, 2, 3a, 3b, 4, 5 PLCR 0.007

TABLE 4: Comparison of platelet indices across nephropathy stages
MPV: mean platelet volume; PDW: platelet distribution width; PLCR: platelet large cell ratio; PCT: plateletcrit

Figures 1-4 show the comparison of MPV, PDW, PCT, and PLCR across the nephropathy stage (Kruskal-Wallis
test).

FIGURE 1: Comparison of MPV across nephropathy stages
MPV: mean platelet volume; SD: standard deviation
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FIGURE 2: Comparison of PDW across nephropathy stages
PDW: platelet distribution width

FIGURE 3: Comparison of PCT across nephropathy stages
PCT: plateletcrit
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FIGURE 4: Comparison of PLCR across nephropathy stages
PLCR: platelet large cell ratio

Table 5 shows the pairwise comparison of platelet indices (MPV, PDW, PCT, and PLCR) with respect
to different stages of nephropathy.
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Mann-Whitney Test Mean Rank p-value

MPV and Nephropathy Staging

Stage 1 vs Stage 5 34.22 48.57 0.006

Stage 2 vs Stage 5 32.61 45.40 0.012

Stage3a vs Stage 5 22.91 32.83 0.028

Stage 3b vs Stage 5 20.48 32.30 0.008

PDW and Nephropathy Staging

Stage 1 vs Stage 4 36.97 49.79 0.017

Stage 1 vs Stage 5 34.56 48.14 0.009

Stage 2 vs Stage 4 34.56 47.60 0.013

Stage 2 vs Stage 5 32.27 45.80 0.008

Stage 3a vs Stage 5 23.32 32.57 0.040

Stage 3b vs Stage 5 20.68 32.19 0.010

PCT and Nephropathy Staging

Stage 1 vs Stage 4 52.01 32.86 0.000

Stage 2 vs Stage 4 47.83 34.00 0.008

Stage 3a vs Stage 4 42.73 25.33 0.000

Stage 3b vs Stage 4 36.90 27.30 0.044

Stage 4 vs Stage 5 30.39 46.70 0.001

Comparison of PLCR With Nephropathy Staging

Stage 1 vs Stage 3b 29.22 41.50 0.016

Stage 1 vs Stage 5 33.02 50.11 0.001

Stage 2 vs Stage 5 31.76 46.40 0.004

Stage 3a vs Stage 5 23.14 32.69 0.034

TABLE 5: The pairwise comparison of platelet indices (MPV, PDW, PCT, and PLCR) with respect to
different stages of nephropathy
MPV: mean platelet volume; PDW: platelet distribution width; PCT: plateletcrit; PLCR: platelet large cell ratio

The platelet indices (MPV, PDW, PCT, and PLCR) were compared across different stages of nephropathy
(stages 1, 2, 3a, 3b, 4, and 5) using the Mann-Whitney test. No significant differences were observed in MPV
for the following stage comparisons: stage 1 vs. stage 2, stage 1 vs. stage 3a, stage 1 vs. stage 3b, stage 1 vs.
stage 4, stage 2 vs. stage 3a, stage 2 vs. stage 3b, stage 2 vs. stage 4, stage 3a vs. stage 3b, stage 3a vs. stage 4,
and stage 4 vs. stage 5 (p > 0.05). However, significant differences were observed in the following pairs: stage
1 vs. stage 5, stage 2 vs. stage 5, stage 3a vs. stage 5, stage 3b vs. stage 4, and stage 3b vs. stage 5 (p < 0.05).

The mean rank of PDW did not show any significant differences in the following comparisons: stage 1 vs.
stage 2, stage 1 vs. stage 3a, stage 1 vs. stage 3b, stage 2 vs. stage 3a, stage 2 vs. stage 3b, stage 3a vs. stage
3b, stage 3a vs. stage 4, stage 3b vs. stage 4, and stage 4 vs. stage 5 (p > 0.05). However, significant
differences in PDW were observed in the following pairs: stage 1 vs. stage 4, stage 1 vs. stage 5, stage 2 vs.
stage 4, stage 2 vs. stage 5, stage 3a vs. stage 5, and stage 3b vs. stage 5 (p < 0.05).

The mean rank of PCT did not show any significant differences in the following comparisons: stage 1 vs.
stage 2, stage 1 vs. stage 3a, stage 1 vs. stage 3b, stage 1 vs. stage 5, stage 2 vs. stage 3a, stage 2 vs. stage 3b,
stage 2 vs. stage 5, stage 3a vs. stage 3b, stage 3a vs. stage 5, and stage 3b vs. stage 5 (p > 0.05). However,
significant differences in PCT were observed between stage 1 vs. stage 4, stage 2 vs. stage 4, stage 3a vs.
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stage 4, stage 3b vs. stage 4, and stage 4 vs. stage 5 (p < 0.05).

The mean rank of PLCR did not show any significant differences in the following comparisons: stage 1 vs.
stage 2, stage 1 vs. stage 3a, stage 1 vs. stage 4, stage 2 vs. stage 3a, stage 2 vs. stage 3b, stage 2 vs. stage 4,
stage 3a vs. stage 3b, stage 3a vs. stage 4, stage 3b vs. stage 4, stage 3b vs. stage 5, and stage 4 vs. stage 5 (p >
0.05). However, significant differences in PLCR were observed between stage 1 vs. stage 3b, stage 1 vs. stage
5, stage 2 vs. stage 5, and stage 3a vs. stage 5 (p < 0.05).

Discussion
DM has become a major global health challenge. The rising prevalence of obesity, combined with sedentary
lifestyles and increasing stress levels, complicates the prevention and control of hyperglycemia in DM.
Hyperglycemia in DM leads to the glycation of various proteins, triggering an inflammatory milieu at the
cellular and tissue levels, with increased cytokines levels such as tumour necrosis factor-alpha (TNF-α),
interleukin-6, and C-reactive protein [24]. This inflammatory reaction at the tissue level leads to
microvascular complications like diabetic nephropathy, neuropathy, and retinopathy. Moreover, metabolic
abnormalities in DM activate platelets, which play an important role in both microvascular and
macrovascular complications [25,26]. Platelet indices, such as MPV, PDW, PCT, and PLCR, reflect platelet
function [27]. Several researchers have established a link between changes in platelet indices and vascular
complications in DM, including retinopathy and nephropathy. However, few have explored the association
of platelet indices with different stages of nephropathy in DM. In this study, we investigated the correlation
between platelet indices and the progression of diabetic nephropathy.

In the present study, 86.2% of subjects had elevated MPV levels, with a mean of 11.4 ± 1.7. This aligns with
previous findings by Agrawal BK et al. [28], who reported a mean MPV of 11 ± 2.2, indicating elevated mean
MPV levels in diabetic groups compared to non-diabetic controls. Similar trends were observed in studies by
Kodiatte TA et al. [29], Zuberi BF et al. [30], and Jindal S et al. [31]. There are several possible explanations for
elevated MPV in T2DM. Studies have shown that inflammatory markers are associated with the evolution of
overt diabetes, which suggests that DM is an inflammatory condition. MPV has been shown to be associated
with a variety of inflammatory conditions in various studies [32]. Also, platelets that have been exposed to
inflammatory conditions have shown an increase in size and the number of cytoplasmic granules in
response to inflammation. Increased serum levels of inflammatory products in inflammatory diseases may
interact with megakaryopoiesis in the bone marrow, resulting in the formation of bigger platelets. In type 2
DM, insulin levels increase in the serum of patients. Animal studies have shown that elevated insulin levels
stimulate megakaryocytes to produce larger platelets [33]. Additionally, in the context of hyperglycemia,
osmotic swelling may also contribute to the elevated MPV.

In this study, the PDW ranged from 9 to 17 fL, with a mean of 15.2 ± 3.8. This finding is consistent with the
results reported by Jabeen F et al. [34] and Dalamaga M et al. [35], who observed mean PDW values of 15.02
and 16.4, respectively, in diabetic groups. These values were significantly higher when compared with non-
diabetic control groups. PDW is a direct measure of platelet size and its variability. Elevated PDW indicates
the presence of larger, immature circulating platelets, which may result from abnormal platelet activation in
long-standing, uncontrolled diabetes, leading to the formation of pseudothrombocytosis [36].

Various researchers have reported differing PLCR values in diabetic patients. In this study, the mean PLCR
was 38.9 ± 11.8, significantly higher in diabetic patients. Contrary to this, Khode V et al. [37] and Yilmaz T
and Yilmaz A [38] reported significantly lower PLCR levels in diabetic groups compared to non-diabetic
controls, with mean PLCR values of 21.33 ± 6.1, 29.4 ± 7.38, and 31.71 ± 2.16, respectively. However, Ashraf S
et al. [39] and Sushma KL and Rangaswamy M [40] found significantly higher PLCR levels in diabetics
compared to non-diabetics, consistent with the findings of our study. PLCR reflects the proportion of a
larger platelet fraction and is associated with platelet volume. An increase in PLCR usually accompanies a
rise in newly formed platelets, which are the largest type of platelets. An increase in PLCR may indicate the
presence of giant platelets, platelet aggregates, or microerythrocytes. More research is needed to elucidate
this marker.

In this study, the mean PCT was 0.28 ± 0.11, which was significantly higher, aligning with the findings of
Alhadas KR et al. [41], who also reported higher PCT levels in diabetics. Similarly, Demirtas L et al. [42]
found significantly higher PCT levels in type 2 DM patients compared to controls. In contrast, Citirik M et
al. [43] found no significant difference in PCT levels between the diabetic group and healthy individuals.
PCT is defined as the number of circulating platelets per volume of blood. It is a quantitative test, performed

for abnormalities of platelet count, measured as platelet count x MPV/107. In diabetic patients, larger and
more reactive platelets contribute to an increased platelet mass, thereby elevating PCT. Although many
researchers have investigated the correlation between platelet indices and microvascular complications in
diabetes, fewer authors have explored the association between platelet indices and the stages of diabetic
nephropathy. In our study, we compared each platelet index with different stages of nephropathy. Among
the cases, stages 3b and 3a had the lowest proportions, showing 9.9% and 10.8%, respectively, whereas the
highest proportion was observed in stage 1 (22.2%), followed by stages 2, 4, and 5 with 20.2%, 19.7%, and
17.2%, respectively.
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When comparing the mean MPV across stages 1-5, stage 5 had the highest mean MPV. There was a
significant difference in MPV distribution among nephropathy stages (p = 0.027). Specifically, significant
differences in mean MPV (p < 0.05) were observed between stages 1 and 5, 2 and 5, 3a and 5, 3b and 5, and
3b and 4. These results suggest that MPV increases with nephropathy severity. Similarly, the mean PDW was
highest in stage 5, with a significant difference in PDW across nephropathy stages (p = 0.009). Significant
differences in PDW (p < 0.05) were found between stages 1 and 4, 1 and 5, 2 and 4, 2 and 5, 3a and 5, and 3b
and 5. This shows that PDW also increases as nephropathy advances.

Although the mean PCT was highest in stage 3a, the difference in PCT across all stages was statistically
significant (p = 0.001). Significant differences in PCT (p < 0.05) were observed between stages 1 and 4, 2 and
4, 3a and 4, 3b and 4, and 4 and 5. PCT levels thus increase with nephropathy severity. In our study, the
mean PLCR was highest in stage 5, and the difference in PLCR across stages was statistically significant (p =
0.007). Significant differences in PLCR (P < 0.05) were observed between stages 1 and 3b, 1 and 5, 2 and 5,
and 3a and 5. Thus, PLCR also increases with the progression of nephropathy.

Few researchers have examined the correlation between platelet and nephropathy severity. Turgutalp K et
al. found higher MPV values in all diabetic patients compared to normal participants (p < 0.05) and reported
a positive correlation among MPV, serum creatinine, and proteinuria and a negative correlation with GFR (p
< 0.001 for all; r values: 0.72, 0.82, and -0.92, respectively) [44]. Coskun YE et al. also observed a positive
correlation between CKD stage and MPV in diabetic male patients [45]. In a retrospective study by Ju HY et
al., MPV was negatively associated with estimated GFR in CKD patients, with MPV increasing in parallel
with CKD progression [46]. Tamandon MR et al. observed that changes in MPV had an inverse relationship
with creatinine levels in hypertensive patients (r = -0.484, p = 0.049), concluding that MPV is not a reliable
prognostic marker for kidney disease progression [47].

However, Aashitha PM et al. reported that MPV, PDW, and PCT did not correlate with CKD stages, but
these indices were significantly higher in stage 5 compared to other stages [20]. Many researchers focus
solely on MPV, except Aashitha PM et al., who evaluated PDW and PCT. In our study, we assessed four
platelet indices and found a positive correlation among MPV, PDW, PLCR, and PCT.

Conclusions
Platelet indices are a simple and cost-effective method for detecting microvascular complications in type 2
DM. Platelet indices may serve as a reliable marker of diabetic nephropathy, as supported by both this and
other studies. Additionally, platelet indices can be considered surrogate markers and predictors of
nephropathy severity in type 2 DM patients. However, due to the limited number of studies in this area,
further research is required to validate the utility of platelet indices.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data:  Aparajita Priyadarshini, Piyali Sengupta

Drafting of the manuscript:  Aparajita Priyadarshini, Piyali Sengupta, Pradip Kumar Behera

Concept and design:  Piyali Sengupta, Pradip Kumar Behera, Krishna Padarabinda Tripathy

Critical review of the manuscript for important intellectual content:  Piyali Sengupta, Pradip Kumar
Behera, Krishna Padarabinda Tripathy

Supervision:  Piyali Sengupta, Pradip Kumar Behera, Krishna Padarabinda Tripathy

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee, Kalinga Institute of Medical Sciences issued approval KIIT/KIMS/IEC/125/2019. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

 

2024 Sengupta et al. Cureus 16(10): e71796. DOI 10.7759/cureus.71796 11 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


References
1. Schleicher E, Gerdes C, Petersmann A, et al.: Definition, classification and diagnosis of diabetes mellitus .

Exp Clin Endocrinol Diabetes. 2019, 127:S1-8. 10.1055/a-1018-9078
2. International Diabetes Federation: IDF Diabetes Atlas, Ninth Edition . International Diabetes Federation,

Brussels; 2019.
3. Saeedi P, Petersohn I, Salpea P, et al.: Global and regional diabetes prevalence estimates for 2019 and

projections for 2030 and 2045: results from the International Diabetes Federation Diabetes Atlas, 9(th)
edition. Diabetes Res Clin Pract. 2019, 157:107843. 10.1016/j.diabres.2019.107843

4. Pradeepa R, Mohan V: Prevalence of type 2 diabetes and its complications in India and economic costs to
the nation. Eur J Clin Nutr. 2017, 71:816-24. 10.1038/ejcn.2017.40

5. Orasanu G, Plutzky J: The pathologic continuum of diabetic vascular disease . J Am Coll Cardiol. 2009,
53:S35-42. 10.1016/j.jacc.2008.09.055

6. Tuttle KR, Bakris GL, Bilous RW, et al.: Diabetic kidney disease: a report from an ADA Consensus
Conference. Diabetes Care. 2014, 37:2864-83. 10.2337/dc14-1296

7. Persson F, Rossing P: Diagnosis of diabetic kidney disease: state of the art and future perspective . Kidney
Int Suppl (2011). 2018, 8:2-7. 10.1016/j.kisu.2017.10.003

8. Heerspink HJL, Gansevoort RT, Brenner BM, Cooper ME, Parving HH, Shahinfar S, de Zeeuw D: Comparison
of different measures of urinary protein excretion for prediction of renal events. J Am Soc Nephrol. 2010,
21:1355-60. 10.1681/ASN.2010010063

9. Shilpi K, Potekar RM: A study of platelet indices in type 2 diabetes mellitus patients . Indian J Hematol Blood
Transfus. 2018, 34:115-20. 10.1007/s12288-017-0825-9

10. 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. 10.4103/0974-2727.199625

11. Khandekar MM, Khurana AS, Deshmukh SD, Kakrani AL, Katdare AD, Inamdar AK: Platelet volume indices
in patients with coronary artery disease and acute myocardial infarction: an Indian scenario. J Clin Pathol.
2006, 59:146-9. 10.1136/jcp.2004.025387

12. Jindal S, Gupta S, Gupta R, Kakkar A, Singh HV, Gupta K, Singh S: Platelet indices in diabetes mellitus:
indicators of diabetic microvascular complications. Hematology. 2011, 16:86-9.
10.1179/102453311X12902908412110

13. Dindar S, Cinemre H, Sengul E, Annakkaya AN: Mean platelet volume is associated with glycaemic control
and retinopathy in patients with type 2 diabetes mellitus. West Indian Med J. 2013, 62:519-23.
10.7727/wimj.2012.284

14. Sangapur SM, Darshan RS, Sharanabasappa, Meena B: Platelet indices and their correlation with HbA1c and
association with microvascular complications in type 2 diabetes mellitus. Int J Res Med Sci. 2023, 11:1594-9.
10.18203/2320-6012.ijrms20231321

15. Taderegew MM, Woldeamanuel GG, Emeria MS, Tilahun M, Yitbarek GY, Zegeye B: Platelet indices and its
association with microvascular complications among type 2 diabetes mellitus patients in northeast
Ethiopia: a cross-sectional study. Diabetes Metab Syndr Obes. 2021, 14:865-74. 10.2147/DMSO.S300460

16. Subramanian S, Green SR, Vaithy: A prospective observational study of relation between platelet indices
and microvascular complications in type 2 diabetic patients in a tertiary care hospital. Int J Recent Sci Res.
2020, 11:37915-19.

17. Dubey I, Gaur BS, Singh R: A study to find correlation of platelet indices with HbA1c in diabetic patients
with absence/presence of vascular complications. Int J Res Med Sci. 2017, 5:1042-7. 10.18203/2320-
6012.ijrms20170659

18. Liu J, Liu X, Li Y, et al.: The association of neutrophil to lymphocyte ratio, mean platelet volume, and
platelet distribution width with diabetic retinopathy and nephropathy: a meta-analysis. Biosci Rep. 2018,
38:20. 10.1042/BSR20180172

19. Musthafa M, Aslam MN, Hameed A, Sadaf S, Nadeem MA: Platelet indices in diabetes mellitus indicating
severity of diabetic microvascular complications. J Pak Soc Intern Med. 2021, 2:209-14.

20. Aashitha M, Chander SKU, Muthuvel E: A correlative study of platelet indices in different stages of chronic
kidney disease patients in a tertiary care centre. Saudi J Pathol Microbiol. 2021, 6:375-80.
10.36348/sjpm.2021.v06i10.009

21. American Diabetes Association: Standards of medical care in diabetes-2017 abridged for primary care
providers. Clin Diabetes. 2017, 35:5-26. 10.2337/cd16-0067

22. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group: KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic kidney disease. Kidney Int Suppl. 2013, 3:1-150.

23. Levey AS, Coresh J, Greene T, et al.: Using standardized serum creatinine values in the modification of diet
in renal disease study equation for estimating glomerular filtration rate. Ann Intern Med. 2006, 145:247-54.
10.7326/0003-4819-145-4-200608150-00004

24. Rohm TV, Meier DT, Olefsky JM, Donath MY: Inflammation in obesity, diabetes, and related disorders.
Immunity. 2022, 55:31-55. 10.1016/j.immuni.2021.12.013

25. Vinik A, Erbas T, Park TS, Nolan R, Pittenger G: Platelet dysfunction in type 2 diabetes . Diab Care. 2001,
24:1476-85. 10.1007/978-3-319-60324-7_18

26. Ferroni P, Basili S, Falco A, Davì G: Platelet activation in type 2 diabetes mellitus . J Thromb Haemost. 2004,
2:1282-91. 10.1111/j.1538-7836.2004.00836.x

27. Jagroop I, Clatworthy I, Lewin J, Mikhailidis DP: Shape change in human platelets: measurement with a
channelyzer and visualization by electron microscopy. Platelets. 2000, 11:28-32. 10.1080/09537100075760j

28. Agrawal B, Manchanda B, Garg A: Mean platelet volume in acute myocardial infarction: a case-controlled
study. J Cardiovasc Res. 2015, 1:4.

29. Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M, Lingaiah HK, Lakshmaiah V: Mean platelet
volume in Type 2 diabetes mellitus. J Lab Physicians. 2012, 4:5-9. 10.4103/0974-2727.98662

30. 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.

 

2024 Sengupta et al. Cureus 16(10): e71796. DOI 10.7759/cureus.71796 12 of 13

https://dx.doi.org/10.1055/a-1018-9078
https://dx.doi.org/10.1055/a-1018-9078
https://diabetesatlas.org/idfawp/resource-files/2019/07/IDF_diabetes_atlas_ninth_edition_en.pdf
https://dx.doi.org/10.1016/j.diabres.2019.107843
https://dx.doi.org/10.1016/j.diabres.2019.107843
https://dx.doi.org/10.1038/ejcn.2017.40
https://dx.doi.org/10.1038/ejcn.2017.40
https://dx.doi.org/10.1016/j.jacc.2008.09.055
https://dx.doi.org/10.1016/j.jacc.2008.09.055
https://dx.doi.org/10.2337/dc14-1296
https://dx.doi.org/10.2337/dc14-1296
https://dx.doi.org/10.1016/j.kisu.2017.10.003
https://dx.doi.org/10.1016/j.kisu.2017.10.003
https://dx.doi.org/10.1681/ASN.2010010063
https://dx.doi.org/10.1681/ASN.2010010063
https://dx.doi.org/10.1007/s12288-017-0825-9
https://dx.doi.org/10.1007/s12288-017-0825-9
https://dx.doi.org/10.4103/0974-2727.199625
https://dx.doi.org/10.4103/0974-2727.199625
https://dx.doi.org/10.1136/jcp.2004.025387
https://dx.doi.org/10.1136/jcp.2004.025387
https://dx.doi.org/10.1179/102453311X12902908412110
https://dx.doi.org/10.1179/102453311X12902908412110
https://dx.doi.org/10.7727/wimj.2012.284
https://dx.doi.org/10.7727/wimj.2012.284
https://dx.doi.org/10.18203/2320-6012.ijrms20231321
https://dx.doi.org/10.18203/2320-6012.ijrms20231321
https://dx.doi.org/10.2147/DMSO.S300460
https://dx.doi.org/10.2147/DMSO.S300460
https://scholar.google.com/scholar?q=intitle:A prospective observational study of relation between platelet indices and microvascular complications in type 2 diabetic patients in a tertiary care hospital
https://dx.doi.org/10.18203/2320-6012.ijrms20170659
https://dx.doi.org/10.18203/2320-6012.ijrms20170659
https://dx.doi.org/10.1042/BSR20180172
https://dx.doi.org/10.1042/BSR20180172
https://www.researchgate.net/publication/354779429_6-Platelet-Indices-in-Diabetes-Mellitus-Indicating-Severity-of-Diabetic-Microvascular-Complications-1
https://dx.doi.org/10.36348/sjpm.2021.v06i10.009
https://dx.doi.org/10.36348/sjpm.2021.v06i10.009
https://dx.doi.org/10.2337/cd16-0067
https://dx.doi.org/10.2337/cd16-0067
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://dx.doi.org/10.7326/0003-4819-145-4-200608150-00004
https://dx.doi.org/10.7326/0003-4819-145-4-200608150-00004
https://dx.doi.org/10.1016/j.immuni.2021.12.013
https://dx.doi.org/10.1016/j.immuni.2021.12.013
https://dx.doi.org/10.1007/978-3-319-60324-7_18
https://dx.doi.org/10.1007/978-3-319-60324-7_18
https://dx.doi.org/10.1111/j.1538-7836.2004.00836.x
https://dx.doi.org/10.1111/j.1538-7836.2004.00836.x
https://dx.doi.org/10.1080/09537100075760j
https://dx.doi.org/10.1080/09537100075760j
https://www.researchgate.net/profile/Bimal-K-Agrawal/publication/282130697_Mean_platelet_volume_in_acute_myocardial_infarction_a_case-controlled_study/links/5603fc8f08ae14a02515459a/Mean-platelet-volume-in-acute-myocardial-infarction-a-case-controlled-study.pdf
https://dx.doi.org/10.4103/0974-2727.98662
https://dx.doi.org/10.4103/0974-2727.98662
http://www.smj.org.sg/sites/default/files/4902/4902a4.pdf


31. Jindal S, Gupta S, Gupta R: Platelet indices in diabetes mellitus: indicators of diabetic microvascular
complications. Hematology. 2011, 16:86-9. 102453311X12902908412110

32. Schmidt AM, Hori O, Brett J, Yan SD, Wautier JL, Stern D: Cellular receptors for advanced glycation end
products. Implications for induction of oxidant stress and cellular dysfunction in the pathogenesis of
vascular lesions. Arterioscler Thromb. 1994, 14:1521-8. 10.1161/01.atv.14.10.1521

33. Schneider DJ: Factors contributing to increased platelet reactivity in people with diabetes . Diabetes Care.
2009, 32:525-7. 10.2337/dc08-1865

34. 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, 29:152-6. 10.12669/pjms.291.2592

35. Dalamaga M, Karmaniolas K, Lekka A, et al.: Platelet markers correlate with glycemic indices in diabetic, but
not diabetic-myelodysplastic patients with normal platelet count. Dis Markers. 2010, 29:55-61.
10.3233/DMA-2010-0726

36. 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, 14:28-32.

37. Khode V, Sindhur J, Kanbur D, Ruikar K, Nallulwar S: Mean platelet volume and other platelet volume
indices in patients with stable coronary artery disease and acute myocardial infarction: a case control study.
J Cardiovasc Dis Res. 2012, 3:272-5. 10.4103/0975-3583.102694

38. Yilmaz T, Yilmaz A: Relationship between altered platelet morphological parameters and retinopathy in
patients with type 2 diabetes mellitus. J Ophthalmol. 2016, 2016:9213623. 10.1155/2016/9213623

39. Ranjan RK, Ashraf S, Singh S, Singh HB, Kudesia M, Sharma R: Diabetes disease burden by platelet indices as
possible biomarkers in evaluation of initial vascular risks in grading diabetes mellitus part I: correlation of
platelet dysfunction indices with hematopoietic and biochemical parameters. IOSR J Dent Med Sci. 2018,
17:33-52.

40. Sushma KL, Rangaswamy M: Study of platelet indices in type 2 diabetic patients and its correlation with
vascular complications. Ann of Pathol and Lab Med. 2017, 4:591-8.

41. 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 Patol Med Lab. 2016, 52:96-102.

42. Demirtas L, Degirmenci H, Akbas EM, Ozcicek A, Timuroglu A, Gurel A, Ozcicek F: Association of
hematological indicies with diabetes, impaired glucose regulation and microvascular complications of
diabetes. Int J Clin Exp Med. 2015, 8:11420-7.

43. Citirik M, Beyazyildiz E, Simsek M, Beyazyildiz O, Haznedaroglu IC: MPV may reflect subcinical platelet
activation in diabetic patients with and without diabetic retinopathy. Eye (Lond). 2015, 29:376-9.
10.1038/eye.2014.298

44. Turgutalp K, Özhan O, Akbay E, et al.: Mean platelet volume and related factors in patients at different
stages of diabetic nephropathy: a preliminary study. Clin Appl Thromb Hemost. 2014, 20:190-5.
10.1177/1076029612456734

45. Yenigun EC, Aypak C, Turgut D, Piskinpasa SV, Cevher SK, Koc E, Dede F: Is there a relation between mean
platelet volume and chronic kidney disease stages in diabetic patients. Int J Clin Exp Med. 2016, 9:330-5.

46. Ju HY, Kim JK, Hur SM, et al.: Could mean platelet volume be a promising biomarker of progression of
chronic kidney disease?. Platelets. 2015, 26:143-7. 10.3109/09537104.2014.890179

47. Tamandon MR, Torabi SMA, Moghimi J, Mirmohammadkhani M, Ghahremanfard F: Serum creatinine levels
in relationship with mean platelet volume in patients with chronic kidney disease. J Renal Inj Prev. 2018,
7:38-41. 10.15171/jrip.2018.09

 

2024 Sengupta et al. Cureus 16(10): e71796. DOI 10.7759/cureus.71796 13 of 13

https://dx.doi.org/102453311X12902908412110
https://dx.doi.org/102453311X12902908412110
https://dx.doi.org/10.1161/01.atv.14.10.1521
https://dx.doi.org/10.1161/01.atv.14.10.1521
https://dx.doi.org/10.2337/dc08-1865
https://dx.doi.org/10.2337/dc08-1865
https://dx.doi.org/10.12669/pjms.291.2592
https://dx.doi.org/10.12669/pjms.291.2592
https://dx.doi.org/10.3233/DMA-2010-0726
https://dx.doi.org/10.3233/DMA-2010-0726
https://pubmed.ncbi.nlm.nih.gov/20411056/
https://dx.doi.org/10.4103/0975-3583.102694
https://dx.doi.org/10.4103/0975-3583.102694
https://dx.doi.org/10.1155/2016/9213623
https://dx.doi.org/10.1155/2016/9213623
https://journals.indexcopernicus.com/api/file/viewByFileId/404241
https://pacificejournals.com/journal/index.php/apalm/article/view/apalm1297
https://www.scielo.br/j/jbpml/a/PXdBBqNq9m43HHSV8MxFHmP/?lang=en
https://pubmed.ncbi.nlm.nih.gov/26379958/
https://dx.doi.org/10.1038/eye.2014.298
https://dx.doi.org/10.1038/eye.2014.298
https://dx.doi.org/10.1177/1076029612456734
https://dx.doi.org/10.1177/1076029612456734
https://e-century.us/files/ijcem/9/1/ijcem0015198.pdf
https://dx.doi.org/10.3109/09537104.2014.890179
https://dx.doi.org/10.3109/09537104.2014.890179
https://dx.doi.org/10.15171/jrip.2018.09
https://dx.doi.org/10.15171/jrip.2018.09

	Exploring Platelet Indices as Predictors of Nephropathy Severity in Type 2 Diabetes Mellitus: A Hospital-Based Cross-Sectional Analysis
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Sample size
	Statistical analysis

	Results
	TABLE 1: Demographic/clinical characteristics
	TABLE 2: Classification of platelet indices among study participants
	TABLE 3: Distribution of cases according to nephropathy stages
	TABLE 4: Comparison of platelet indices across nephropathy stages
	FIGURE 1: Comparison of MPV across nephropathy stages
	FIGURE 2: Comparison of PDW across nephropathy stages
	FIGURE 3: Comparison of PCT across nephropathy stages
	FIGURE 4: Comparison of PLCR across nephropathy stages
	TABLE 5: The pairwise comparison of platelet indices (MPV, PDW, PCT, and PLCR) with respect to different stages of nephropathy

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


