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Abstract

Background: Diabetes mellitus is a multifactorial disorder characterized by persistent elevation of plasma glucose and permanent 
complications of both small and large vessels. The high mortality rates, a decline in quality of life, and high morbidity rates are 
mostly caused by these problems. When blood vessels are injured, the normal hemostatic process depends heavily on platelets to 
maintain their integrity. Objectives: This study aimed at comparing various platelet indices between people with type II diabetes 
and people who appeared to be in good health status. Materials and Methods: This case-controlled study was carried out at the 
Azadi Teaching Hospital’s Laboratory in Duhok. Four milliliters of blood were collected from diabetics and non-diabetic controls 
into ethylenediaminetetraacetic acid anticoagulant tubes. Glycated hemoglobin and complete blood count were evaluated by 
automated chemistry analyzer Cobas 6000 (Roche) and automated blood count analyzer (Coulter, Sweden), respectively; platelet 
parameters including platelet count, platelet distribution width, mean platelet volume, platelet-large cell ratio, and platelet crit were 
obtained. Diabetic patients were divided into two groups: Group 1 with good glycemic control (HbA1c < 7%) and Group 2 with poor 
glycemic control (HbA1c ≥ 7%). Statistical software SPSS 26.0 was used. Results: The mean age of diabetic patients in this study was 
50.97 ± 10.91 years. The mean values of platelet parameters except for platelet counts were significantly higher among diabetic patients 
when compared to non-diabetic subjects as well as among diabetic patients with poor glycemic controls compared to those with good 
glycemic control. Conclusion: All platelet indices apart from platelet count were significantly elevated among patients with diabetes 
mellitus than healthy subjects and also in relation to the degree of glycemic control of the disease with a P value of <0.05.

Keywords: Diabetes duration, diabetes mellitus, glycemic control, platelet indices

Introduction
Diabetes is a long-lasting metabolic condition 
characterized by high blood sugar levels which occurs 
as a result of insufficient insulin production or the 
body’s insulin insensitivity.[1] The HbA1c test is the gold 
standard for the diagnosis and follow-up of patients after 
treatment. However, due to a lack of laboratory resources, 
the HbA1c test may not be available in rural areas.[2] 
Platelets (PLTs) are dynamic blood molecules that carry 
out a variety of physiological tasks, including initiation 
of hemostasis with coagulation factors to stop excessive 
bleeding and improve host defense against pathogens and 
inflammatory triggers.[3] Platelet indices (PI) are indicators 
of platelet function activation and are interconnected to 
platelet shape and proliferation capacity of platelets, it 
includes platelet count, mean platelet volume (MPV), 

platelet distribution width (PDW), platelet-large cell ratio 
(P-LCR), and platelet crits (PCT) and are obtained by 
automated blood count analyzers.[4]

Platelet indices including MPV, PCT, and PDW are the 
markers of augmented platelet activity.[5,6]

Diabetes mellitus (DM) is reported to have a high MPV, 
which measures the average size and activity of the 
platelets, and it is thought to be a risk factor for heart 
disease. Similarly, PDW is a measure of platelet size 
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variation and may be an indication of active platelet 
release. PDW and MPV have a direct relationship with 
the P-LCR.[7] Moreover, MPV and PDW are also known 
to become higher in diabetic patients.[8] Another indicator 
of platelet activity is the PLCR, which is calculated as a 
percentage of all circulating platelets with a volume ≥12 fl, 
characteristically, it falls between 15% and 35%.[9]

PDW, which rises in response to platelet activation, 
measures differences in the size of platelets produced by 
megakaryocytes.[10]

Prior researches have demonstrated the correlation 
between elevated levels of MPV, PDW, P-LCR, platelet 
count, and cell adhesion molecules in the blood with 
illnesses including metabolic syndrome and diabetes that 
are linked to endothelial dysfunction.[11,12]

The current study compared various platelet parameters 
(PC, PCT, MPV, P-LCR, and PDW) between patients 
with type 2 diabetes and controls in order to assess these 
parameters and determine the effects of glycemic status 
and the length of diabetes on these parameters.

Materials and Methods
This case-control study was approved at Azadi Teaching 
Hospital in Duhok City, and it was carried out over the 
course of  five months, from October 2022 to March 
2023. After receiving official ethical consent and 
approval from each subject, the study was then carried 
out. Patients diagnosed with type II DM with fasting 
blood glucose ≥ 126 mg/dL and/or HbA1C ≥ 6.5%, who 
aged from 30 to 60 years attending the Diabetes Center 
Clinic of  the hospital were enrolled, they were first 
asked for some clinical information and their medical 
history.

Exclusion criteria

•	 Diabetes mellitus type I
•	 Patients with hematological conditions such as anemia, 

thrombocytopenia, cancer, or a recent history of blood 
transfusions

•	 Chronic renal or liver diseases
•	 Autoimmune diseases like rheumatoid arthritis
•	 Thyroid illnesses
•	 Patients receiving chemotherapeutic agents
•	 Pregnant women

According to the 2013 American diabetes association 
criteria, the individuals were divided into two groups 
based on the HbA1c level. Patients were classified as 
having controlled diabetes if  their HbA1c was below 7% 
and as having uncontrolled diabetes if  their HbA1c was 
above 7%.[13]

Following the precautions required for measuring glycated 
hemoglobin (HbA1c) and performing complete blood 

count (CBC), 4 mL of blood were drawn and placed in two 
ethylenediaminetetraacetic acid tubes by venipuncture of 
the median cubital vein under perfectly sterile conditions. 
The instrument used for HbA1c and other glucose 
parameters was Cobas 6000, ROCHE, Germany.

Coulter counter (Swedish) was used for CBC analysis, 
and platelet indices including platelet count, MPV, PDW, 
P-LCR, and platelet count (PC) were all recorded. The 
processing of samples, calibration of the equipment, and 
instrument standardization all were done according to the 
manufacturer’s recommendations.

Statistical analysis
The IBM SPSS version 26.0 (SPSS, IBM Company, 
Chicago, IL 60606, USA) was used for data entry and 
analysis. To determine the statistical significance and 
correlation between PI in the different groups (controls, 
DM, and patients with HbA1c < 7% and those with HbA1c 
≥ 7%), statistical tests including the student’s independent 
t test and analysis of variance (ANOVA) were used. Data 
were expressed as mean ± standard deviation. A P value < 
0.05 was considered statistically significant.

Ethical approval
The study was carried out in compliance with the ethical 
guidelines found in the Declaration of Helsinki. Prior 
to taking the sample, the patient’s verbal and analytical 
consent was obtained. With a registration number 
06112022-11-8 on November 6, 2022, a local ethics 
committee evaluated and approved the study protocol as 
well as the subject information and permission form.

Results
In this study, the blood glucose and HbA1c levels of 250 
diabetic patients and 250 healthy people with normal CBC 
parameters were compared. The mean age of diabetic 
patients was 50.97 ± 10.91  years. In the diabetes group, 
there were 130 women and 120 men, regarding healthy 
subjects, the numbers of men and women were equal and 
was 125 for each gender.

We have calculated the mean values of  the MPV, PDW, 
P-LCR, and PCT in both diabetics and non-diabetics 
groups were calculated. Our study observed the values 
of  MPV, PDW, P-LCR, and PCT were significantly 
higher in diabetic patients with a P value of  <0.05 
[Table 1].

Diabetic patients were further subdivided into two groups 
according to their HbA1c levels. Group 1 with HbA1c level 
of <7% and Group 2 with HbA1c level of ≥7%. Of the 
250 patients in the diabetic group, 60 (24%) patients had 
an HbA1c value of <7%, and 190 (76%) had HbA1C of 
≥7%. Patients in group 2 had considerably higher levels of 
glycated hemoglobin. The mean HbA1c values for groups 
1 and 2 were 6.58 ± 0.28% and 8.81 ± 1.58, respectively. 
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With a P value of 0.000, this difference between the two 
groups was statistically very significant [Table 2].

Except for platelet count, the mean values of glycated 
hemoglobin and other platelet indices (MPV, PDW, 
P-LCR, and PCT) were found to be higher in group 2 with 
HbA1c ≥7%. This difference in the mean values of the two 
groups was statistically significant with a P value of 0.000. 
Furthermore, the study found a statistically significant 
difference in the mean values of MPV, P-LCR between 
the two groups of patients with <10 years and those with 
>10-year duration of the disease with a P value 0.036 and 
0.009, respectively [Table 3].

When we compared the mean values of the platelet indices 
between the control group and diabetics, we found that 
they increased with increasing HbA1c level [Table 4].

Discussion
In this study, platelet indices of diabetics which include 
platelet count, MPV, PDW, P-LCR, and PC parameters, 
were compared to their glycemic management. We found 
a linear association between these parameters and both 
the duration of the disease and HbA1c levels.

Different hematological markers have been used during 
routine clinical practice as changes in these markers have 

Table 1: Comparison of selected parameters between controls and diabetics

Parameters Controls Mean ± SD Patients Mean ± SD T test P value Statistical significance 
PLT 236.09 ± 51.64 234.79 ± 43.99 0.3030 0.7620 NS

MPV 7.96 ± 1.09 10.21 ± 1.48 19.3569 0.0001 S

PDW 11.48 ± 1.43 15.12 ± 2.03 23.1695 0.0001 S

P-LCR 19.04 ± 4.16 30.72 ± 6.69 23.4342 0.0001 S

PCT 0.185 ± 0.04 0.24 ± 0.05 11.7244 0.0001 S

HBA1c 5.17 ± 0.54 8.31 ± 1.68 28.0263 0.0001 S

Table 2: Comparison of platelet parameters between diabetics with HbA1c <7 and HbA1c ≥7

Parameters HbA1c < 7 No = 60 HbA1c ≥ 7 No = 190 T test P value Statistical significance 
PLT 227.45 ± 37.91 235.18 ± 45.22  1.197 0.2323 NS

MPV 8.83 ± 1.079 10.625 ± 1.346 9.3774 0.0001 S

PDW 13.297 ± 1.583 15.637 ± 1.847 8.8418 0.0001 S

P-LCR 24.587 ± 5.153 32.402 ± 6.151 8.9014 0.0001 S

PCT 0.1992 ± 0.04 0.2496 ± 0.05 6.3874 0.0001 S

HBA1C 6.5833 ± 0.28 8.8145 ± 1.584 10.8353 0.0001 S

Table 4: Comparison of parameters among controls and diabetics with HbA1c ≥ 7 and HbA1c < 7

Parameters Controls Mean ± SD  
No = 250 

HbA1C <7% Mean ± SD 
No = 60 

HbA1C ≥7% Mean ± SD 
No = 190 

P value Statistical 
significance 

Age 31.53 ± 5.35 47.03 ± 10.47 52.18 ± 11.00 0.000 S

PLT count 236.09 ± 51.64 227.45 ± 37.91 235.18 ± 45.22 0.448 NS

MPV 7.96 ± 1.09 8.83 ± 1.079 10.62 ± 1.34 0.000 S

PDW 11.48 ± 1.43 13.29 ± 1.58 15.63 ± 1.84 0.000 S

P-LCR 19.04 ± 4.16 24.58 ± 5.15 32.40 ± 6.15 0.000 S

PCT 0.185 ± 0.04 0.20 ± 0.04 0.25 ± 0.05 0.000 S

HBA1c 5.17 ± 0.54 6.58 ± 0.28 8.81 ± 1.58 0.000 S
One-way ANOVA test

Table 3: Comparison of selected parameters among diabetic patients in relation to diabetes duration in years

Parameters DM duration <10 years Mean ± SD No = 210 DM duration ≥10 years No = 40 T test P value Statistical significance 
PLT 232.62 ± 42.70 237.03 ± 48.65 –0.584 0.559 NS

MPV 10.109 ± 1.514 10.650 ± 1.319 –2.111 0.036 S

PDW 14.990 ± 2.008 15.525 ± 2.208 –1.520 0.130 NS

P-LCR 30.037 ± 6.651 33.090 ± 7.059 –2.634 0.009 S

PCT 0.2354 ± 0.058 0.2483 ± 0.0522 –1.297 0.196 NS

HBA1C 8.1945 ± 1.6634 8.7225 ± 1.7455 –1.8254  0.069 NS
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served as prognostic markers for diseases severity and 
comorbidity.[5,14,15]

The number of diabetic patients with HbA1c levels less 
than 7% was lower than those whose HbA1c levels were 
≥7%; this finding was similar to the figures reported 
by Kodiatte et  al.[16] This may have been brought on by 
bad eating habits and a lack of awareness regarding 
the diabetes-specific diets, exercise regimens with poor 
compliance of patients and adherence to the specific 
management that must be followed.[17]

Assessment of the relationship between glycemic control 
and platelet indices in DM patients:

PC: In our study, we found platelet count was almost equal 
in diabetic and control groups this finding is in agreement 
with studies done by Maheshwari et al. and Ozder et al. 
respectively.[18,19] However, they were discordant with those 
reported by other researchers.[20,21]

Furthermore, there were no considerable differences in 
PC between controlled and uncontrolled diabetic patients; 
Samaddar et  al.[22] reported a similar finding. However, 
our findings disagree with those of the study of Akinsegun 
et al.[23] where they revealed that diabetics’ mean platelet 
counts were significantly higher than those of controls.

MPV: Platelet volume is a measure for platelet function 
and activity. The findings of the current study were similar 
to those of other authors,[19,20,24,25] but were significantly 
different from those found by Akinsegun et  al.,[23] the 
MPV between controls and patients varied significantly. 
additionally, MPV was substantially higher in in patients 
with poorer glycemic control than those with good control, 
with a P-value of 0.000. These findings are consistent with 
those of Shipli et al.[26]

PDW: It is a measure of both platelet activation and the 
distribution of platelet size.[12] In the current investigation, 
there was a statistically significant difference in the mean 
PDW between diabetes and healthy subjects, with a P 
value of <0.000, and similar results were noted in other 
studies done by[25-28] who found a significantly higher value 
of PDW among diabetics compared to non-diabetics.

Furthermore, we also found a statistically significantly 
higher value of PDW among patients with HbA1c levels 
≥7% than those with HbA1c levels <7%, our finding were 
in concordance with the study done by Samaddar et al. 
and Jindal et al.[22,29]

P-LCR: Our study showed a significant difference between 
controls and diabetic patients and among good and poorly 
controlled diabetic patients with a P value of 0.000, This 
is in agreement with the studies done by Shipli and Jindal 
et al.,[26,29] but contrasts with Buch’s findings.[30]

PCT: It measures total platelet mass and its normal reference 
value is 0.22%–0.24%.[4] The mean PCT value was higher 

in diabetic patients compared to healthy participants and 
among uncontrolled patients in comparison to those with 
well controlled disease, this finding was agreeing with that 
reported by Demirtas et al.[25]

Platelet indices (MPV, PDW, P-LCR, and PCT) in the 
current study were significantly higher among diabetics 
than non-diabetic subjects, similar findings were reported 
in Rajas’ study.[31] Moreover, the present study showed 
a significantly higher levels of some platelet parameters 
between healthy and diabetic participants and also in 
relation to glycemic control, these findings are similar to 
those reported by other researchers.[25,26,32]

However, our results differed from those of a study 
conducted by Pawan et  al.,[33] where they concluded no 
significant difference in platelet indices (platelet count, 
P-LCR, and PCT) between controls and patients, as well 
as between diabetic patients with and without glycemic 
control.

Contrary to our findings, Jiskani[34] found platelet indices 
MPV, PCT, and P-LCR and PC apart from PDW were 
higher in controls than in the studied patients, additionally, 
the same changes in platelet indices were noted in relation 
to glycemic control (HbA1C <7% vs. ≥7%).

We also found that the MPV and P-LCR were significantly 
higher in patients with diabetes with more than 10 years 
duration of the disease, and this finding is similar to that 
of Swaminathan[35] for MPV but was in contrast to the 
results of other researchers.[16,32,36]

Conclusion
The current study demonstrates considerable variations 
in platelet parameters between healthy participants and 
patients with T2DM, especially those with poor glycemic 
control. PI analysis is a quick and affordable diagnostic tool, 
it can be utilized to identify people with poorly controlled 
disease and to lower their morbidity and mortality.
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