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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is one of the most 
important chronic conditions in the world that cause great 
economic burden on healthcare providers [1]. Micro-vascular 
complications of T2DM, diabetic retinopathy, neuropathy and 
nephropathy, are responsible from a serious amount of 
diabetes related morbidity and mortality in this population.

Development and progressions of both diabetic retinopathy, 
neuropathy and nephropathy are associated with diabetic 
regulation. Glycated hemoglobin (HbA1c) is widely and 
universally accepted as a marker of diabetic control in 
subjects with T2DM. Since the lifespan of the erythrocytes is 
about 120 days, HbA1c fails to predict acute deteriorations in 
diabetic control level. 

Authors study novel inflammatory markers that derived from 
routine blood count tests in inflammatory conditions, such as 
T2DM. Mean platelet volume (MPV), an indice of 
thrombocyte activation, has been studied in T2DM and found 
to be elevated in diabetic subjects compared to healthy 
population [2, 3]. Besides MPV, MPV to platelet ratio was 
also linked to the diabetic regulation [4]. Another of these 

hemogram parameters is platelet distribution width (PDW), 
which refers the size variability of circulating platelets [5].  
Since PDW is not affected by swelling of the thrombocytes, it 
was considered as a better predictor of platelet activation than 
MPV [6]. Platelet anisocytosis term is used when the PDW 
elevated to normal range of 9-14% [6]. It is increased during 
platelet activation [7]. PDW has been found to be increased in 
coronary heart disease and related with the extent of the 
arterial disease [8]. 

In present retrospective study, we aimed to compare PDW 
levels of T2DM patients to those with healthy subjects. We 
also aimed to compare PDW levels of diabetic subjects with 
and without chronic diabetic complications. 

METHODS

Type 2 diabetic patients admitted to outpatient clinics 
between January and June 2018 were enrolled to the study. 
Patients with active inflammatory conditions; such as 
rheumatoid arthritis, inflammatory bowel disease, and 
patients with cancer were excluded. Other exclusion criteria 
were age younger than 18 years and pregnancy.  Control 
group was consisted of volunteers whom asked a routine 
check-up on admission to internal medicine outpatient clinics 
of our institution. 

General characteristics and physical examination findings of 
the patients; age, sex, height, body weight, waist 
circumference, systolic and diastolic blood pressures were 
recorded. Body mass index (BMI) was calculated with 
division of body weight by the square of height (kg/m2).

Hemogram parameters; white blood cell count (WBC), 
hemoglobin (Hb), hematocrit (Htc), platelet count (Plt) and 
PDW were obtained from patient files and recorded. 
Similarly, biochemical parameters, such as, HbA1c, fasting 
blood glucose, serum creatinine, triglyceride, total 
cholesterol, LDL cholesterol and HDL cholesterol levels were 
obtained from computerized database and patient files of our 
institution. 

Diabetic microvascular complications for each diabetic 
participant were researched in patients’ files by searching 
renal functions and proteinuria, ophthalmology consultation 
and neurology consultation. 

All data were analyzed by SPSS software (SPSS 15.0 for 
Windows, IBM Co. Chicago, IL, USA). 
Kolmogorov-Smirnov test used to determine distribution of 

the variables in study groups homogenously or not. 
Homogenous variables were conducted with t test and 
expressed as mean ± standard deviation. Non-homogenously 
distributed variables were conducted with Mann Whitney U 
test and expressed as median (min-max). Categorical 
variables were compared in study cohort by chi-square test. 
Correlations between study variables were analyzed with 
Pearson’s correlation test. The p values lower than 0.05 are 
considered as significant. 

RESULTS

Study cohort was consisted of 120 participants, 75 patients 
with T2DM and 45 healthy controls. Median ages of T2DM 
and control groups were 53 (29-66) and 52 (30-59) years, 
respectively (p = 0.12). 39 of 75 in T2DM group and 31 of 45 
in control group were women (p = 0.07).
 
Diastolic blood pressure (p = 0.20), Plt (p = 0.62), serum 
creatinine (p = 0.06), Hb (p = 0.58), Ht (p = 0.23), and height 
(p = 0.10) were not significantly different from controls in 
T2DM group. Table 1 shows the characteristics of the study 
population. 

Both weight (p < 0.001), BMI (p < 0.001), waist 
circumference (p < 0.001), systolic blood pressure (p = 0.02), 
WBC (p < 0.001), fasting plasma glucose (p < 0.001), serum 
total cholesterol (p = 0.003), LDL cholesterol (p = 0.03), and 
triglyceride (p < 0.001) levels were significantly higher in 
diabetic subjects compared to controls. Serum HDL 
cholesterol was significantly decreased in T2DM group 
compared to control group (p < 0.001). 

The PDW of patients with T2DM (18.1 ± 0.9%) was 
significantly increased compared to the PDW of healthy 
control subjects (16.7 ± 0.5%). The difference between study 
groups was statistically significant (p < 0.001).
  
In Pearson’s correlation test, PDW was positively and 
significantly correlated with HbA1c (r = 0.63, p < 0.001) and 

fasting plasma glucose (r = 0.48, p < 0.001) levels (Fig. 1). 

Fig. (1). Correlations between PDW and Fasting Plasma 
Glucose and PDW and HbA1c.

In subgroup analyze of patients with T2DM revealed that 
PDW and HbA1c levels of the patients with diabetic 
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nephropathy were significantly elevated compared to the 
diabetic subjects without diabetic nephropathy (p < 0.001 for 
both HbA1c and PDW). Similarly, PDW and HbA1c levels of 
the patients with diabetic neuropathy were significantly 
elevated compared to the diabetic subjects without diabetic 
neuropathy (p < 0.001 for PDW and p = 0.01 for HbA1c). 
However, PDW and HbA1c levels of the diabetic subjects 
with and without diabetic retinopathy were not statistically 
different (p = 0.38 for PDW, p = 0.24 for HbA1c).

DISCUSSION

We showed that PDW was significantly higher in type 2 
diabetic patients compare to healthy population. Another 
striking result of present study is that, similar to the HbA1c, 
PDW was increased in T2DM subjects with diabetic 
neuropathy and diabetic nephropathy compared to diabetics 
without these chronic complications.
 
Elevated PDW values have been reported to be related with 
increased mortality in patients with acute myocardial 
infarction that treated with primary percutaneous coronary 
intervention and authors suggested PDW over 16% as 
independent prognostic factor for this population [6].
 
There are several reports about elevation in PDW in immune 
thrombocytopenia, an autoimmune condition [9].

Studies on cardiac conditions have revealed that PDW was 
higher in patients with ST segment elevation myocardial 
infarction compared to the subjects with stable coronary 
artery disease [10]. Moreover, increased PDW was suggested 
as an independent predictor of thrombolysis failure in patients 
with ST segment elevation myocardial infarction [10].

Authors from India reported that PDW was significantly 
increased in subjects with coronary disease compared to the 
subjects with normal angiographic findings [11]. On the other 
hand, greater PDW values were detected in patients with 
stable coronary heart disease that have total coronary 
occlusion compared to the subjects without total occlusion of 
coronary artery [12]. Another study concluded that Ihara et al. 
reported that PDW was significantly elevated in coronary 
disease with positive angiography results compared to those 
with negative angiographic findings [13]. 

Besides coronary disease, elevated PDW has been studied in 
diabetes mellitus, too. It has been reported in 2011 that, PDW 
was elevated in patients with diabetes mellitus compared to 
control group [14]. Moreover, they found that PDW was 
greater in diabetics with microvascular complications than the 
diabetics without any microvascular complications [14]. 
However, they did not compared PDW in diabetics with 
diabetic complications to those without separately as diabetic 
retinopathy, neuropathy and nephropathy. Our study differ 
from theirs being compared each microvascular 
complications in subjects with and without them. In addition 

they did not analyzed the correlation between HbA1c and 
PDW, which have been strongly correlated to each other in 
our present study. HbA1c reflects diabetic regulation in 3 
months period since the lifespan of erythrocytes is about 120 
days. Since the life of platelets is 7-10 days, PDW may reflect 
change in diabetic regulation with shorter time periods than 
HbA1c. 

We have showed that PDW was significantly higher in T2DM 
patients with diabetic nephropathy or neuropathy than the 
PDW in diabetics without these complications. We could not 
showed such a significant PDW elevation in T2DM subjects 
with diabetic retinopathy compared to those without which we 
think was due to the small number of diabetics with diabetic 
retinopathy (only seven patients had diabetic retinopathy).
 
Although we showed elevated PDW in T2DM, there are some 
contrast studies in literature, too. Beyan et al. suggested that 
PDW was not correlated with platelet aggregation [15]. 
However, many other reports in literature suggest our findings 
[16, 17]. In a recent study by Jabeen et al, authors concluded 
that increased levels of PDW could be helpful in indicating 
poor glycemic control in diabetic population [18]. Moreover, 
subjects with diabetic chronic complications had higher PDW 
values compared to the diabetics without chronic 
complications [19].
 
Elevated PDW in diabetic subjects may indicate other adverse 
events. Hu et al. reported that increased PDW was an 
independent predictor of stent restenosis in diabetic coronary 
artery disease subjects [20].
 
Two important limitations of our work are relatively small 
study population and retrospective design of the study. 
However, we believe that the results of present study, elevated 
PDW in T2DM with diabetic neuropathy or diabetic 
nephropathy, are very important for current literature.

CONCLUSION

In conclusion, elevated PDW should alert physicians for 
possible T2DM in otherwise healthy subjects. It may be useful 
in follow up of diabetic regulation and development of 
diabetic neuropathy and nephropathy in subjects with T2DM.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is one of the most 
important chronic conditions in the world that cause great 
economic burden on healthcare providers [1]. Micro-vascular 
complications of T2DM, diabetic retinopathy, neuropathy and 
nephropathy, are responsible from a serious amount of 
diabetes related morbidity and mortality in this population.

Development and progressions of both diabetic retinopathy, 
neuropathy and nephropathy are associated with diabetic 
regulation. Glycated hemoglobin (HbA1c) is widely and 
universally accepted as a marker of diabetic control in 
subjects with T2DM. Since the lifespan of the erythrocytes is 
about 120 days, HbA1c fails to predict acute deteriorations in 
diabetic control level. 

Authors study novel inflammatory markers that derived from 
routine blood count tests in inflammatory conditions, such as 
T2DM. Mean platelet volume (MPV), an indice of 
thrombocyte activation, has been studied in T2DM and found 
to be elevated in diabetic subjects compared to healthy 
population [2, 3]. Besides MPV, MPV to platelet ratio was 
also linked to the diabetic regulation [4]. Another of these 

hemogram parameters is platelet distribution width (PDW), 
which refers the size variability of circulating platelets [5].  
Since PDW is not affected by swelling of the thrombocytes, it 
was considered as a better predictor of platelet activation than 
MPV [6]. Platelet anisocytosis term is used when the PDW 
elevated to normal range of 9-14% [6]. It is increased during 
platelet activation [7]. PDW has been found to be increased in 
coronary heart disease and related with the extent of the 
arterial disease [8]. 

In present retrospective study, we aimed to compare PDW 
levels of T2DM patients to those with healthy subjects. We 
also aimed to compare PDW levels of diabetic subjects with 
and without chronic diabetic complications. 

METHODS

Type 2 diabetic patients admitted to outpatient clinics 
between January and June 2018 were enrolled to the study. 
Patients with active inflammatory conditions; such as 
rheumatoid arthritis, inflammatory bowel disease, and 
patients with cancer were excluded. Other exclusion criteria 
were age younger than 18 years and pregnancy.  Control 
group was consisted of volunteers whom asked a routine 
check-up on admission to internal medicine outpatient clinics 
of our institution. 

General characteristics and physical examination findings of 
the patients; age, sex, height, body weight, waist 
circumference, systolic and diastolic blood pressures were 
recorded. Body mass index (BMI) was calculated with 
division of body weight by the square of height (kg/m2).

Hemogram parameters; white blood cell count (WBC), 
hemoglobin (Hb), hematocrit (Htc), platelet count (Plt) and 
PDW were obtained from patient files and recorded. 
Similarly, biochemical parameters, such as, HbA1c, fasting 
blood glucose, serum creatinine, triglyceride, total 
cholesterol, LDL cholesterol and HDL cholesterol levels were 
obtained from computerized database and patient files of our 
institution. 

Diabetic microvascular complications for each diabetic 
participant were researched in patients’ files by searching 
renal functions and proteinuria, ophthalmology consultation 
and neurology consultation. 

All data were analyzed by SPSS software (SPSS 15.0 for 
Windows, IBM Co. Chicago, IL, USA). 
Kolmogorov-Smirnov test used to determine distribution of 

the variables in study groups homogenously or not. 
Homogenous variables were conducted with t test and 
expressed as mean ± standard deviation. Non-homogenously 
distributed variables were conducted with Mann Whitney U 
test and expressed as median (min-max). Categorical 
variables were compared in study cohort by chi-square test. 
Correlations between study variables were analyzed with 
Pearson’s correlation test. The p values lower than 0.05 are 
considered as significant. 

RESULTS

Study cohort was consisted of 120 participants, 75 patients 
with T2DM and 45 healthy controls. Median ages of T2DM 
and control groups were 53 (29-66) and 52 (30-59) years, 
respectively (p = 0.12). 39 of 75 in T2DM group and 31 of 45 
in control group were women (p = 0.07).
 
Diastolic blood pressure (p = 0.20), Plt (p = 0.62), serum 
creatinine (p = 0.06), Hb (p = 0.58), Ht (p = 0.23), and height 
(p = 0.10) were not significantly different from controls in 
T2DM group. Table 1 shows the characteristics of the study 
population. 

Both weight (p < 0.001), BMI (p < 0.001), waist 
circumference (p < 0.001), systolic blood pressure (p = 0.02), 
WBC (p < 0.001), fasting plasma glucose (p < 0.001), serum 
total cholesterol (p = 0.003), LDL cholesterol (p = 0.03), and 
triglyceride (p < 0.001) levels were significantly higher in 
diabetic subjects compared to controls. Serum HDL 
cholesterol was significantly decreased in T2DM group 
compared to control group (p < 0.001). 

The PDW of patients with T2DM (18.1 ± 0.9%) was 
significantly increased compared to the PDW of healthy 
control subjects (16.7 ± 0.5%). The difference between study 
groups was statistically significant (p < 0.001).
  
In Pearson’s correlation test, PDW was positively and 
significantly correlated with HbA1c (r = 0.63, p < 0.001) and 

fasting plasma glucose (r = 0.48, p < 0.001) levels (Fig. 1). 

Fig. (1). Correlations between PDW and Fasting Plasma 
Glucose and PDW and HbA1c.

In subgroup analyze of patients with T2DM revealed that 
PDW and HbA1c levels of the patients with diabetic 
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Table 1. Prevalence of Physical and Non-Physical Violence among Nurses.

pControl Group

Gender Men (n)
Women (n)

Age (years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Body weight (kg)
Body mass index (kg/m2)
Waist circumference (cm)

82 ± 12
30,9 ± 5,5
105 ± 12

70 ± 9
25,6 ± 4,2

88 ± 12

<0.001
<0.001
<0.001

53 (29-66)
120 (90-180)
70 (50-110)

52 (30-59)
120 (90-130)

70 (50-80)

0.12
0.02
0.20

0.0714
31

T2DM group

Median (Min-Max)

Mean ± SD

36
39

nephropathy were significantly elevated compared to the 
diabetic subjects without diabetic nephropathy (p < 0.001 for 
both HbA1c and PDW). Similarly, PDW and HbA1c levels of 
the patients with diabetic neuropathy were significantly 
elevated compared to the diabetic subjects without diabetic 
neuropathy (p < 0.001 for PDW and p = 0.01 for HbA1c). 
However, PDW and HbA1c levels of the diabetic subjects 
with and without diabetic retinopathy were not statistically 
different (p = 0.38 for PDW, p = 0.24 for HbA1c).

DISCUSSION

We showed that PDW was significantly higher in type 2 
diabetic patients compare to healthy population. Another 
striking result of present study is that, similar to the HbA1c, 
PDW was increased in T2DM subjects with diabetic 
neuropathy and diabetic nephropathy compared to diabetics 
without these chronic complications.
 
Elevated PDW values have been reported to be related with 
increased mortality in patients with acute myocardial 
infarction that treated with primary percutaneous coronary 
intervention and authors suggested PDW over 16% as 
independent prognostic factor for this population [6].
 
There are several reports about elevation in PDW in immune 
thrombocytopenia, an autoimmune condition [9].

Studies on cardiac conditions have revealed that PDW was 
higher in patients with ST segment elevation myocardial 
infarction compared to the subjects with stable coronary 
artery disease [10]. Moreover, increased PDW was suggested 
as an independent predictor of thrombolysis failure in patients 
with ST segment elevation myocardial infarction [10].

Authors from India reported that PDW was significantly 
increased in subjects with coronary disease compared to the 
subjects with normal angiographic findings [11]. On the other 
hand, greater PDW values were detected in patients with 
stable coronary heart disease that have total coronary 
occlusion compared to the subjects without total occlusion of 
coronary artery [12]. Another study concluded that Ihara et al. 
reported that PDW was significantly elevated in coronary 
disease with positive angiography results compared to those 
with negative angiographic findings [13]. 

Besides coronary disease, elevated PDW has been studied in 
diabetes mellitus, too. It has been reported in 2011 that, PDW 
was elevated in patients with diabetes mellitus compared to 
control group [14]. Moreover, they found that PDW was 
greater in diabetics with microvascular complications than the 
diabetics without any microvascular complications [14]. 
However, they did not compared PDW in diabetics with 
diabetic complications to those without separately as diabetic 
retinopathy, neuropathy and nephropathy. Our study differ 
from theirs being compared each microvascular 
complications in subjects with and without them. In addition 

they did not analyzed the correlation between HbA1c and 
PDW, which have been strongly correlated to each other in 
our present study. HbA1c reflects diabetic regulation in 3 
months period since the lifespan of erythrocytes is about 120 
days. Since the life of platelets is 7-10 days, PDW may reflect 
change in diabetic regulation with shorter time periods than 
HbA1c. 

We have showed that PDW was significantly higher in T2DM 
patients with diabetic nephropathy or neuropathy than the 
PDW in diabetics without these complications. We could not 
showed such a significant PDW elevation in T2DM subjects 
with diabetic retinopathy compared to those without which we 
think was due to the small number of diabetics with diabetic 
retinopathy (only seven patients had diabetic retinopathy).
 
Although we showed elevated PDW in T2DM, there are some 
contrast studies in literature, too. Beyan et al. suggested that 
PDW was not correlated with platelet aggregation [15]. 
However, many other reports in literature suggest our findings 
[16, 17]. In a recent study by Jabeen et al, authors concluded 
that increased levels of PDW could be helpful in indicating 
poor glycemic control in diabetic population [18]. Moreover, 
subjects with diabetic chronic complications had higher PDW 
values compared to the diabetics without chronic 
complications [19].
 
Elevated PDW in diabetic subjects may indicate other adverse 
events. Hu et al. reported that increased PDW was an 
independent predictor of stent restenosis in diabetic coronary 
artery disease subjects [20].
 
Two important limitations of our work are relatively small 
study population and retrospective design of the study. 
However, we believe that the results of present study, elevated 
PDW in T2DM with diabetic neuropathy or diabetic 
nephropathy, are very important for current literature.

CONCLUSION

In conclusion, elevated PDW should alert physicians for 
possible T2DM in otherwise healthy subjects. It may be useful 
in follow up of diabetic regulation and development of 
diabetic neuropathy and nephropathy in subjects with T2DM.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is one of the most 
important chronic conditions in the world that cause great 
economic burden on healthcare providers [1]. Micro-vascular 
complications of T2DM, diabetic retinopathy, neuropathy and 
nephropathy, are responsible from a serious amount of 
diabetes related morbidity and mortality in this population.

Development and progressions of both diabetic retinopathy, 
neuropathy and nephropathy are associated with diabetic 
regulation. Glycated hemoglobin (HbA1c) is widely and 
universally accepted as a marker of diabetic control in 
subjects with T2DM. Since the lifespan of the erythrocytes is 
about 120 days, HbA1c fails to predict acute deteriorations in 
diabetic control level. 

Authors study novel inflammatory markers that derived from 
routine blood count tests in inflammatory conditions, such as 
T2DM. Mean platelet volume (MPV), an indice of 
thrombocyte activation, has been studied in T2DM and found 
to be elevated in diabetic subjects compared to healthy 
population [2, 3]. Besides MPV, MPV to platelet ratio was 
also linked to the diabetic regulation [4]. Another of these 

hemogram parameters is platelet distribution width (PDW), 
which refers the size variability of circulating platelets [5].  
Since PDW is not affected by swelling of the thrombocytes, it 
was considered as a better predictor of platelet activation than 
MPV [6]. Platelet anisocytosis term is used when the PDW 
elevated to normal range of 9-14% [6]. It is increased during 
platelet activation [7]. PDW has been found to be increased in 
coronary heart disease and related with the extent of the 
arterial disease [8]. 

In present retrospective study, we aimed to compare PDW 
levels of T2DM patients to those with healthy subjects. We 
also aimed to compare PDW levels of diabetic subjects with 
and without chronic diabetic complications. 

METHODS

Type 2 diabetic patients admitted to outpatient clinics 
between January and June 2018 were enrolled to the study. 
Patients with active inflammatory conditions; such as 
rheumatoid arthritis, inflammatory bowel disease, and 
patients with cancer were excluded. Other exclusion criteria 
were age younger than 18 years and pregnancy.  Control 
group was consisted of volunteers whom asked a routine 
check-up on admission to internal medicine outpatient clinics 
of our institution. 

General characteristics and physical examination findings of 
the patients; age, sex, height, body weight, waist 
circumference, systolic and diastolic blood pressures were 
recorded. Body mass index (BMI) was calculated with 
division of body weight by the square of height (kg/m2).

Hemogram parameters; white blood cell count (WBC), 
hemoglobin (Hb), hematocrit (Htc), platelet count (Plt) and 
PDW were obtained from patient files and recorded. 
Similarly, biochemical parameters, such as, HbA1c, fasting 
blood glucose, serum creatinine, triglyceride, total 
cholesterol, LDL cholesterol and HDL cholesterol levels were 
obtained from computerized database and patient files of our 
institution. 

Diabetic microvascular complications for each diabetic 
participant were researched in patients’ files by searching 
renal functions and proteinuria, ophthalmology consultation 
and neurology consultation. 

All data were analyzed by SPSS software (SPSS 15.0 for 
Windows, IBM Co. Chicago, IL, USA). 
Kolmogorov-Smirnov test used to determine distribution of 

the variables in study groups homogenously or not. 
Homogenous variables were conducted with t test and 
expressed as mean ± standard deviation. Non-homogenously 
distributed variables were conducted with Mann Whitney U 
test and expressed as median (min-max). Categorical 
variables were compared in study cohort by chi-square test. 
Correlations between study variables were analyzed with 
Pearson’s correlation test. The p values lower than 0.05 are 
considered as significant. 

RESULTS

Study cohort was consisted of 120 participants, 75 patients 
with T2DM and 45 healthy controls. Median ages of T2DM 
and control groups were 53 (29-66) and 52 (30-59) years, 
respectively (p = 0.12). 39 of 75 in T2DM group and 31 of 45 
in control group were women (p = 0.07).
 
Diastolic blood pressure (p = 0.20), Plt (p = 0.62), serum 
creatinine (p = 0.06), Hb (p = 0.58), Ht (p = 0.23), and height 
(p = 0.10) were not significantly different from controls in 
T2DM group. Table 1 shows the characteristics of the study 
population. 

Both weight (p < 0.001), BMI (p < 0.001), waist 
circumference (p < 0.001), systolic blood pressure (p = 0.02), 
WBC (p < 0.001), fasting plasma glucose (p < 0.001), serum 
total cholesterol (p = 0.003), LDL cholesterol (p = 0.03), and 
triglyceride (p < 0.001) levels were significantly higher in 
diabetic subjects compared to controls. Serum HDL 
cholesterol was significantly decreased in T2DM group 
compared to control group (p < 0.001). 

The PDW of patients with T2DM (18.1 ± 0.9%) was 
significantly increased compared to the PDW of healthy 
control subjects (16.7 ± 0.5%). The difference between study 
groups was statistically significant (p < 0.001).
  
In Pearson’s correlation test, PDW was positively and 
significantly correlated with HbA1c (r = 0.63, p < 0.001) and 

fasting plasma glucose (r = 0.48, p < 0.001) levels (Fig. 1). 

Fig. (1). Correlations between PDW and Fasting Plasma 
Glucose and PDW and HbA1c.

In subgroup analyze of patients with T2DM revealed that 
PDW and HbA1c levels of the patients with diabetic 
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nephropathy were significantly elevated compared to the 
diabetic subjects without diabetic nephropathy (p < 0.001 for 
both HbA1c and PDW). Similarly, PDW and HbA1c levels of 
the patients with diabetic neuropathy were significantly 
elevated compared to the diabetic subjects without diabetic 
neuropathy (p < 0.001 for PDW and p = 0.01 for HbA1c). 
However, PDW and HbA1c levels of the diabetic subjects 
with and without diabetic retinopathy were not statistically 
different (p = 0.38 for PDW, p = 0.24 for HbA1c).

DISCUSSION

We showed that PDW was significantly higher in type 2 
diabetic patients compare to healthy population. Another 
striking result of present study is that, similar to the HbA1c, 
PDW was increased in T2DM subjects with diabetic 
neuropathy and diabetic nephropathy compared to diabetics 
without these chronic complications.
 
Elevated PDW values have been reported to be related with 
increased mortality in patients with acute myocardial 
infarction that treated with primary percutaneous coronary 
intervention and authors suggested PDW over 16% as 
independent prognostic factor for this population [6].
 
There are several reports about elevation in PDW in immune 
thrombocytopenia, an autoimmune condition [9].

Studies on cardiac conditions have revealed that PDW was 
higher in patients with ST segment elevation myocardial 
infarction compared to the subjects with stable coronary 
artery disease [10]. Moreover, increased PDW was suggested 
as an independent predictor of thrombolysis failure in patients 
with ST segment elevation myocardial infarction [10].

Authors from India reported that PDW was significantly 
increased in subjects with coronary disease compared to the 
subjects with normal angiographic findings [11]. On the other 
hand, greater PDW values were detected in patients with 
stable coronary heart disease that have total coronary 
occlusion compared to the subjects without total occlusion of 
coronary artery [12]. Another study concluded that Ihara et al. 
reported that PDW was significantly elevated in coronary 
disease with positive angiography results compared to those 
with negative angiographic findings [13]. 

Besides coronary disease, elevated PDW has been studied in 
diabetes mellitus, too. It has been reported in 2011 that, PDW 
was elevated in patients with diabetes mellitus compared to 
control group [14]. Moreover, they found that PDW was 
greater in diabetics with microvascular complications than the 
diabetics without any microvascular complications [14]. 
However, they did not compared PDW in diabetics with 
diabetic complications to those without separately as diabetic 
retinopathy, neuropathy and nephropathy. Our study differ 
from theirs being compared each microvascular 
complications in subjects with and without them. In addition 

they did not analyzed the correlation between HbA1c and 
PDW, which have been strongly correlated to each other in 
our present study. HbA1c reflects diabetic regulation in 3 
months period since the lifespan of erythrocytes is about 120 
days. Since the life of platelets is 7-10 days, PDW may reflect 
change in diabetic regulation with shorter time periods than 
HbA1c. 

We have showed that PDW was significantly higher in T2DM 
patients with diabetic nephropathy or neuropathy than the 
PDW in diabetics without these complications. We could not 
showed such a significant PDW elevation in T2DM subjects 
with diabetic retinopathy compared to those without which we 
think was due to the small number of diabetics with diabetic 
retinopathy (only seven patients had diabetic retinopathy).
 
Although we showed elevated PDW in T2DM, there are some 
contrast studies in literature, too. Beyan et al. suggested that 
PDW was not correlated with platelet aggregation [15]. 
However, many other reports in literature suggest our findings 
[16, 17]. In a recent study by Jabeen et al, authors concluded 
that increased levels of PDW could be helpful in indicating 
poor glycemic control in diabetic population [18]. Moreover, 
subjects with diabetic chronic complications had higher PDW 
values compared to the diabetics without chronic 
complications [19].
 
Elevated PDW in diabetic subjects may indicate other adverse 
events. Hu et al. reported that increased PDW was an 
independent predictor of stent restenosis in diabetic coronary 
artery disease subjects [20].
 
Two important limitations of our work are relatively small 
study population and retrospective design of the study. 
However, we believe that the results of present study, elevated 
PDW in T2DM with diabetic neuropathy or diabetic 
nephropathy, are very important for current literature.

CONCLUSION

In conclusion, elevated PDW should alert physicians for 
possible T2DM in otherwise healthy subjects. It may be useful 
in follow up of diabetic regulation and development of 
diabetic neuropathy and nephropathy in subjects with T2DM.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is one of the most 
important chronic conditions in the world that cause great 
economic burden on healthcare providers [1]. Micro-vascular 
complications of T2DM, diabetic retinopathy, neuropathy and 
nephropathy, are responsible from a serious amount of 
diabetes related morbidity and mortality in this population.

Development and progressions of both diabetic retinopathy, 
neuropathy and nephropathy are associated with diabetic 
regulation. Glycated hemoglobin (HbA1c) is widely and 
universally accepted as a marker of diabetic control in 
subjects with T2DM. Since the lifespan of the erythrocytes is 
about 120 days, HbA1c fails to predict acute deteriorations in 
diabetic control level. 

Authors study novel inflammatory markers that derived from 
routine blood count tests in inflammatory conditions, such as 
T2DM. Mean platelet volume (MPV), an indice of 
thrombocyte activation, has been studied in T2DM and found 
to be elevated in diabetic subjects compared to healthy 
population [2, 3]. Besides MPV, MPV to platelet ratio was 
also linked to the diabetic regulation [4]. Another of these 

hemogram parameters is platelet distribution width (PDW), 
which refers the size variability of circulating platelets [5].  
Since PDW is not affected by swelling of the thrombocytes, it 
was considered as a better predictor of platelet activation than 
MPV [6]. Platelet anisocytosis term is used when the PDW 
elevated to normal range of 9-14% [6]. It is increased during 
platelet activation [7]. PDW has been found to be increased in 
coronary heart disease and related with the extent of the 
arterial disease [8]. 

In present retrospective study, we aimed to compare PDW 
levels of T2DM patients to those with healthy subjects. We 
also aimed to compare PDW levels of diabetic subjects with 
and without chronic diabetic complications. 

METHODS

Type 2 diabetic patients admitted to outpatient clinics 
between January and June 2018 were enrolled to the study. 
Patients with active inflammatory conditions; such as 
rheumatoid arthritis, inflammatory bowel disease, and 
patients with cancer were excluded. Other exclusion criteria 
were age younger than 18 years and pregnancy.  Control 
group was consisted of volunteers whom asked a routine 
check-up on admission to internal medicine outpatient clinics 
of our institution. 

General characteristics and physical examination findings of 
the patients; age, sex, height, body weight, waist 
circumference, systolic and diastolic blood pressures were 
recorded. Body mass index (BMI) was calculated with 
division of body weight by the square of height (kg/m2).

Hemogram parameters; white blood cell count (WBC), 
hemoglobin (Hb), hematocrit (Htc), platelet count (Plt) and 
PDW were obtained from patient files and recorded. 
Similarly, biochemical parameters, such as, HbA1c, fasting 
blood glucose, serum creatinine, triglyceride, total 
cholesterol, LDL cholesterol and HDL cholesterol levels were 
obtained from computerized database and patient files of our 
institution. 

Diabetic microvascular complications for each diabetic 
participant were researched in patients’ files by searching 
renal functions and proteinuria, ophthalmology consultation 
and neurology consultation. 

All data were analyzed by SPSS software (SPSS 15.0 for 
Windows, IBM Co. Chicago, IL, USA). 
Kolmogorov-Smirnov test used to determine distribution of 

the variables in study groups homogenously or not. 
Homogenous variables were conducted with t test and 
expressed as mean ± standard deviation. Non-homogenously 
distributed variables were conducted with Mann Whitney U 
test and expressed as median (min-max). Categorical 
variables were compared in study cohort by chi-square test. 
Correlations between study variables were analyzed with 
Pearson’s correlation test. The p values lower than 0.05 are 
considered as significant. 

RESULTS

Study cohort was consisted of 120 participants, 75 patients 
with T2DM and 45 healthy controls. Median ages of T2DM 
and control groups were 53 (29-66) and 52 (30-59) years, 
respectively (p = 0.12). 39 of 75 in T2DM group and 31 of 45 
in control group were women (p = 0.07).
 
Diastolic blood pressure (p = 0.20), Plt (p = 0.62), serum 
creatinine (p = 0.06), Hb (p = 0.58), Ht (p = 0.23), and height 
(p = 0.10) were not significantly different from controls in 
T2DM group. Table 1 shows the characteristics of the study 
population. 

Both weight (p < 0.001), BMI (p < 0.001), waist 
circumference (p < 0.001), systolic blood pressure (p = 0.02), 
WBC (p < 0.001), fasting plasma glucose (p < 0.001), serum 
total cholesterol (p = 0.003), LDL cholesterol (p = 0.03), and 
triglyceride (p < 0.001) levels were significantly higher in 
diabetic subjects compared to controls. Serum HDL 
cholesterol was significantly decreased in T2DM group 
compared to control group (p < 0.001). 

The PDW of patients with T2DM (18.1 ± 0.9%) was 
significantly increased compared to the PDW of healthy 
control subjects (16.7 ± 0.5%). The difference between study 
groups was statistically significant (p < 0.001).
  
In Pearson’s correlation test, PDW was positively and 
significantly correlated with HbA1c (r = 0.63, p < 0.001) and 

fasting plasma glucose (r = 0.48, p < 0.001) levels (Fig. 1). 

Fig. (1). Correlations between PDW and Fasting Plasma 
Glucose and PDW and HbA1c.

In subgroup analyze of patients with T2DM revealed that 
PDW and HbA1c levels of the patients with diabetic 
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nephropathy were significantly elevated compared to the 
diabetic subjects without diabetic nephropathy (p < 0.001 for 
both HbA1c and PDW). Similarly, PDW and HbA1c levels of 
the patients with diabetic neuropathy were significantly 
elevated compared to the diabetic subjects without diabetic 
neuropathy (p < 0.001 for PDW and p = 0.01 for HbA1c). 
However, PDW and HbA1c levels of the diabetic subjects 
with and without diabetic retinopathy were not statistically 
different (p = 0.38 for PDW, p = 0.24 for HbA1c).

DISCUSSION

We showed that PDW was significantly higher in type 2 
diabetic patients compare to healthy population. Another 
striking result of present study is that, similar to the HbA1c, 
PDW was increased in T2DM subjects with diabetic 
neuropathy and diabetic nephropathy compared to diabetics 
without these chronic complications.
 
Elevated PDW values have been reported to be related with 
increased mortality in patients with acute myocardial 
infarction that treated with primary percutaneous coronary 
intervention and authors suggested PDW over 16% as 
independent prognostic factor for this population [6].
 
There are several reports about elevation in PDW in immune 
thrombocytopenia, an autoimmune condition [9].

Studies on cardiac conditions have revealed that PDW was 
higher in patients with ST segment elevation myocardial 
infarction compared to the subjects with stable coronary 
artery disease [10]. Moreover, increased PDW was suggested 
as an independent predictor of thrombolysis failure in patients 
with ST segment elevation myocardial infarction [10].

Authors from India reported that PDW was significantly 
increased in subjects with coronary disease compared to the 
subjects with normal angiographic findings [11]. On the other 
hand, greater PDW values were detected in patients with 
stable coronary heart disease that have total coronary 
occlusion compared to the subjects without total occlusion of 
coronary artery [12]. Another study concluded that Ihara et al. 
reported that PDW was significantly elevated in coronary 
disease with positive angiography results compared to those 
with negative angiographic findings [13]. 

Besides coronary disease, elevated PDW has been studied in 
diabetes mellitus, too. It has been reported in 2011 that, PDW 
was elevated in patients with diabetes mellitus compared to 
control group [14]. Moreover, they found that PDW was 
greater in diabetics with microvascular complications than the 
diabetics without any microvascular complications [14]. 
However, they did not compared PDW in diabetics with 
diabetic complications to those without separately as diabetic 
retinopathy, neuropathy and nephropathy. Our study differ 
from theirs being compared each microvascular 
complications in subjects with and without them. In addition 

they did not analyzed the correlation between HbA1c and 
PDW, which have been strongly correlated to each other in 
our present study. HbA1c reflects diabetic regulation in 3 
months period since the lifespan of erythrocytes is about 120 
days. Since the life of platelets is 7-10 days, PDW may reflect 
change in diabetic regulation with shorter time periods than 
HbA1c. 

We have showed that PDW was significantly higher in T2DM 
patients with diabetic nephropathy or neuropathy than the 
PDW in diabetics without these complications. We could not 
showed such a significant PDW elevation in T2DM subjects 
with diabetic retinopathy compared to those without which we 
think was due to the small number of diabetics with diabetic 
retinopathy (only seven patients had diabetic retinopathy).
 
Although we showed elevated PDW in T2DM, there are some 
contrast studies in literature, too. Beyan et al. suggested that 
PDW was not correlated with platelet aggregation [15]. 
However, many other reports in literature suggest our findings 
[16, 17]. In a recent study by Jabeen et al, authors concluded 
that increased levels of PDW could be helpful in indicating 
poor glycemic control in diabetic population [18]. Moreover, 
subjects with diabetic chronic complications had higher PDW 
values compared to the diabetics without chronic 
complications [19].
 
Elevated PDW in diabetic subjects may indicate other adverse 
events. Hu et al. reported that increased PDW was an 
independent predictor of stent restenosis in diabetic coronary 
artery disease subjects [20].
 
Two important limitations of our work are relatively small 
study population and retrospective design of the study. 
However, we believe that the results of present study, elevated 
PDW in T2DM with diabetic neuropathy or diabetic 
nephropathy, are very important for current literature.

CONCLUSION

In conclusion, elevated PDW should alert physicians for 
possible T2DM in otherwise healthy subjects. It may be useful 
in follow up of diabetic regulation and development of 
diabetic neuropathy and nephropathy in subjects with T2DM.
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