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Abstract: Purpose — Platelet volume indices are associated with poor cardiovascular outcomes. The Duke Treadmill Score (DTS) is a
composite index that is based on the results from the exercise test. The purpose of this study was to investigate the relationship between
the DTS and platelet volume indices in patients with suspected coronary artery disease (CAD).
Methods — A total of 1205 participants were enrolled in the study. Complete blood counts were obtained. All participants underwent an
exercise test. The DTS were calculated after exercise. Demographic, clinical and echocardiographic characteristics of the patients were
recorded.
Results — Platelet distribution width (PDW) and especially mean platelet volume (MPV) values increase with higher DTS risk group
irrespective of CAD and risk groups which is also found to be statistically significant (P<0.001). The power of the relation was powerful
(r=0.911). A powerful positive relation was found between risk level and PDW (P<0.001, r=0.319). Paralleled with DTS, MPV and PDW
values of the patients with CAD, hypertension, diabetes mellitus, smoking and hyperlipidemia were higher compared to those without,
while MPV and PDW values were lower for the patients taking beta-blockers, angiotensin-converting-enzyme inhibitors or angiotensin
receptor blockers, diuretics, aspirin and statins. When MPV (f1) and PDW (%) values were compared between groups, there was a high
statistical significance between most groups.
Conclusion — We found an independent association between MPV, PDW and DTS.
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Introduction
Predicting coronary artery disease (CAD) in growing number of
patients at risk for the disease using economical non-invasive
techniques is crucial and can provide significant clinical and
economic benefits.
Exercise stress testing is a commonly used and inexpensive
method for an initial evaluation of patients with suspected CAD.
The Duke Treadmill Score (DTS) is a composite index that is based
on the results from the exercise test, including ST-segment
depression on electrocardiogram (ECG), chest pain and exercise
duration, and provides more accurate diagnostic and prognostic
information for the evaluation of patients with clinically-suspected
ischemic heart disease. The DTS has showed a great value in
prioritizing patients for coronary angiography in a typical
transitional clinical setting [1].
A large population study reported that DTS combined with
exercise stress testing seeks to assess in a simple manner and to
express numerically: the patients risk of a coronary event [2].

Automated cell counters have made the platelet count (PC)
and the platelet volume indices (PVI) – mean platelet volume
(MPV), platelet distribution width (PDW) routinely available in
laboratories.
PDW directly measures the variability in platelet size. It has
been postulated that large platelets may be an indicator of platelet
activation, and thus be related to the extent of CAD. Increased
MPV indicates large-sized hyperaggregable platelets, which are
metabolically and enzymatically more active than normal-sized
platelets, and accepted as an independent cardiovascular risk
factor [3]. It is well-established that elevated MPV is associated
with acute micardial infarction (MI), mortality following MI, and
restenosis following coronary angioplasty [4, 5].
In reviewing the literature, no data was found on the possible
association between platelet volume indices and DTS. In this study,
we compared MPV and PDW directly to DTS, and aimed to
determine the clinicopathological correlation between these two
parameters.
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Table 1. Demographic clinical and echocardiographic characteristics of the study population
Parameters
Total (n=1205)
Group 1 (n=373)
Group 2 (n=460)
Group 3 (n=372)
P-value
Age, years, mean±SD
57±7.2
56±5.9
57±8.9
57±8.3
>0.005
Gender
Male, %
47±4.1
46±5.3
46±7.1
47±4.2
>0.005
Female, %
58±7.5
59±5.7
58±4.4
57±2.2
>0.005
CAD, no. (%)
961 (79.75)
351 (29.13)
340 (28.22)
270 (22.41)
>0.005
Hypertension, no. (%)
827 (68.63)
245 (20.33)
332 (27.55)
250 (20.75)
>0.005
Diabetes mellitus, no. (%)
386 (32.03)
128 (10.62)
131 (10.87)
127 (10.54)
>0.005
Hyperlipidemia, no. (%)
495 (41.08)
111 (9.21)
202 (16.76)
182 (15.10)
>0.005
Smoking, no. (%)
520 (43.15)
212 (17.59)
198 (16.43)
110 (9.13)
>0.005
Aspirin, no. (%)
1001 (83.07)
334 (27.71)
401 (33.28)
266 (22.07)
>0.005
Klopidogrel, no. (%)
701 (58.17)
201 (16.68)
298 (24.73)
202 (16.76)
>0.005
Beta bloker, no. (%)
1110 (92.12)
341 (28.30)
367 (30.46)
402 (33.36)
>0.005
ACEi or ARB, no. (%)
850 (70.54)
247 (20.50)
337 (27.97)
266 (22.07)
>0.005
CCB, no. (%)
121 (10.04)
39 (3.24)
44 (3.65)
38 (3.15)
>0.005
Diuretic, no. (%)
421 (34.94)
110 (9.13)
167 (13.86)
44 (3.65)
>0.005
Statin, no. (%)
494 (41.00)
111 (9.21)
201 (16.68)
182 (15.10)
>0.005
LVEF, %
49±7.1
51±2.4
50±7.9
48±8.2
>0.005
SD, standart deviation; CAD, coronary artery disease; ACEi, angiotensin coverting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium
channel blocker; LVEF, left ventricle ejection fraction. P-value between Group 1 and 2 and difference lies between Group 3 and 1/2.
Table 2. The laboratory findings of the study population
P-value
Overall
Group 1-3
Group 2-3
Group 1-2
Haemoglobin, g/dl
12.0 (11.1-16.7)
12.0 (11.3-16.1)
12.0 (11.7-16.4)
3
WBC, x10 /µ1
7.32 (3.97-11.4)
7.37 (3.90-11.3)
7.33 (4.31-11.1)
3
Platelet, x10 /µ1
233 (119-432)
219 (144-480)
238 (167-431)
MPV, f1
8.31± 0.41
8.72±0.45
8.91±0.48
<0.001
<0.001
<0.001
<0.001
PCT, %
0.173 (0.077–0.276)
0.204 (0.105–0.301)
0.172 (0.099–0.204)
<0.001
<0.433
<0.001
<0.001
PDW, %
12.47±0.73
14.70±1.03
15.33±0.99
<0.001
<0.001
<0.563
<0.001
WBC, white blood cell; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width. Data presented as mean ± standard error.
Parameters

Group 1

Group 2

PDW, platelet distribution width; MPV, mean platelet volume.
Figure 1. Figure shows the relationship between mean platelet volume,
platelet distribution width, and Duke Treadmill Score according to risk
scale.

Material and Methods
Patient population and study protocol
A total of 1205 patients followed up by the Cardiology
Department of Gümüşhane State Hospital between March 2012
and 2013 were included in the study, all of whom have undergone
effort test. The local research ethics committee approved the
study.
While 709 (58.84%) patients were female and 496 (41.16%)
were male, the mean age was 57±7.2 years. The present

Group 3

diagnoses, risk factors, treatments, clinical values and findings of
the patients as well as distribution of these parameters among
groups are given in detail in Table 1.
DTS were measured for patients undergoing effort test. DTS
formula is as follows: (duration of exercise (minutes) – 15 x ST
deviation) – (4 x angina index (angina index: 0: no angina; 1:
limiting angina; 2: angina interrupting the test)). Reference values:
-11 is considered as high risk, -10 and +4 intermediate risk, +5 and
higher as low risk.
The patients were investigated in three goups (signed as 1, 2,
and 3): DTS was >+5 in Group 1 in which 373 (30.95%) patients were
included and categorized as low risk group. DTS was -10 and +4 in
Group 2 where 460 (38.17%) patients were included and categorized
as moderate risk group. DTS was <-11 in Group 3 where 372
(30.87%) patients were included and categorized as high risk group.
Complete blood count, aspartate aminotransferases (AST),
alanine aminotransferases (ALT), lipid values and fasting blood
glucose values were investigated in the control examinations of all
patients. Tests: 12-derivation standard electrocardiograms were all
reflecting sinus rhythm. Transthoracic echocardiography (ECHO)
and ejection fraction (EF) were measured using Simpson’s method
(EF = left ventricular end-diastolic caliber – left ventricular endsystolic caliber / left ventricular end-diastolic caliber x 100%).
Transthoracic echocardiography (ECHO) was performed using
Philips HD11XE (Philips Medical Systems, Bothell, WA, USA) device
and Effort test was performed using Tepa Tm-Pro-2000 (TM-PRO
2000, Tepa, Turkey) device.
The diagnosis of CAD was established based on coronary
angiography findings and effort test was made in order to measure
effort capacity and effort angina in these patients.
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Table 3. Laboratuary parameters according to demographical, clinical, and medical features
Parameters
Gender
CAD
Hypertension
Diabetes mellitus
Smoking
Hyperlipidemia
Beta bloker
ACEi or ARB
Diuretic
Aspirin
Statin

Category

MPV

PLT

Male
Female
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

8.61 (0.50)
8.56 (0.47)
8.75 (0.52)
8.57 (0.48)
8.60 (0.49)
8.58 (0.47)
8.69 (0.49)
8.59 (0.47)
8.62 (0.50)
8.56 (0.47)
8.69 (0.49)
8.59 (0.48)
8.59 (0.50)
8.79 (0.48)

P=0.080

Yes
No
Yes
No
Yes
No
Yes
No

8.58 (0.49)
8.60 (0.48)
8.61 (0.51)
8.55 (0.43)
8.59 (0.49)
8.65 (0.30)
8.59 (0.47)
8.60 (0.51)

P=0.310

P=0.001
P=0.794
P=0.926
P=0.023
P=0.696
P=0.739

P=0.025
p=0.484
P=0.919

PDW

252.86 (66.89)
281.97 (73.97)
268.31 (72.41)
229.02 (45.54)
266.77 (71.31)
263.97 (71.35)
265.67 (71.15)
263.12 (71.74)
262.68 (70.06)
267.71 (72.90)
263.57 (70.48)
266.68 (72.54)
258.46 (74.60)
267.15 (70.0)

P<0.001

262.92 (71.23)
268.13 (71.43)
265.71 (71.99)
262.81 (69.75)
252.13 (77.29)
265.19 (71.16)
262.02 (70.60)
266.72 (71.77)

P=0.204

P<0.001
P=0.673
P=0.432
P=0.364
P=0.486
P=0.049

P=0.476
P=0.194
P=0.307

15.60 (2.5)
14.43 (2.38)
14.97 (2.52)
16.59 (2.02)
266.77 (71.31)
263.97 (71.35)
15.162 (2.57)
15.02 (2.42)
15.22 (2.50)
14.98 (2.53)
15.19 (2.57)
15.01 (2.45)
15.25 (2.56)
15.07 (2.50)

P<0.001

15.28 (2.56)
14.84 (2.43)
15.10 (2.50)
15.16 (2.57)
15.33 (2.60)
15.11 (2.52)
15.04 (2.50)
15.16 (2.54)

P=0.007

P<0.001
P=0.870
P=0.468
P=0.039
P=0.326
P=0.252

P=0.959
P=0.734
P=0.467

PDW, platelet distribution width; MPV, mean platelet volume; PLT, platelet. Data presented as mean ± standard error.

Blood samples were drawn from the antecubital vein with a
20-Gauge needle, and whole blood counts counts were measured
in blood samples, which were collected to dipotassium EDTA tubes
before treatment. The following hematological parameters were
recorded in all blood samples: platelet count (PLT), and MPV.
Complete blood counts including MPV were determined using an
autoanalyzer (Beckman Coulter LH 750). Whole blood cell counting
was routinely performed by the following parameters:
haemoglobin (g/dl), PLT (109/L), white blood cell count (WBC)
(x103/µ1), platelet distribution width (PDW) (%), plateletcrit (PCT)
(%) and mean platelet volume (MPV) (fl). We recorded the age,
gender, systolic blood pressure (SBP), diastolic blood pressure
(DBP), medical agents, and left ventricular EFs of our patients.
Statistical analysis
SPSS 18.0 package software was used for statistical
evaluations. Parameters assessed in our study were presented as
frequency, percentage, mean and standard deviation. MannWhitney U test was used in the analysis of differences between
independent measurements of two groups according to the results
of normality test. The differences between the measurements of
DTS groups were analysed first by using Kruskal-Wallis test and
then by Bonferroni corrected Mann-Whitney U test (α=0.017).
Spearman correlation test was performed for relations between
measurements while controlling the normality of data
distributions. P values were compared with 0.05 where >0.05 was
considered as insignificant, <0.05 as significant and <0.01 as very
significant.
Results
As shown in Table 1, the differences between all the
parameters of distribution among groups were equal and also
statistically insignificant.

Table 2 examines the differences in MPV and PDW for the
three risk groups. A difference is seen in PDW values between mild
and moderate group and between mild and high group while there
was no difference between the PDW values of moderate and high
risk groups. Considering MPV values, an increase was observed
paralleled by an increase in DTS which also was statistically
significant. MPV and PDW values increased with higher DTS risk
group irrespective of CAD and risk groups which was also found to
be statistically significant. Based on the correlation analysis, MPV
increases by increasing DTS risk level as seen in Figure 1 (P<0.001).
The power of the relation was powerful (r=0.911). A powerful
positive relation was found between risk level and PDW (P<0.001,
r=0.319).
The differences between groups were analyzed using
parameters including gender, CAD, hypertension, diabetes
mellitus, smoking, hyperlipidemia and beta blocker, angiotensinconverting-enzyme inhibitor (ACEi) or angiotensin receptor blocker
(ARB), diuretic, aspirin, statin use are seen in Table 3. Despite not
being statistically significant (P=0.080), MPV value was higher in
males compared to females according to these analyses. PDW
values were found to be higher in males compared to females
which was statistically very significant (P<0.001). MPV and PDW
values were low as opposed to PLT values in those with CAD and
this was also statistically very significant (P<0.001). MPV values
were higher in patients with CAD compared to those without
which was also statistically very significant (P<0.001). MPV values
were higher in patients with hypertension, diabetes mellitus,
smoking and hyperlipidemia compared to those without though
this was not found to be statistically significant (P=0.005). The
same condition was considered for those taking ACEi or ARBs,
diuretics, aspirin and statin compared to those not taking these
drugs. MPV value increased as DTS risk increased irrespective of
the clinical diagnosis and the treatment (gender, CAD,
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hypertension, diabetes mellitus, smoking, hyperlipidemia, beta
blockers, ACEi or ARBs, diuretics, aspirin, statin).
Discussion
In this study, PDW and notably MPV values increase with
higher DTS risk group irrespective of CAD and risk groups which is
also found to be statistically significant.
Despite not being statistically significant (P=0.005), mean MPV
value was found to be higher in patients with diabetes mellitus,
hypertension and hypercholesterolemia compared to those
without such risk factors irrespective of CAD and DTS in this study.
Examples of such studies are found in the literature: Furthermore,
higher MPV is observed in patients with diabetes mellitus [6],
hypertension [7], hypercholesterolemia [8], smoking [9] suggesting
a common mechanism by which these factors may increase the
risk of cardiovascular disease.
Our study also supports those exemplified above.
It is thought that high MPV levels may be an effective marker
in determining the severity of CAD, and the high MPV level may be
related with CAD pathophysiology [10]. Cetin et al. [11] reported
that patients with acute st-elevation myocardial infarction (STEMI)
had higher PDW than patients with stable CAD, and mean platelet
volume and PDW were independent predictors of thrombolysis
failure. A recent study reported that PDW is associated with the
extent of CAD and coronary total occlusions [12].
The exercise treadmill test (ETT) has been a very useful tool in
detecting or determining the degree of coronary artery disease,
and the maximization of the test diagnostic value with the addition
of clinical information is encouraged [13]. Vacanti and et al. [14],
reported that the ETT is superior to the myocardial perfusion
scintigraphy to predict cardiovascular risk in the elderly.
Youn et al. [15] suggests that DTS reflects coronary flow
reserve and the severity of ischemia in patients with microvascular
angina. Shaw et al. [16] demonstrated that DTS was effective at
diagnosing significant and severe CAD. They regarded CAD severity
as number of diseased artery rather than morphological and
structural properties of coronary arteries.
We did not encounter in the literature any study comparing
MPV, PLT and PDW values between patients under low, moderate
or high risk groups as classified by DTS. In this regard, our study is
among the first ones in its category.
Conclusion
This study’s findings suggest that MPV and PDW may improve
the prognostic information in the prediction of prevalence and
extent of CAD. According to significant association between DTS
and platelet volume indices, we think that MPV and PDW are
simple, easily obtainable, and potentially useful prognostic
biomarkers that can contribute to cost reductions in the detection
of coronary artery disease and stratification of pathology.
Conflict of interest: none declared.
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