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Prognostic value of a decrease in mean platelet volume,
platelet distribution width, and platelet-large cell ratio
for major adverse cardiovascular events after myocardial
infarction without ST-segment elevation:
An observational study
Emir Bećirović 1, Kenana Ljuca 2 ,3, Minela Bećirović 1, Nadina Ljuca 2, Mugdim Bajrić 4, Ammar Brkić 1, and Farid Ljuca 5∗

The current study aimed to explore whether the level of decrease in platelet distribution width (PDW), platelet-large cell ratio (P-LCR),
and mean platelet volume (MPV) has prognostic value for major adverse cardiovascular events (MACEs) in acute myocardial infarction
without ST-segment elevation (NSTEMI) treated with clopidogrel. In this prospective observational cohort study, PDW, P-LCR, and
MPVwere determined on admission at the hospital and 24 h after clopidogrel treatment in 170 non-STEMI patients. MACEs were
assessed over a one-year follow-up period. Using the Cox regression test, a decrease in PDW showed a significant association with the
incidence of MACEs (odds ratio [OR] 0.82, 95% confidence interval [CI] 0.66–0.99, p= 0.049) and overall survival rate (OR 0.95, 95%
CI= 0.91–0.99, p= 0.016). Patients with a decrease in PDW<9.9% had a higher incidence of MACEs (OR 0.42, 95% CI= 0.24–0.72,
p= 0.002) and a lower survival rate (OR 0.32, 95% CI= 0.12–0.90, p= 0.03) than patients who had a decrease in PDW<9.9%. In the
Kaplan–Meier analysis using log-rank test, patients who had a decrease in PDW<9.9% had an increased risk for MACEs (p= 0.002) and
lethal outcomes (p= 0.002). However, a decrease in MPV or P-LCR did not have prognostic value. A decrease in PDW<9.9%measured
24 h after clopidogrel treatment in NSTEMI patients has good prognostic value for determining the short-term risks of MACEs, possibly
providing a better risk stratification of those patients.

Keywords: Mean platelet volume (MPV), platelet distribution width (PDW), platelet-large cell ratio (P-LCR), major adverse
cardiovascular events (MACEs), myocardial infarction without ST-segment elevation (NSTEMI).

Introduction
Acute coronary syndrome (ACS) is one of the most impor-
tant causes of severe complications and death worldwide. ACS
includes unstable angina pectoris, non-ST-elevation myocar-
dial infarction (NSTEMI), and STEMI. After either NSTEMI or
STEMI, major adverse cardiovascular events (MACEs), such as
reinfarction, cardiac death, and requirement for target vessel
revascularization (TVR), will occur. To improve the risk strat-
ification of those patients, different inflammatory and hema-
tological markers have been tested as predictive factors for
MACEs after NSTEMI and STEMI. Among inflammatory mark-
ers, elevated C-reactive protein (CRP) has been proven to be the
strongest independent factor in predicting overall lethal out-
come, cardiac death, andMACEs in STEMI or NSTEMI patients
after percutaneous coronary intervention (PCI) [1]. Platelets, as
very important factors, are involved in the mechanisms of the

development of cardiovascular diseases, such as atherosclerosis
and ACS. Platelet indices as indicators of platelet activity have
been demonstrated as markers of a prothrombotic state in car-
diovascular diseases [2, 3].

Mean platelet volume (MPV) and platelet distributionwidth
(PDW) values are higher in STEMI patients than in healthy
individuals and correlates with the severity of STEMI [2].
Increased MPV is a strong independent predictive factor of
short-term lethal outcome in STEMI, which independently cor-
relates with long-term mortality in patients with STEMI and
without STEMI [4].

Preprocedural values of thrombocytes and platelets indices
PDW, platelet-large cell ratio (P-LCR), and MPV may predict
MACEafter PCI. Both thrombocytosis and thrombocytopenia on
hospital admission in patients with ACS are associated with a
long-termmortality rate [5].

mailto:farid.ljuca@gmail.com
https://doi.org/10.17305/bb.2023.9178
https://creativecommons.org/licenses/by/4.0/
http://www.biomolbiomed.com
http://www.biomolbiomed.com
https://orcid.org/0000-0002-4134-987X
https://orcid.org/0009-0004-9478-3284
https://orcid.org/0009-0007-4391-5226
https://orcid.org/0009-0008-0832-3644
https://orcid.org/0000-0003-2417-7786
https://orcid.org/0000-0002-5436-3670
https://orcid.org/0000-0003-1143-1941


Elevated MPV (≥9.6 fL) is a strong prognostic factor for
MACE over a follow-up period of 1 year after an elective PCI
procedure [6]. High MPV (≥11.7 fL), high PLC-R (≥31.8%), and
high PDW (≥16 fL) are significantly associated with a higher
mortality rate over 2 years of follow-up in STEMI and NSTEMI
patients undergoing PCI [7]. A high preprocedural PDW value
is a strong independent prognostic factor for the develop-
ment ofMACEs during hospitalization and long-termMACEs in
ACS [8]. In patients with coronary bifurcation lesions undergo-
ing PCI, high PDWis a goodpredictor of 1-yearMACE [9]. Ahigh
MPV/PC (platelet count) ratio (≥0.055) has strong independent
predictive value for long-termMACE in STEMI patients under-
going PCI [10].

In this research, we evaluated the prognostic value of
decreased PDW, MPV, and P-LCR for MACEs in NSTEMI
patients treated with clopidogrel.

Materials andmethods
Patients
This prospective observational cohort study included 170
NSTEMIpatientswho received conventional therapy, including
clopidogrel (75 mg) and admitted to the Department of Car-
diology, Clinic of Internal Diseases, University Clinical Cen-
ter Tuzla, Bosnia and Herzegovina from January 1 to June 30,
2021. The cohort included only patients who had a decrease in
MPV, PDW, and P-LCR values 24 h after clopidogrel treatment.
The median of level of decrease used as cut-off value (it was
0.19 fL forMPV, and 9.9% for PDWandP-LCR). According to the
median value of decrease in platelet indices 24 h after the first
dose of clopidogrel, NSTEMI patientswere split into: a) patients
with a decrease in MPV ≤ 0.19 fL and patients with a decrease
in MPV > 0.19 fL, b) patients with a PDW decrease <9.9%
and patients with a PDW decrease ≥9.9%, and c) patients with
a P-LCR decrease <9.9% and patients with a P-LCR decrease
≥9.9%.APRIZMAchart of patient selection is shown inFigure 1.

In this study, the inclusion criteria for patients were: a)
newly diagnosed NSTEMI, b) no prior clopidogrel treatment,
and c) age >18. The exclusion criteria were: a) prior clopido-
grel treatment for any indication, b) STEMI, c) stable coro-
nary artery disease, d) prior NSTEMI, e) renal dysfunction, and
f) hematological diseases.

Laboratory tests
Venous blood samples were taken from all patients on admis-
sion and 24 h after the first dose of clopidogrel. Whole blood
was immediately collected in a tube containing K2E (tetra
acetic acid) anticoagulant. Blood samples were analyzed for
platelet indices within 30 min using the Analyzer SYSMEX
XN 100 (SYSMEX Corporation1-5-1 Wakinohama-Kaigandori,
Chuo-Ku, Kobe 651-0073, Japan).

Clinical follow-up
All NSTEMI patients underwent a follow-up for one year after
admission to assess MACEs. MACEs included cardiac death,
reinfarction, and the requirement for revascularization. The
definitions for clinical outcomes (MACE) were according to
International Classification of Diseases (ICD-10) [11]. Clinical

Figure 1. A PRISMA chart of patient selection. NSTEMI: Non-ST-
elevation myocardial infarction; STEMI: ST-elevation myocardial infarction;
PCI: Percutaneous coronary intervention.

follow-up was performed by telephone or through a patient’s
examination.

Ethical statament
The studywas approved by the Ethical Committee of University
Clinical Center Tuzla, Bosnia and Herzegovina, Decision No:
02-09/2-97-21.

Statistical analysis
Continuous variables are expressed as the means ± SDs. They
were analyzed by Student’s t-test. For parameters with a nor-
mal distribution, the Kolmogorov–Smirnoff test was used. Cat-
egorical variables are presented as frequencies (%) and were
analyzed with the χ

2 test with Yates correction. Odds ratios
(ORs) with 95% confidence intervals (CIs) are reported. The
Kaplan–Meier test was used to estimate the survival rate. Cox
regression analysis was used to determine the prognostic value
of thevariables. Differences betweenanalyzedparameterswere
considered significant if the p value was<0.05.

Results
The cohort in this prospective observational study included 170
NSTEMI patients (median age 68, IQR = 60–76, minimum 43,
maximum 91) who received conventional therapy, including
clopidogrel. There were 103 males (60.6%) and 67 females
(39.4%). Clinical characteristics of patients with (n = 87) and
without MACEs (n= 83), such as age, body mass index, hyper-
lipidemia, hypertension, diabetes mellitus, and current smok-
ing did not differ significantly (Table 1).

As a first step, we tested whether hematological parame-
ters, including MPV, PDW, and P-LCR values, changed 24 h
after clopidogrel treatment in NSTEMI patients. MPV (9.16 ±

1.45 vs 9.54 ± 1.55; p < 0.001), PDW (12.15 ± 2.09 vs 12.78
± 2.41; p < 0.001), and PLC-R (29.61 ± 7.26 vs 30.76 ± 7.54;
p < 0.001) values measured at 24 h after clopidogrel treatment
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Table 1. Clinical characteristics of patients with and without major adverse cardiovascular events (MACEs)

Variable All patients (n= 170) Without MACEs (n= 83) With MACEs (n= 87) p value

Age (years) 68.1±2.3 66.5±6.4 68.4±7.8 0.085

Body mass index (kg/m2) 30.1±3.7 29.7±6.8 31.3±5.6 0.095

Diabetes mellitus, n (%) 71 (41.8) 34 (41.0) 37 (42.5) 0.836

Hyperlipidemia, n (%) 124 (72.9) 52 (62.7) 72 (82.8) 0.092

Current smoker, n (%) 85 (50) 36 (43.4) 49 (56.3) 0.096

Hypertension, n (%) 149 (87.6) 69 (83.1) 80 (92.0) 0.086

were significantlydecreasedcomparedwith thoseon theadmis-
sion white blood cell count (10.34± 3.89× 109/L vs 9.45± 3.70
× 109/L; p < 0.001), neutrophils (72.36 ± 12.34% vs 68.58 ±

13.38%; p < 0.001), eosinophils (1.55 ± 2.30% vs 1.13 ± 2.03%;
p< 0.001), monocytes (8.61± 3.10% vs 7.61± 3.14%; p< 0.001),
MCH (30.60± 2.44 vs 30.41± 2.30; p= 0.04), and PCT (0.03±

0.02vs0.0±0.02; p<0.01)were significantly increased at 24h
after the treatment. Values of other hematological parameters
were not significantly changed (Table 2).

Out of 170 patients, 89 (54%) had a decrease inMPV≤0.19 fL,
and 81 (47%) had a decrease in MPV>0.19 fL. Fifty-six patients
(32.9%) had a decrease in PDW ≥9.9%, and 114 (67.1%) had
a decrease in PDW<9.9%. Forty-three (25.3%) patients had a
decrease in P-LCR ≥9.9%, and 127 (74.7%) had a decrease in
P-LCR< 9.9%. Clinical characteristics of patients did not signif-
icantly impact on a level of decrease in platelet indices (Table 3).

After myocardial infarction without ST-segment elevation,
out of 170 patients, 87 (51.2%) hadMACE, and 83 (48.8%) did not
haveMACEduring the follow-up period. Out of 87 patientswith
MACE, 54 underwent PCI (coronary artery by-pass grafting
n= 17 and drug-eluting stent implantation n= 37), and 25 died.

The overall mean time of the incidence ofMACEwas 68 days
(95% CI=60–76 days) (Figure 2), and the mean time of lethal
outcome was 102 days (95% CI=95–108 days) (Figure 3).

UsingCox regression analysis,we found that only the level of
decrease in PDW showed a statistically strong association with
the incidence ofMACEs (OR 0.82, 95%CI 0.66–0.99, p=0.049).
A decrease in PDW<9.9% increased the risk for MACEs (OR
0.42, 95%CI 0.24–0.72, p=0.002). However,MPV or PLC-R did
not have prognostic value. The Kaplan–Meier analysis showed
thatpatientswhohadadecrease inPDW<9.9%hadan increased
risk for MACEs (p= 0.002) (Figure 4).

Cox regression analysis showed that only a decrease in PDW
was independently associatedwith the overall survival rate (OR
0.95, 95% CI=0.91–0.99, p = 0.016). Patients with a decrease
in PDW≥9.9% had a higher survival rate than patients with a
decrease in PDW<9.9% (OR0.32, 95%CI=0.12–0.90, p=0.03).
In the Kaplan–Meier analysis, patients with a decrease in
PDW<9.9% had a higher risk for a lethal outcome (p = 0.002)
(Figure 5).

Discussion
The inflammatory response and prothrombotic state are
involved in the development of ACS. Markers of inflammation

Figure 2. Kaplan–Meier curves showing the overall mean time of the
incidence of MACE in NSTEMI patients treated with clopidogrel. p value
is calculated by log-rank test. MACE: Major adverse cardiovascular event;
NSTEMI: Non-ST-elevation myocardial infarction.

Figure 3. Kaplan–Meier curves showing the overall mean time of the
incidence of mortality in NSTEMI patients treated with clopidogrel.
p value is calculated by log-rank test. NSTEMI: Non-ST-elevationmyocardial
infarction.

and thrombotic activity may reflect the severity of ACS and
may predict the development of MACE after certain types of
ACS treatment, such as PCI or drug therapy. Increased platelet
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Table 2. Hematological parameters on admission and 24 h after clopidogrel treatment in patients with NSTEMI

On admission (mean±SD) After 24 h (mean±SD) p value

White blood cells (×109/L) 9.45 ±3.70 10.34 ±3.89 <0.001

Red blood cells (×1012/L) 7.11 ±34.56 4.42 ±0.66 0.31

Hemoglobin (g/L) 135.34 ±22.80 134.49 ±21.03 0.30

Hematocrit 0.40 ±0.06 0.40 ±0.06 0.32

Platelets (×109/L) 235.92 ±78.04 232.94 ±80.09 0.27

MCV 89.51 ±5.72 89.61 ±5.53 0.54

MCH 30.41 ±2.30 30.60 ±2.44 0.04

MCHC 339.73 ±12.77 340.15 ±11.97 0.55

MPV (fL) 9.54 ±1.55 9.16 ±1.45 <0.001

RDW-CV 14.11 ±1.67 14.79 ±9.19 0.33

RDW-SD 44.90 ±5.52 45.09 ±4.61 0.42

PCT 0.02 ±0.02 0.03 ±0.02 0.01

PDW 12.78 ±2.41 12.15 ±2.09 <0.001

P-LCR 30.76 ±7.54 29.61 ±7.26 <0.001

Monocytes (#) 0.78 ±0.33 0.79 ±0.60 0.72

Monocytes (%) 7.61 ±3.14 8.61 ±3.10 <0.001

Basophils (#) 0.04 ±0.03 0.04 ±0.03 0.16

Basophils (%) 0.41 ±0.35 0.42 ±0.29 0.50

Erythroblasts (#) 0.02 ±0.09 0.01 ±0.08 0.11

Erythroblasts (%) 0.13 ±0.88 0.11 ±0.86 0.11

Eosinophils (#) 0.10 ±0.19 0.13 ±0.24 0.05

Eosinophils (%) 1.13 ±2.03 1.55 ±2.40 <0.001

Lymphocytes (#) 1.71 ±1.08 3.60 ±23.73 0.30

Lymphocytes (%) 18.32 ±10.21 21.19 ±10.46 <0.001

Neutrophils (#) 7.28 ±7.51 7.70 ±3.74 0.41

Neutrophils (%) 68.58 ±13.38 72.36 ±12.34 <0.001

MCV: Mean cell volume; MPV: Mean platelet volume; PDW: Platelet distribution width; P-LCR: Platelet-large cell ratio; MCH:
Mean cell hemoglobin; MCHC:Mean cell hemoglobin concentration; RDW-CV: Red cell distribution width-coefficient of variation;
RDW-SD: Red cell distribution width-standard deviation; PCT: Platecrit; NSTEMI: Non-ST-elevation myocardial infarction.

Table 3. Clinical characteristics of patients stratified according to the median of level of decrease in MPV, PDW, and P-LCR measured 24 h after
clopidogrel treatment

Variable MPV PDW P-LCR

≤0.19 fL
(n= 89)

>0.19 fL
(n= 81)

p value <9.9%
(n= 114)

≥9.9%
(n= 56)

p value <9.9%
(n= 127)

≥9.9%
(n= 43)

p value

Age (years) 68.6±4.9 66.8±7.5 0.064 69.1±9.2 67.8±6.7 0.348 68.9±7.6 66.3±8.3 0.060

Body mass index (kg/m2) 30.9±3.5 29.8±4.7 0.084 31.2±7.8 29.4±9.3 0.187 30.7±8.2 28.7±6.9 0.153

Diabetes mellitus, n (%) 40 (44.9) 31 (38.3) 0.381 52 (45.6) 19 (33.9) 0.164 56 (44.1) 15 (34.9) 0.311

Hyperlipidemia, n (%) 68 (76.4) 56 (69.1) 0.292 89 (78.1) 35 (62.5) 0.053 93 (73.2) 31 (72.1) 0.143

Current smoker, n (%) 46 (51.7) 39 (48.1) 0.646 62 (54.4) 23 (41.1) 0.122 69 (54.3) 16 (37.2) 0.077

Hypertension, n (%) 82 (92.1) 67 (82.7) 0.067 104 (91.2) 45 (80.4) 0.079 111 (87.4) 38 (88,4) 0.209

MPV: Mean platelet volume; PDW: Platelet distribution width; P-LCR: Platelet-large cell ratio.
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Figure 4. Kaplan–Meier curves showing the incidence of MACE accord-
ing to the decrease of PDW value in NSTEMI patients treated with
clopidogrel (blue line—decrease of PDW≥9.9%, green line—decrease of
PDW <9.9%). p value is calculated by log-rank test. MACE: Major adverse
cardiovascular event; PDW: Platelet distribution width; NSTEMI: Non-ST-
elevation myocardial infarction.

Figure 5. Kaplan–Meier curves showing the incidence of mortality
according to the decrease of PDWvalue in NSTEMI patients treatedwith
clopidogrel (blue line—decrease of PDW≥9.9%, green line—decrease of
PDW<9.9%). p value is calculated by log-rank test. PDW: Platelet distribu-
tion width; NSTEMI: Non-ST-elevation myocardial infarction.

activity leads to increased thrombotic activity and increases
the risk for MACE in patients with ACS. It correlates with
increased values of platelet indices: MPV, PDW, and PLC-R.
Clopidogrel decreases the risk for MACEs by lowering platelet
activity, but the novel P2Y12 inhibitors ticagrelor and prasugrel
reduce long-termmortality andMACE compared to clopidogrel
in patients with ACS [12].

Increased MPV has been associated with MACEs in patients
with STEMI undergoing PCI [2, 7, 10, 13, 14] and in patients
without STEMI [15, 16]. High MPV has demonstrated a strong
and independent association with an increased risk of plaque

rupture in NSTEMI patients [17]. Nevertheless, elevated MPV
did not predict in-hospital mortality in NSTEMI patients [4].
In our study, we found that MPV (9.16 ± 1.45 vs 9.54 ± 1.55;
p < 0.001) values measured at 24 h after clopidogrel treatment
in the patients without STEMI were significantly decreased
compared with those on admission, but MPV remained high
(>9.0 fL). Out of 170 patients, 89 (54%) had a decrease in
MPV≤0.19 fL and 81 (47%) had a decrease in MPV>0.19 fL;
there was no significant difference. Using Cox regression and
Kaplan–Meier analyses, MPV did not have prognostic value
for MACEs. This could be due to an insufficient decrease in
MPV and might be because of the resistance to clopidogrel.
Up to our knowledge, there is no similar study investigating
the dynamic changes of MPV within 24 h after clopidogrel
treatment in NSTEMI patients. There is only one study about
the dynamic changes of MPV and cardiac function in patients
with acute myocardial infarction (AMI) who underwent PCI.
Wang et al. [18] in this study reported that dynamic changes of
MPV occurred over an acute phase of AMI and MPV was high
in patients with high Killip Class, suggesting a predictive value
ofMPV in ventricular dysfunction and clinical outcome inAMI.
Increased PDW for 1 fL (13.8%) and plateletcrit for 1% are associ-
ated with STEMI in young patients [3]. The PDW value was sig-
nificantlygreater inNSTEMIpatientswhohad inadequate coro-
nary collateral development (CCD) than in those with adequate
CCD [19]. High PDW is strongly associated with STEMI and cor-
relates with the severity of STEMI [2]. High PDW upon arrival
to a hospital is a strong independent prognostic factor forMACE
in patients with or without STEMI treated by PCI in short and
long follow-up periods [7–9, 20, 21]. In this study, the decrease
of PDW was independently associated with the incidence of
MACEs (OR 0.82, 95% CI 0.66–0.99, p = 0.049) and overall
survival rate (OR 0.95, 95% CI=0.91–0.99, p = 0.016). Patients
with decrease of PDW<9.9% had higher incidence of MACEs
(OR 0.42, 95% CI 0.24–0.72, p= 0.002) and lower survival rate
(OR 0.32, 95% CI = 0.12–0.90, p = 0.03) than patients with
decrease of PDW≥9.9%. Using the Kaplan–Meier test, patients
who had a decrease of PDW<9.9% showed increased risk for
MACEs (p= 0.002) and lethal outcome (p= 0.002). Our results
are consistent with those mentioned above regarding the asso-
ciation of the PDW value withMACEs.

High P-LCR on admission is a strong predictive factor for
MACEs in patients with or without STEMI undergoing PCI [7].
In the study by Małyszczak et al. [5], PDW and P-LCR were
not associated with MACEs in patients with ACS. In our study,
PLC-R did not have prognostic value for MACEs in patients
without STEMI treated with clopidogrel.

Some patients with ACS develop resistance to clopidogrel,
which decreases its antiplatelet activity, leading to less effi-
ciency in preventing the development ofMACEs [22, 23]. In our
study, clopidogrel significantly changed only PDW and was a
strong independent predictor for MACE, but MPV and P-LCR
did not have prognostic value. This seems to be due to partial
resistance to clopidogrel.

Our study has two limitations: a) a relatively small number
of patientswere enrolled in the study and b) itwas conducted in
a single center.
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Conclusion
In conclusion, the level of decrease in PDW<9.9% measured
24 h after clopidogrel treatment in NSTEMI patients has good
prognostic value fordetermining the short-termrisksofMACEs
and possibly providing a better risk stratification of those
patients.
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