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A b s t r a c t

Introduction: Platelet/lymphocyte ratio (PLR) has been shown to be an inflammatory and thrombotic biomarker for coronary 
heart disease, but its prognostic value in ST-segment elevation myocardial infarction (STEMI) has not been fully investigated. 

Aim: To investigate the relationship between PLR and no-reflow, along with the in-hospital and long-term outcomes in patients 
with STEMI.

Material and methods: In the present study, we included 304 consecutive patients suffering from STEMI who underwent 
primary percutaneous coronary intervention (p-PCI). Patients were stratified according to PLR tertiles based on the blood samples 
obtained in the emergency room upon admission. No-reflow after p-PCI was defined as a coronary thrombolysis in myocardial infarc-
tion (TIMI) flow grade ≤ 2 after vessel recanalization, or TIMI flow grade 3 together with a final myocardial blush grade (MBG) < 2.

Results: The mean follow-up period was 24 months (range: 22–26 months). The number of patients characterized with no-re-
flow was counted to depict increments throughout successive PLR tertiles (14% vs. 20% vs. 45%, p < 0.001). In-hospital major 
adverse cardiovascular events and death increased as the PLR increased (p < 0.001, p < 0.001). Long-term MACE and death also 
increased as the PLR increased (p < 0.001, p < 0.001). Multivariable logistic regression analysis revealed that PLR remained an inde-
pendent predictor for both in-hospital (OR = 1.01, 95% CI: 1.00–1.01; p = 0.002) and major long-term (OR = 1.01, 95% CI: 1.00–1.01; 
p < 0.001) adverse cardiac events.

Conclusions: Platelet/lymphocyte ratio on admission is a strong and independent predictor of both the no-reflow phenomenon 
and long-term prognosis following p-PCI in patients with STEMI.

Key words: platelet/lymphocyte ratio, in-hospital mortality, long-term mortality, no-reflow, ST-segment elevation acute myocar-
dial infarction.

graphic no-reflow [3, 4]. The identification of predictors 
of these processes, which has important implications for 
assessing patient management, improving clinical out-
comes and for the design of future trials, is intended to 
improve myocardial recovery. The platelet to lymphocyte 
ratio (PLR) was introduced as a potential marker to deter-
mine excess thrombotic activity [5] and inflammation in 
oncologic and cardiac disorders [6, 7].

Introduction
It is well known that angiographic no-reflow is asso-

ciated with short- and long-term morbidity and mortal-
ity in acute ST-segment elevation myocardial infarction 
(STEMI) [1, 2]. Although the pathophysiology of no-reflow 
has not been fully elucidated, its etiology is likely multi-
factorial and complex. Inflammatory processes and ex-
cess thrombotic activity play an important role in angio-
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Recently, PLR has been shown to be an independent 
predictor of coronary no-reflow and in-hospital mortality 
in patients with STEMI who underwent primary percu-
taneous coronary intervention (p-PCI) [8–10]. However, 
data regarding the association of PLR levels with long-
term mortality in the setting of STEMI are lacking. 

Aim
The primary aim of this study was to evaluate the 

association of PLR with angiographic coronary blood flow 
as well as to evaluate the in-hospital and long-term out-
comes in patients with STEMI undergoing p-PCI.

Material and methods
Patient population
The initial study population was composed of 408 

consecutive patients diagnosed definitively with STEMI 
who underwent p-PCI. Among these, 104 patients were 
excluded because of not receiving p-PCI (n = 14), miss-
ing laboratory values (n = 44) or lacking clinical follow-up 
data (n = 56). Finally the study population consisted of 
304 patients. Based on the PLR upon admission, patients 
were stratified into tertiles (1st tertile: < 141, 2nd tertile: 
141–217 and 3rd tertile: > 217). The inclusion criteria 
were as follows: (a) presentation within the first 12 h of 
onset of chest pain (18 h for cardiogenic shock), (b) ST 
elevation of at least 1  mm in two or more contiguous 
leads (2 mm for leads V1–V3), or new-onset left bundle 
branch block. Exclusion criteria included treatment with 
thrombolytic drugs in the previous 24 h, active infections, 
recent major surgical procedure or trauma, previously 
proved systemic inflammatory disease, known malig-
nancy, and end-stage liver and renal failures. Written 
informed consent was obtained from all patients. The 
study was conducted in accordance with the Declaration 
of Helsinki, and the study protocol was approved by the 
local ethics committee.

Angiographic analysis
All p-PCI procedures were performed using the stan-

dard femoral approach with a 7-Fr guiding catheter. Phar-
macological treatment before p-PCI included 300 mg of 
chewable aspirin, a loading dose of 600 mg of clopidogrel 
and an intravenous bolus of unfractionated heparin at 
a dose of 70 U/kg of body weight. The use of glycopro-
tein IIb/IIIa receptor blockers (tirofiban) with 10 mg/kg 
bolus and 0.15 mg/kg/min intravenous infusion was left 
to the primary operator’s discretion. Direct stenting was 
performed whenever possible; in the remaining cases, 
balloon predilatation was performed. Choice of stents 
(bare-metal or drug-eluting stent) was left to the opera-
tor’s discretion. To achieve maximal dilation, an intracor-
onary injection of nitroglycerin (100 µg) preceded each 
coronary angiogram. 

All patients were treated with maintenance doses of 
clopidogrel (75 mg once daily for 12 months) and aspirin 
(300 mg on admission and then 100 mg indefinitely).

Assessment of angiograms obtained at baseline an-
giography was performed by two independent and ex-
perienced interventional cardiologists who were blinded 
to all data; final agreement was made for 95% of discor-
dances, which were resolved by consensus. We primarily 
calculated thrombolysis in myocardial infarction (TIMI) 
thrombus grade based on the initial diagnostic angio-
gram. In TIMI thrombus grade 0, no cine-angiographic 
characteristics of thrombus are present; in TIMI throm-
bus grade 1, possible thrombus is present with such an-
giographic characteristics as decreased contrast density, 
haziness, irregular lesion contour, or a  smooth convex 
“meniscus” at the site of total occlusion suggestive but 
not diagnostic of thrombus; in TIMI thrombus grade 2, 
there is definite thrombus, with the largest dimensions  
≤ 1/2 the vessel diameter; in TIMI thrombus grade 3, there 
is definite thrombus but with the largest linear dimension 
≥ 1/2 but ≤ 2 vessel diameters; in TIMI thrombus grade 
4, there is definite thrombus, with the largest dimen-
sion 2 vessel diameters; and in TIMI thrombus grade 5, 
there is total occlusion. Then, after restoring antegrade 
flow through the guidewire or small balloon predilatation 
in patients with TIMI thrombus grade 5; coronary angio-
gram enabled restratification of the underlying residual 
thrombus (final TIMI thrombus grade) [4, 11]. We then 
stratified the final TIMI thrombus grades as low throm-
bus burden or high thrombus burden, based on scores 
0 to 3 or 4 to 5, respectively. No-reflow after p-PCI was 
defined as a  coronary TIMI flow grade ≤ 2 after vessel 
recanalization or TIMI flow grade 3 together with a final 
myocardial blush grade (MBG) < 2 (group 1), and angio-
graphic success was defined as TIMI 3 flow together with 
a final MBG ≥ 2 (group 2), as previously described [12].

Laboratory tests and echocardiography
An antecubital venous blood sample was drawn upon 

admission from each patient either in the coronary care 
unit or in the emergency department before administra-
tion of any medication. Complete blood counts, which in-
cluded platelets, total white blood cells, neutrophils and 
lymphocytes, were obtained using an automatic blood 
counter (Beckman Coulter LH 750, Fullerton, CA). Neutro-
phil/lymphocyte ratio (NLR) and PLR were calculated as 
the ratio of the neutrophils and platelets to lymphocytes, 
both obtained from the same automated blood samples 
which were taken at admission before the p-PCI. C-re-
active protein (CRP) levels, which were measured using 
a  BN II model Nephelometer (Dade Behring, Marburg, 
Germany), were also entered into the database. Oth-
er biochemical parameters including lipid profiles were 
determined by virtue of commercially available methods 
and kits. Transthoracic echocardiographic studies were 
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performed using a S5-1 transducer on an iE33 ultrasound 
machine (Philips Medical Systems, Andover, MA, USA). 
Left ventricular ejection fraction (LVEF) was calculated 
from 4- and 2-chamber views using the modified Simp-
son biplane method. 

Clinical follow-up 
Clinical follow-up data regarding participating pa-

tients were obtained either through out-patient exam-
ination or by telephone contact 24 months (interquartile 
range: 22–26 months) after p-PCI.

Major adverse cardiovascular events (MACE) com-
prised a composite of death, non-fatal re-infarction, and 
target vessel revascularization (TVR) during the in-hos-
pital or long-term follow-up period. The definition of 
re-infarction was made according to the Third Universal 
Definition of Myocardial Infarction [13]. Target vessel re-
vascularization was defined as needed for PCI or coro-
nary surgery because of restenosis or reocclusion of the 
infarct-related artery. 

Statistical analysis
Statistical analysis was performed using SPSS for 

Windows (version 19.0; SPSS Inc, Chicago, Illinois). Con-
tinuous variables were expressed as mean ± standard 
deviation or median (interquartile range) depending 
on normality, assessed using the Kolmogorov-Smirn-
ov test. Among tertiles, measurements were compared 
using a one-way ANOVA model test followed by Tukey’s 
post hoc test. Each categorical variable was expressed 
as number and percentage of patients. Group means for 
continuous variables were compared using either the un-
paired Student’s t test or the Mann-Whitney U  test ac-
cording to normality. 

Categorical variables were compared using the chi-
square test or Fisher’s exact test, as appropriate. The as-
sociation of different variables with in-hospital and long-
term MACE was calculated in univariate analysis. Multiple 
logistic regression analysis was performed to eliminate 
variables. Variables showing marginal associations with 
no-reflow on univariate testing were included in the regres-
sion analysis (p < 0.1). The stepwise method with backward 
elimination was used. Odds ratios with 95% confidence in-
tervals were calculated. A receiver-operating characteristic 
(ROC) curve was constructed to determine the sensitivity 
and specificity of PLR and the optimal cut-off value for 
predicting long-term MACE in patients with STEMI. The 
Kaplan-Meier method was used to construct the cumula-
tive survival curve for long-term cardiovascular mortality, 
and the log-rank test was used to assess the differences.  
A p value of < 0.05 was considered statistically significant.

Results
Table I shows the baseline characteristics of patients 

according to PLR tertiles. There was no statistically sig-

nificant difference between the PLR tertiles with regard 
to the baseline characteristics (age, gender, risk factors, 
etc.) and pain-to-balloon time. However, fasting glucose 
and serum CRP levels were observed to increase across 
the subsequent PLR tertiles. Hemoglobin levels and LVEF 
values, on the other hand, were getting poorer and poorer 
across the tertile groups (Table I). Platelet levels were sig-
nificantly higher (249.8 ±65.1, 255.9 ±73.1, 302.7 ±107.8, 
p < 0.001 for trend across tertiles), while lymphocyte lev-
els were significantly lower (2.6 ±1.4, 1.4 ±0.4, 0.9 ±0.3,  
p < 0.001 for trend across tertiles). Neutrophil/lympho-
cyte ratio increased as the PLR increased (105.6 ±26.9, 
175.2 ±22.4, 352.4 ±158.7, p < 0.001 for trend across 
tertiles). In addition, patients presented with cardiogenic 
shock significantly higher in tertile 3 (p = 0.02).

A higher prevalence of no-reflow after p-PCI was ob-
served as the PLR tertiles increased (p < 0.001 for trend 
across tertiles). As the tertile increased, the prevalence 
of multivessel disease increased (p = 0.010). Final TIMI 
thrombus grades of the study population consisted 
of low thrombus burden, significantly higher in tertile  
1 compared to tertile 3, and high thrombus burden, sig-
nificantly lower in tertile 1 compared to tertile 3 (Table II).

We established a  multivariable logistic regression 
model by using no-reflow as the dependent variable 
with adjustments for significant variables (as identified 
from the univariable regression analysis – PLR and NLR 
on admission, fasting glucose, previous coronary artery 
disease (CAD), CRP, glycoprotein IIb/IIIa antagonist, dia-
betes mellitus (DM), aspirin usage, b-blocker usage, car-
diogenic shock and final TIMI thrombus grades), ending 
up with PLR on admission (odds ratio (OR) 1.01, 95% 
confidence interval (CI): 1.00–1.01; p = 0.003) as the 
independent predictor for the no-reflow phenomenon 
(Table III). During the in-hospital period, the incidence of 
MACE was significantly higher in patients with no-reflow 
(26 (66.7%) vs. 13 (33.3%), p < 0.001), and mortality was 
higher in the no-reflow group (p < 0.001). The number 
of patients who died during follow-up was significantly 
higher in the no-reflow group compared to the patients 
who survived (p < 0.001). Also, in the long-term follow-up, 
MACE incidence was significantly higher in patients with 
no-reflow (43 (62%) vs. 26 (38%), p < 0.001). 

The associations of different variables with the 
in-hospital and long-term MACE and mortality were 
evaluated in univariate analysis. In univariate analy-
sis, variables with a p value < 0.05 were analyzed using 
a multivariate logistic regression model. For in-hospital 
MACE, PLR, NLR, CRP, b-blocker, DM, previous CAD, hospi-
talization, final TIMI thrombus grades, no-reflow, cardio-
genic shock, and LVEF were analyzed using a multivariate 
logistic regression model. The PLR was an independent 
predictor of in-hospital MACE (OR = 1.01, 95% CI: 1.00–
1.01; p = 0.007) (Table IV) after multivariate analysis. For 
long-term MACE, PLR, NLR, CRP, b-blocker, aspirin, fasting 
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Table I. Baseline characteristics

Variable  Platelet/lymphocyte Value of p

Tertile 1 (< 141) (n = 101)            Tertile 2 (141–217) (n = 102) Tertile 3 (> 217) (n = 101)

Age [years] 60.0 ±9.5 60.0 ±11.2 59.4 ±9.6 0.883

Men 83 (82) 86 (84) 77 (76) 0.317

Body mass index [kg/m2] 26.3 ±4.1 26.5 ±4.6 26.7 ±4.4 0.824

Hypertension 42 (42) 44 (43) 49 (48) 0.582

Diabetes 26 (26) 22 (22) 27 (27) 0.663

Current smoking 58 (57) 52 (51) 58 (57) 0.566

Previous CAD 13 (13) 14 (14) 22 (22) 0.164

Peak CK-MB [U/l] 189.6 ±122.2 181.3 ±110.6 194.5 ±105.5 0.704

C-reactive protein [mg/l] 5.3 ±6.2 7.1 ±6.5 8.1 ±6.2 0.009

Creatinine [mg/dl] 0.88 ±0.23 0.90 ±0.24 0.92 ±0.23 0.546

LVEF (%) 50.0 ±9.3 49.9 ±9.3 47.0 ±10.6 0.053

Fasting glucose [mg/dl] 144.5 ±69.5 161.7 ±94.6 187.6 ±119.2 0.007

LDL cholesterol [mg/dl] 121.6 ±320 128.4 ±34.4 122.6 ±31.2 0.288

HDL cholesterol [mg/dl] 39.5 ±10.6 37.6 ±9.9 39.7 ±10.0 0.285

Triglyceride [mg/dl] 125.9 ±49.6 136.0 ±65.3 121.9 ±48.6 0.175

Total cholesterol [mg/dl] 189.0 ±38.1 197.8 ±38.7 188.9 ±36.8 0.161

Hemoglobin [g/dl] 13.9 ±1.6 13.5 ±1.6 12.7 ±1.9 < 0.001

Platelets [× 103 µl] 249.8 ±65.1 255.9 ±73.1 302.7 ±107.8 < 0.001

WBC [× 103 µl] 13.5 ±5.7 12.7 ±4.2 12.6 ±4.2 0.313

Lymphocytes [× 103 µl] 2.6 ±1.4 1.4 ±0.4 0.9 ±0.3 < 0.001

Neutrophil/lymphocyte ratio 4.3 ±2.4 7.4 ±3.2 13.1 ±7.1 < 0.001

Platelet/lymphocyte ratio 105.6 ±26.9 175.2 ±22.4 352.4 ±158.7 < 0.001

Mean platelet volume [fl] 8.4 ±1.1 8.6 ±1.3 8.6 ±1.3 0.480

Glycoprotein IIb/IIIa antagonist 37 (37) 36 (35) 42 (42) 0.623

Pain-to-balloon time [h] 2.4 ±0.8 2.6 ±0.9 2.6 ±0.9 0.459

Cardiogenic shock 0 (0) 3 (3) 7 (7) 0.021

Hospitalization [days] 6.3 ±1.7 6.6 ±1.9 6.7 ±1.6 0.335

Previous medications:

Aspirin 17 (17) 15 (15) 29 (29) 0.027

ACE inhibitors/ARB 36 (36) 35 (34) 38 (38) 0.885

b-Blocker 30 (30) 21 (21) 31 (31) 0.202

Statin 24 (24) 23 (23) 19 (19) 0.673

Results presented as mean ± SD or n (%). CAD – Coronary artery disease, CK-MB – creatine kinase-MB, LDL – low-density lipoprotein, HDL – high-density lipopro-
tein, LVEF – left ventricle ejection fraction, TIMI – thrombolysis in myocardial infarction, ACE – angiotensin-converting enzyme, ARB – angiotensin receptor blocker,  
WBC – white blood cell count.
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glucose, previous CAD, hospitalization, final TIMI throm-
bus grades, no-reflow, cardiogenic shock, and LVEF were 
included in the multivariate logistic regression model. At 
multivariate analysis, PLR was also an independent pre-
dictor of long-term MACE (OR = 1.01, 95% CI: 1.00–1.01; 
p < 0.001) (Table V). 

For in-hospital mortality, PLR (OR = 1.01, 95% CI: 
1.00–1.01; p = 0.024), no-reflow (OR = 7.57, 95% CI: 
2.21–25.9; p = 0.001), and cardiogenic shock (OR = 20.4, 
95% CI: 3.98–105; p < 0.001) were independent predic-
tors of in-hospital mortality (Table VI) after the multivar-
iate analysis. For long-term mortality, PLR (OR = 1.01,  

95% CI: 1.00–1.01; p = 0.005), no-reflow (OR = 13.3,  
95% CI: 5.40–32.6; p < 0.001), cardiogenic shock  
(OR = 6.18, 95% CI: 1.01–32.6; p = 0.049), and CRP  
(OR = 1.10, 95% CI: 1.04–1.17; p = 0.001) were also inde-
pendent predictors of long-term mortality in multivariate 
analysis (Table VII).

The ROC curves of PLR for predicting the outcomes 
are shown in Figure 1. In this study, a PLR level of > 201, 
measured upon admission, had 70% sensitivity and 66% 
specificity in predicting the development of long-term 
adverse cardiac events. The cumulative survival curves 
for long-term cardiovascular death with different PLR 

Table II. Clinical outcomes, angiographic and procedural characteristics

Variable Platelet/lymphocyte ratio Value of p

Tertile 1 (< 141) (n = 101) Tertile 2 (141–217) (n = 102) Tertile 3 (> 217) (n = 101)

Infarct-related coronary artery: 0.010

Left anterior descending 46 (45) 48 (47) 60 (59)

Circumflex 20 (20) 18 (18) 11 (11)

Right 35 (35) 36 (35) 30 (30)

Final TIMI flow grade: 0.001

0 2 (2) 1 (1) 4 (4)

1 1 (1) 1 (1) 8 (8)

2 8 (8) 15 (15) 23 (23)

3 90 (89) 85 (83) 66 (65)

Final TIMI thrombus grade scale: < 0.001

Low thrombus burden 67 (66) 74 (73) 45 (45)

High thrombus burden 34 (34) 28 (27) 56 (55)

Multivessel disease 31 (31) 48 (47) 51 (50) 0.010

Primary percutaneous coronary intervention: 0.309

Stent implantation 100 (99) 96 (94) 96 (95)

Bare-metal stent 38 (38) 36 (35) 30 (30)

Drug-eluting stent 62 (61) 60 (59) 66 (65)

Stent length [mm] 23.4 ±10.9 23.7 ±10.0 23.8 ±10.3 0.963

Stent diameter [mm] 3.18 ±0.4 3.25 ±0.4 3.23 ±0.4 0.341

No-reflow 14 (14) 20 (20) 45 (45) < 0.001

In-hospital:

Deaths  2 (2) 4 (4) 14 (14) < 0.001

MACE  7 (7) 10 (10) 22 (22) < 0.001

At 2-year follow-up:

Deaths  8 (8) 10 (10) 25 (25) < 0.001

MACE 11 (11) 20 (20) 38 (38) < 0.001

Results presented as mean ± SD or n (%). MACE – Major adverse cardiovascular events.
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tertiles were constructed using the Kaplan-Meier meth-
od, and their differences were compared by the log-rank 
test (Figure 2).

Discussion 
The present study results showed that PLR was an in-

dependent predictor of no-reflow in patients with STEMI 
who underwent p-PCI. To the best of our knowledge, 
this is the first study demonstrating the relation of PLR 
on admission with in-hospital and long-term mortality in 
patients with STEMI. Prognostic values of red cell distri-

bution width (RDW), mean platelet volume (MPV), white 
blood cells (WBCs) and NLR, which can be derived from the 
complete blood count, in STEMI have been investigated, 
but PLR has recently been investigated as a new predictor 
for major adverse cardiovascular outcomes [7, 8, 14–16]. 

The no-reflow phenomenon occurs in approximately 
half of the patients with STEMI after p-PCI. Previous stud-
ies have shown that no-reflow has a strong negative im-
pact on clinical outcome, as it is independently associated 
with early post-infarct complications, late repeat hospital 
stays for heart failure, and mortality [1, 2]. Although nu-

Table III. Effects of various variables on no-reflow phenomenon in univariate and multivariate logistic regres-
sion analyses

Variable Univariate Multivariate

Value of p OR 95% CI Value of p OR 95% CI

Fasting glucose 0.003 1.18 1.10–1.96

Previous CAD < 0.001 4.31 2.25–8.15

Diabetes 0.002 2.45 1.40–4.29 0.003 2.90 1.43–5.86

Glycoprotein IIb/IIIa antagonist  0.007 2.05 1.22–3.45

b-Blocker < 0.001 2.79 1.61–4.81 0.044 2.05 1.02–4.11

Aspirin < 0.001 5.05 2.78–9.17 0.001 3.35 1.62–6.91

Cardiogenic shock 0.002 12.6 2.60–60.5

TIMI thrombus grade scale < 0.001 5.43 3.11–9.47 < 0.001 3.90 2.03–7.47

C-reactive protein < 0.001 1.10 1.19–1.60 0.018 1.06 1.01–1.11

NLR < 0.001 1.09 1.04–1.15

PLR < 0.001 1.01 1.00–1.01 0.003 1.01 1.00–1.01

NLR – Neutrophil/lymphocyte ratio, PLR – platelet/lymphocyte ratio, OR – odds ratio, CI – confidence interval.

Table IV. Effects of multiple variables on in-hospital MACE in univariate and multivariate logistic regression 
analyses

Variable Univariate Multivariate

 Value of p OR 95% CI  Value of p OR 95% CI

Diabetes 0.082 1.87 0.91–3.82

Previous CAD 0.028 2.34 1.07–5.10

LVEF 0.025 0.96 0.92–0.99

Hospitalization 0.003 1.31 1.09–1.56

b-Blocker 0.012 2.37 1.19–4.75

Cardiogenic shock < 0.001 33.9 6.89–167 0.012 8.94 1.62–49.3

TIMI thrombus grade scale 0.001 3.30 1.63–6.65

No-reflow < 0.001 8.00 3.85–16.6 0.001 4.16 1.84–9.39

C-reactive protein < 0.001 1.12 1.06–1.17 0.005 1.08 1.02–1.14

NLR < 0.001 1.10 1.04–1.60

PLR < 0.001 1.01 1.00–1.01 0.007 1.01 1.00–1.01
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Table V. Effects of various variables on long-term major adverse cardiac events in univariate and multivariate 
logistic regression analyses

Variable Univariate Multivariate

Value of p OR 95% CI Value of p OR 95% CI

Fasting glucose 0.034 1.00 1.00–1.01

Previous CAD 0.029 2.07 1.06–4.02

LVEF 0.047 0.97 0.94–1.00

Hospitalization < 0.001 1.35 1.16–1.57 0.008 1.30 1.07–1.60

b-Blocker 0.012 1.93 1.09–3.42

Aspirin 0.005 2.35 1.27–4.33

Cardiogenic shock 0.001 35.1 4.36–282

TIMI thrombus grade scale < 0.001 3.25 1.86–5.67

No-reflow < 0.001 9.14 5.00–16.7 < 0.001 4.82 2.45–9.48

C-reactive protein < 0.001 1.14 1.09–1.19 < 0.001 1.13 1.07–1.20

NLR < 0.001 1.12 1.06–1.17

PLR < 0.001 1.01 1.00–1.01 < 0.001 1.01 1.00–1.01

Table VI. Effects of various variables on in-hospital mortality in univariate and multivariate logistic regression 
analyses

Variable Univariate Multivariate

Value of p OR 95% CI Value of p OR 95% CI

Fasting glucose 0.041 1.01 1.00–1.01

Cardiogenic shock < 0.001 50.4 11.7–218 < 0.001 20.4 3.98–105

TIMI thrombus grade scale 0.050 2.52 0.99–6.36

No-reflow < 0.001 14.0 4.53–43.5 0.001 7.57 2.21–25.9

C-reactive protein 0.001 1.10 1.04–1.17

NLR 0.001 1.11 1.04–1.17

PLR < 0.001 1.01 1.00–1.01 0.024 1.01 1.00–1.01

merous potential explanations of the development of 
no-reflow have been put forward, the significance of any 
single mechanism is not yet fully understood.

Increased PLR can be associated with the no-reflow 
phenomenon. Platelet-induced inflammatory processes 
might play a  pivotal role in atherothrombosis [17]. In-
creased platelet counts may reflect underlying inflam-
mation as several inflammatory mediators stimulate 
megakaryocytic proliferation and produce relative throm-
bocytosis. Activated platelets release inflammatory and 
mitogenic substances into the local microenvironment, 
which would promote the recruitment of more platelets 
and leukocytes [17, 18]. The rush of platelets and neutro-
phils that follows reperfusion may lead to the formation 
of neutrophil-platelet aggregates that plug the microcir-
culation and reperfusion-related injury [19]. A  positive 

correlation was found between the acute phase reactants 
and proinflammatory proteins (CRP, interleukin (IL)-1,  
IL-6, and tumor necrosis factor a) and an elevated plate-
let count in nonspecific inflammatory conditions [20]. 

In addition, recent studies have shown that patients 
with CAD have increased platelet and monocyte aggre-
gates in their bloodstream, which was associated with 
plaque instability, worse in-hospital outcomes, and in-
creased risk of future cardiac events [21, 22]. On the 
other hand, elevated numbers of lymphocytes have also 
been speculated to be related to an increase in plaque 
stability [23]. Previous studies reported that lymphocyto-
penia was independently related to mechanical compli-
cations and mortality in patients with acute myocardial 
infarction [24, 25].
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The other underlying mechanism of no-reflow may be 
related to excess thrombotic status. Intracoronary throm-
bus and high thrombus burden have an important role in 
occurrence of no-reflow [4]. In addition, previous studies 
suggested that treatments such as glycoprotein IIb/IIIa 
inhibitors, or procedures such as thrombectomy, which 
reduce thrombus burden, improve both epicardial and 
myocardial perfusion [26]. Release of various mediators 
such as IL-1 and IL-3 during the proinflammatory state 
causes megakaryocyte proliferation and an increase in 

Figure 1. Receiver operating characteristic curve 
of PLR for predicting long-term MACE
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Figure 2. Kaplan-Meier curves for long-term sur-
vival according to tertiles of PLR in the entire co-
hort of patients
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Table VII. Effects of various variables on long-term mortality in univariate and multivariate logistic regression 
analyses

Variable Univariate Multivariate

Value of p OR 95% CI Value of p OR 95% CI

Diabetes 0.042 2.03 1.03–4.02

LVEF 0.020 0.96 0.93–0.99

Hospitalization 0.006 1.27 1.07–1.51

Glycoprotein IIb/IIIa antagonist    0.024 2.11 1.10–4.05

Aspirin 0.030 2.20 1.08–4.48

Cardiogenic shock < 0.001 29.6 6.04–145 0.049 6.18 1.01–37.9

TIMI thrombus grade scale < 0.001 4.00 2.01–7.96

No-reflow < 0.001 21.6 9.37–49.7 < 0.001 13.2 5.40–32.6

C-reactive protein < 0.001 1.14 1.09–1.20 0.001 1.10 1.04–1.17

NLR < 0.001 1.11 1.05–1.17

PLR < 0.001 1.01 1.00–1.01 0.005 1.01 1.00–1.01

circulating platelet count [27, 28]. Thus, increased plate-
let counts may indicate enhanced thrombocyte activa-
tion and a prothrombotic state [29]. Alternatively, PLR is 
a combined marker of lymphocytopenia and thrombocy-
tosis and may better indicate no-reflow as well as mor-
tality.

In our study, we found that a significant relation be-
tween the TIMI thrombus burden scale and PLR as well 
as high thrombus burden is an independent predictor 
of no-reflow after p-PCI. Furthermore, Gürsoy et al. re-
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cently reported that increased PLR was an independent 
predictor for thrombosis in patients with prosthetic 
valve thrombosis [5]. It was speculated that higher PLR 
is a marker of excess prothrombotic status, as we were 
able to support this hypothesis in our study. Therefore, 
we believe that PLR is not only a biomarker which reflects 
acute inflammatory activity but also an indicator of the 
thrombus burden from which more distal culprit lesions 
clot, causing embolization. Large-scale future studies 
concerning no-reflow in patient with STEMI may high-
light the underlying mechanisms behind the prothrom-
botic and inflammatory effects of this novel hematologic 
parameter.

Azab et al. investigated the prognostic value of PLR 
in non-STEMI, by following patients for 4 years [7]. At 
follow-up, patients with PLR ≤ 118 had the lowest all-
cause mortality rate of 17%, whereas patients with PLR  
≥ 176 had 42% all-cause mortality. In another study, Temiz 
et al. found that NLR was not an independent predictor 
and that PLR ≥ 144 was a predictor of increased risk for 
in-hospital mortality in patients with STEMI treated with 
fibrinolytic therapy [8]. Ugur et al. found that patients 
with PLR ≥ 175 had a higher rate of 6-month all-cause 
deaths as compared with patients with PLR, but they did 
not find any correlation between PLR and in-hospital as 
well as one month mortality [30]. Cicek et al. found that 
a combination of PLR and NLR could identify high-risk pa-
tients undergoing pPCI and predict long-term mortality 
in STEMI, whereas NLR or PLR alone was not found to be 
an independent predictor of all-cause mortality [31]. Also, 
they did not find any significant relation between PLR and 
MACE. In the present study, 304 patients with STEMI who 
underwent primary PCI from a single center registry were 
followed up to 24 months (interquartile range: 22–26 
months). According to our results, high levels of PLR were 
independently correlated with in-hospital and long-term 
MACE among patients with STEMI who undergo p-PCI. 
Our study has some limitations; it is a single-center study 
with a small number of patients. However, our study pop-
ulation is a homogeneous group of unselected patients 
with STEMI undergoing p-PCI within 12 h from symptom 
onset, which is directly relevant to most patients under-
going p-PCI in the general population. There was an inde-
pendent association between b-blocker and ASA usage 
and the no-reflow phenomenon. This incidental finding 
in contrast to the expectation may be due to the small 
number of patients and population characteristics such 
as the high incidence of patients with a history of coro-
nary artery disease in the no-reflow group. The odds ratio 
of PLR (1.01) for in-hospital and long-term major adverse 
cardiac events was found to be low, which may seem 
weak in statistical analysis. The odds ratio of PLR = 1.01 
means that each 1 unit increase in PLR results in a 1% 
increase in mortality risk, since PLR values are large num-
bers (ranging: 16–1267). These results are statistically 
significant. When we assign patients to high and low PLR 

groups, statistical analysis results in an OR = 3.16 (95% 
CI: 1.56–6.42) for long-term MACE, which means that be-
ing in the high PLR group increases the risk of long-term 
MACE development 3.16-fold.

Conclusions
The present study results demonstrated that PLR is 

a simple and readily available biomarker, and is an inde-
pendent predictor of in-hospital and long-term mortality 
in patients with STEMI undergoing p-PCI. It may also en-
able risk stratification and selection of a treatment strat-
egy in patients with STEMI prior to or during coronary 
interventional procedures. The prognostic role of this pa-
rameter in STEMI and related complications should be 
investigated in future trials.
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