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Abstract Prior studies demonstrated the association
between the major adverse cardiovascular outcomes and
both higher platelet and lower lymphocyte counts. Our study
explores the value of the platelet/lymphocyte ratio (PLR) asa
marker of long-term mortality in patients presented with
non-ST segment elevation myocardial infarction (NSTEMI).
This is an observational study with a total 619 NSTEMI
patients admitted to a tertiary center between 2004 and 2006.
Patients were stratified into equal tertiles according to their
admission PLR. The primary outcome, 4 year all-cause
mortality, was compared among the PLR tertiles. The first,
second and third PLR tertiles were PLR < 118.4,
118.4 < PLR < 176, and PLR > 176, respectively) inclu-
ded 206, 206 and 207 patients, respectively. There was a
significant higher 4 year all-cause mortality in the higher
PLR tertiles (the mortalities were 17, 23 and 42 % for the
first, second and third PLR tertiles respectively, p < 0.0001).
After exclusion of patients expired in the first 30 days,
patients in the first PLR tertile had a significant lower 4 year
mortality (33/205, 16 %) versus those in the third PLR tertile
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(72/192, 38 %), p < 0.0001. After controlling for Global
Registry of Acute Coronary Events risk scores and other
confounders, the hazard ratio of mortality increased 2 % per
each 10 Units increase of PLR (95 % CI 1.01-1.03,
p < 0.0001). In patients with PLR > 176, the mortality rate
was statistically higher in those received mono-antiplatelet
(30/60 = 50 %) compared to those received dual antiplate-
let therapy (48/149 = 32 %), p = 0.0018. However in
PLR < 176, the mortality was not significantly different
between mono-antiplatelet group (20/94 = 21 %) versus
dual antiplatelets group (53/213 = 25 %), p = 0.56. The
PLR is a significant independent predictor of long-term
mortality after NSTEMI. Among patients with PLR > 176,
patients with dual antiplatelet therapy had lower mortality
versus those with mono-platelet therapy. Further studies are
needed to clarify these findings.

Keywords PLR - Platelet lymphocyte ratio - NSTEMI -
Mortality
Introduction

Previous studies demonstrated the association between
elevated peripheral blood platelet count and major adverse
cardiovascular adverse outcomes [1-4]. Additionally, ele-
vated platelet count was independently associated with an
inadequate platelet response to aspirin [5]. On the contrary,
a low peripheral blood lymphocyte count was associated
with major adverse cardiovascular outcomes [6—10].
Interestingly, the platelet lymphocyte ratio (PLR) was
found to be a significant inflammatory marker to predict
mortality in cancer population [11-13]. The aim of our
study was to investigate the usefulness of PLR in predict-
ing the long-term mortality in coronary artery disease using
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our non-ST segment elevation myocardial infarction
(NSTEMI) database.

Methods

Total of 619 patients from our NSTEMI/neutrophil lym-
phocyte ratio (NLR) database [14] was studied to investi-
gate the predictive value of PLR on all-cause long-term
mortality. The patients were discharged from the only
tertiary angioplasty center in Staten Island, between Sep-
tember 2004 and December 2006. Inclusion and exclusion
criteria for the study subjects are shown in Table 1. Our
primary end-point, all-cause 4 year mortality, was assessed
by reviewing the electronic medical record and the social
security death index till February 2011.

Complete blood count was obtained from the initial
(within 1 h of admission), second and last blood cells counts
in the same index hospitalization and was determined by the
Coulter counter technique (Coulter Gen.S Hematology
Analyzer, Beckman Coulter Corp, Hialeah, Florida). Serum
chemistries were determined by Beckman coulter (Syn-
chron® system, Anaheim, California). The medical record
for each patient was independently reviewed by two physi-
cians for the baseline characteristics, clinical presentation
and the modalities of management (Table. 2). The left ven-
tricular ejection fraction was retrieved from the echocardi-
ography reports. Positive smoking status included both
current and prior smokers. The appropriate discharge and
admission Global Registry of Acute Coronary Events
(GRACE) scores [15] were calculated for each index case.
The GRACE score on discharge was used because of its
superiority and validity to predict up to 4 year mortality [16].
GRACE score on discharge was calculated from the fol-
lowing variables: age, systolic pressure, heart rate, history of
congestive heart failure, serum creatinine, cardiac enzyme
status, presence of ST segment deviation, past history of
myocardial infarction, in-hospital coronary bypass surgery

(CABG) or in-hospital percutaneous angioplasty (PCI). The
study design protocol was approved by our institution review
board.

Statistical considerations

The primary aim of this study was to determine the use-
fulness of PLR in predicting mortality in NSTEMI popu-
lation (n = 619 subjects). For ease of interpretation and for
clinical relevance the admission PLR, calculated as platelet
count/lymphocyte count, was divided into tertiles as fol-
lows: first tertile (206 patients) with PLR < 118, second
tertile (206 patients) with PLR > 118 or < 176 and the
third tertile (207 patients) with PLR > 176. The chi-square
test or Fisher’s exact test was used to compare these three
groups for categorical variables and analysis of variance
(ANOVA) was used for continuous variables (Table 2).
The analysis of mortality was accomplished by applying
standard methods of survival analysis, i.e., computing the
Kaplan—Meier product limit curves (Fig. 1), where the data
was stratified by PLR tertiles. The three PLR groups were
compared using the log-rank test. A univariate screen of all
potential predictors of mortality using a separate Cox
proportional hazards model for each variable was per-
formed (Tables 3 and 4). The GRACE score was divided
into low risk (<108), moderate risk (108—141), and high
risk (>141). Those variables that were found to be statis-
tically significant (p < 0.10) as well as clinically mean-
ingful in the univariate analyses were included in the
multivariate model. Backwards selection was used to
remove variables which did not significantly contribute
information to this model, given other factors included in
the model. The purpose of the study was to determine the
predictive ability of admission PLR in the presence of other
multiple predictor variables. To meet this objective,
admission PLR was forced into the final multivariate model
in conjunction with the other set of significant predictor
variables from the model selection procedure.

Table 1 Study inclusion and

. 0. Inclusion criteria
exclusion criteria

Exclusion criteria

Documented gradual rise and fall of serum troponin

Age older than 85 years

levels with a peak value of >0.5 ng/ml

The NSTEMI diagnosis was confirmed by a

cardiologist

Available complete blood count on the day of

presentation

Note: patients were included if
they met all the inclusion
criteria and they were excluded
if they have any of the exclusion
criteria

Clinical evidence of active infection

Active cancer or hematological proliferative
diseases

Active or chronic inflammatory or autoimmune
diseases

Steroid therapy or chemotherapy around the index
diagnosis

Negative cardiac enzymes or concomitant ST
segment elevation myocardial infarction
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Table 2 Baseline characteristics of the NSTEMI population according to PLR tertiles
Variables PLR < 1184 118.4 < PLR < 176.0 PLR > 176.0 p Value
(N = 206) (N = 206) (N = 207)
Age (years) 61.1 £0.8 64.1 £09 68.3 £ 09 <0.0001
Male 152(73.8 %) 138(67.0 %) 127(61.4 %) 0.03
Race (White) 181(93.8 %) 174(91.6 %) 187(94.9) 0.4
Prior cerebrovascular event 7(3.4 %) 11(5.3 %) 23(11.1 %) <0.01
Prior heart failure 31(15.1 %) 36(17.5 %) 49(23.7 %) 0.07
Prior coronary bypass 34(16.5 %) 37(18.0 %) 38(18.4 %) 0.87
Prior angioplasty 46(22.3 %) 39(18.9 %) 44(21.3 %) 0.67
Hypertension 138(67.0 %) 152(73.8 %) 153(73.9 %) 0.2
Diabetes mellitus 61(29.6 %) 73(35.4 %) 84(40.6 %) 0.07
End stage renal disease 4(1.9 %) 7(3.4 %) 9(4.4 %) 0.38
Myocardial infarction 60(29.1 %) 65(31.6 %) 68(32.9 %) 0.71
Smoking 131(63.6 %) 11(56.8 %) 101(48.8 %) 0.01
Presentation
Body mass index (kg/m?) 30.0 +£ 04 293 + 04 28.1 £ 04 0.01
ST deviation 64((31.1 %) 70(34.0 %) 86(41.6 %) 0.07
Atrial fibrillation 14(6.8 %) 13(6.3 %) 25(12.1 %) 0.07
Killip IIT or IV 5(2.4 %) 5(2.4 %) 1909.2 %) <0.001
Ejection fraction (%) 46.7 + 0.8 454 + 09 445 + 1.0 0.22
Systolic blood pressure 140.0 = 1.9 142.8 + 1.9 141.0 £ 2.0 0.59
Heart rate 76.8 £ 1.3 769 £ 1.3 85.8 + 1.7 <0.0001
GRACE score (on admission) 1234 £ 22 1293 £ 2.1 148.2 £ 2.7 <0.0001
GRACE score (at discharge) 1043 £ 2.0 1075 £ 24 1199 £ 2.6 <0.0001
In-hospital management
Aspirin 202(98.1 %) 197(95.6 %) 191(92.3 %) 0.02
Beta blockers 191(92.7 %) 189(91.8 %) 182(87.9 %) 0.2
Clopidogrel 158(76.7 %) 165(80.1 %) 144(69.6 %) 0.04
Statins 181(87.9 %) 168(82.0 %) 176(85.4 %) 0.24
Anti-RAS 103(50.0 %) 113(54.9 %) 114(55.1 %) 0.51
Warfarin 16(7.8 %) 17(8.3 %) 27(13.0 %) 0.13
Coronary graft bypass 48(23.3 %) 49(23.8 %) 51(24.6 %) 0.95
Angioplasty 110(53.4 %) 100(48.5 %) 74(35.8 %) <0.001
In-hospital laboratory data
Leukocyte (k/cc) 9.4+ 0.2 8.8+ 0.2 9.7+ 0.2 0.03
Platelet (k/cc) 2194 £ 39 2484 + 4.9 297.1 £ 7.1 <0.0001
Lymphocyte (k/cc) 2.6 £0.1 1.7 £ 0.0 1.1 £0.0 <0.0001
Mean platelet volume (femtoliter) 8.8 £ 0.1 8.5+ 0.1 8.2 £ 0.1 <0.0001
Hemoglobin (gm/dl) 142 + 0.1 13.6 + 0.1 12.7 £ 0.2 <0.0001
Low density lipoprotein(mg/dl) 111.5 £ 3.8 1124 £ 32 112.5 £ 3.7 0.97
Peak troponin (ng/ml) 88+ 1.2 73+£12 94+ 14 0.48
Serum glucose (mg/dl) 1515 £52 152.6 £ 6.3 164.81.4 £ 6.2 0.22
Serum creatinine (mg/dl) 1.1 £ 0.1 1.3 £ 0.1 1.4 + 0.1 0.02

Data are presented in either means and standard errors or frequencies and percentages. GRACE Global Registry Of Acute Coronary Events,
N number, PLR platelet lymphocyte ratio, RAS rennin angiotensin system

Admission PLR, along with 16 other candidate variables
(i.e. categorical GRACE, history of congestive heart failure,
admission hemoglobin, use of aspirin or clopidogrel, prior
CABG, prior PCI, ejection fraction, diabetes mellitus, end-
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stage kidney disease, use of warfarin, history of cerebro-
vascular events, use of statin, serum glucose, history of
hypertension, atrial fibrillation, and body mass index) were
included in the selection process as they were potential risk
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factors associated with mortality. Admission platelet count
and lymphocyte count were excluded from the selection
process as they are used in the calculation of admission PLR.
Age, admission creatinine, history of congestive heart fail-
ure, systolic blood pressure, pulse, in-hospital angioplasty,
in-hospital CABG, ST deviation, and history of myocardial
infarction were also excluded from the selection process as
they are used in the calculation of the GRACE score. Our
final model included k = 8 predictors (Table 3). In addition,

Product-Limit Survival Estimates

i O =
R o
Ta R
e o ST

0.8 fa 3 """“""‘""ﬁk-‘"&"—t::"
= - ey
E *»
=

it

T 06 e,
2 -
a
E]
s 0.4+
=]
7]

0.2

u.u_ T T T T T

0 500 1000 1500 2000 2500
Days
[PLRten ——— 1)PLR<= 1181 — — — 2)PLR (118.1-176.0] — - — 3)PLR>1760]

Fig. 1 Kaplan—-Meier survival curves of 4 year mortality post-
NSTEMI according to PLR tertiles. NSTEMI non ST segment
elevation myocardial infarction, PLR platelet lymphocyte ratio. Log-
rank test: chi-square= 43.25, p < 0.0001

to prove the superiority of PLR over other hemogram
parameters, we built separate multivariate models for other
hemogram parameters (total WBC count, neutrophil count,
platelet count and lymphocyte count) by including that
parameter and the same confounding variables (without
PLR) in that model (Table 5). We ran additional sets of
stratified analysis to evaluate the predictive value of PLR in
patients with different ranges of lymphocyte and platelet
count and age, in order to evaluate whether PLR is inde-
pendent of lymphopenia, high platelet count and age in
predicting mortality. In order to evaluate any association
between the highest tertile of PLR (PLR > 176 vs.
PLR <176) and type of antiplatelet therapy received (mono
vs. dual antiplatelet therapy) in predicting mortality, we
performed subgroup analysis of PLR in the two antiplatelet
therapy subgroups. Two tailed Fisher’s exact tests were used
to compare these subgroups. All analyses were performed
using SAS version 9.2 (SAS Institute; Cary, NC). A result
was considered statistically significant at the p < 0.05 level
of significance.

Results
Baseline characteristics

Table 2 demonstrates the baseline characteristics of our
NSTEMI patients sorted by their PLR tertiles. The patients

Table 3 Unadjusted and adjusted Cox proportional hazards models for post-NSTEMI 4 year all-cause mortality

Parameter Unadjusted Adjusted*

Hazard ratio 95 % Confidence interval p Value Hazard ratio 95 % Confidence interval p Value
Admission PLR (unit = 10) 1.03 1.02-1.04 <0.0001 1.02 1.01-1.03 0.001
GRACE moderate versus low risk ~ 4.17 2.46-7.05 <0.0001 3.55 2.09-6.06 <0.001
High versus low risk 13.30 8.1-21.84 <0.0001 8.42 5.02-14.14 <0.001
Use of aspirin or clopidogrel 0.13 0.07-0.24 <0.0001 0.36 0.17-0.74 0.006
Prior coronary bypass surgery 2.70 1.94-3.75 <0.0001 1.74 1.24-2.44 0.001
Diabetes mellitus 241 1.77-3.29 <0.0001 1.85 1.35-2.56 <0.001
Use of statin 0.47 0.33-0.67 <0.0001 0.52 0.35-0.76 0.001
End stage renal disease 4.03 2.32-6.99 <0.0001 1.89 1.02-3.48 0.043
Prior cerebrovascular events 2.77 1.77-4.35 <0.0001 1.98 1.24-3.17 0.004
In-hospital coronary angioplasty 0.34 0.24-0.46 <0.0001 NS
Hemoglobin on admission 0.76 0.70-0.82 <0.0001 NS
Serum glucose on admission 1.003 1.001-1.004 <0.0001 NS
Ejection fraction 0.97 0.96-0.98 <0.0001 NS
Warfarin 2.55 1.71-3.79 <0.0001 NS
Hypertension 1.86 1.25-2.77 0.0021 NS
Atrial fibrillation 2.12 1.37-3.25 0.0008 NS
Body mass index 0.98 0.95-1.002 0.0743 NS

NSTEMI non ST segment elevation myocardial infarction, PLR platelet lymphocyte ratio, GRACE Global Registry Of Acute Coronary Events

* Multivariable Cox model adjusted for all variables in the final model selected using backwards selection
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in the highest PLR tertile (PLR > 176) were significantly
older with higher prevalence of female gender and cere-
brovascular events but lower frequency of smoking and
lower body mass index compared to those in the lowest
PLR tertile (PLR < 118.4). Additionally, patients in the
highest PLR tertile had a worse presentation than those in
the lowest PLR tertile (i.e. higher GRACE score and more
prevalence of Killip class > 3). According to the admis-
sion laboratory work-up, patients in the highest PLR tertile
(PLR > 176) had significantly higher serum creatinine but
lower mean platelet volume and hemoglobin level than
those in the lowest PLR tertile. We also observed among
the patients within the highest PLR tertile a lower rate of
aspirin, clopidogrel, and in-hospital coronary angioplasty
treatments in comparison to those in the lowest PLR tertile.

The primary outcome according the PLR tertiles

Of the 619 included patients, 155 died (27.1 %) over an
average 55 months follow-up period. The 4 year all-cause
mortality were 17, 23 and 42 % for the first,second and
third PLR tertiles respectively, p < 0.0001. Likewise, the
Kaplan—-Meier curves of the all-cause mortality for the
three PLR tertiles demonstrated significant higher mortality
in the highest PLR tertile in comparison to the lower two
PLR tertiles, log-rank test chi-square = 43.25, p < 0.0001
(Fig. 1). Interestingly, after exclusion of patients expiring
in the first 30 days (n = 22), the patients in the first PLR
tertile still had a significant lower 4 year mortality (33/205,
16 %) compared to those in the third PLR tertile (72/192,
38 %), p < 0.0001. Similarly, we repeated this analysis
after excluding patients dying in the first 6 months post
NSTEMI (n = 44), and the patients in the first PLR tertile
continued to have a significantly lower mortality compared
to those in the third tertile (15 vs. 33 %, p < 0.001).
Table 3 shows all potential predictors of mortality with
p < 0.1 in the univariate screen using separate Cox pro-
portional hazards models.

Multivariate model

After controlling for 16 confounding variables (Table 4),
PLR remained independent predictor of higher 4 year
mortality. The hazard ratio of mortality increases by 1.02
per each ten unit increase of PLR (95 % CI 1.01-1.03,
p < 0.0001). After transforming PLR from a continuous to
a categorical variable defined by three tertiles, we repeated
the multivariate analysis using the same confounding
variables. It showed that the highest tertile of PLR
remained a significant predictor of 4 year mortality, with a
hazard ratio of 1.65 (1.08-2.51, p = 0.02) between third
and first tertile and HR of 1.62 (1.15-2.26, p = 0.005)
between the third tertile versus bottom two tertiles
(Table 4). Thus, those in the highest tertile of PLR
(PLR > 176) had a 62 % higher mortality compared to
those in the lower two tertiles (PLR <176).

Table 5 shows multivariate models built using other
hemogram parameters. In the univariate screen, absolute
neutrophil count, absolute lymphocyte count, lymphopenia
(absolute lymphocyte count < 1.5 k/ml) and high platelet
count (defined as greater than 75th percentile i.e.
> = 300,000/ml), but not total WBC count or admission
platelet count, were significant predictors of mortality. In
multivariate models, total WBC count, absolute neutrophil
count on admission and absolute lymphocyte count were no
longer significant predictors of mortality whereas admission
platelet count, although not significant in the univariate
screen, became significant. Lymphopenia and high platelet
count remained significant predictors in the multivariate
models. However, after forcing lymphopenia in Cox regres-
sion model of admission PLR and other co-variates, HR of
lymphopenia became non-significant and HR of PLR
remained significant at p = 0.014. Similarly, after forcing
admission platelet count in the Cox regression model, HR of
platelet count became non-significant and HR of PLR
remained significant at p = 0.015. This shows that predictive
value of PLR is independent of lymphocyte or platelet counts

Table 4 Multivariate Cox
proportional hazards model for

4 year post NSTEMI mortality
using PLR tertiles

NSTEMI non ST segment

Parameter Hazard ratio 95 % Confidence interval p Value
PLR (second vs. first) 1.04 0.65-1.64 0.877
(third vs. first) 1.65 1.08-2.51 0.020
(third vs. lower two tertiles) 1.62 1.15-2.26 0.005
GRACE moderate versus low risk 3.46 2.02-5.90 <0.001
High versus low risk 8.06 4.78-13.59 <0.001
Use of aspirin or clopidogrel 0.32 0.16-0.65 0.001
Prior coronary bypass surgery 1.78 1.26-2.50 0.001
Diabetes mellitus 1.77 1.28-2.45 0.001
Use of statin 0.51 0.35-0.75 0.001
End stage renal disease 2.09 1.13-3.85 0.017
Prior cerebrovascular events 1.92 1.19-3.08 0.007

elevation myocardial infarction,
PLR platelet lymphocyte ratio
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Table 5 Univariate and multivariate models for predicting 4 year mortality post-NSTEMI using different hemogram parameters
Hemogram parameter Univariate 95 % Confidence p Value Multivariate 95 % CI p Value
HR interval HR
Admission PLR (third vs. first tertile) 3.04 2.04-4.51 <0.0001 1.65 1.08-2.51  0.020
Admission PLR (third vs. bottom two tertile)  2.68 1.97-3.65 <0.0001 1.62 1.15-2.26  0.005
Admission PLR (unit = 10) 1.03 1.02-1.04 <0.0001 1.02 1.02-1.03  0.001
WBC count on admission 1.03 0.98-1.08 0.254 1.03 0.98-1.07 022
Neutrophil count on admission 1.07 1.02-1.12 0.003 1.04 0.99-1.09 0.08
Lymphocyte count on admission 0.513 0.406-0.649 <0.0001 0.87 0.70-1.08 0.2
Lymphopenia on admission (normal vs. 0.39 0.28-0.52 <0.001 0.70 0.51-0.98  0.037
<1.5 k/cc)

Platelet count on admission 1.001 0.999-1.003 0.2 1.002 1.0001-1.003 0.033
High platelet count (> = 300 k/cc) 1.52 1.09-2.12 0.015 145 1.03-2.06  0.034
Mean platelet volume on admission 0.998 0.858-1160 0.97 0.93 0.80-1.07  0.31
NSTEMI non ST segment elevation myocardial infarction, PLR platelet lymphocyte ratio
taken individually. In order to further assess the possible 50% -
confounding effect of different ranges of lymphocyte and 4% P=0.03 % P=0.009
platelet count on PLR, we performed a stratified analysis. 40% -

359% A — 33%
Stratified subgroup analyses 30% A

25%
Long-term mortality according PLR and lymphocyte count 20% 6%
subgroups 15% -

10% -
Since low lymphocyte count was significantly associated 5% 1
with a higher mortality in the Cox proportional hazard 0% -

model, we decided to perform a stratified analysis to eval-
uate the relationship between PLR and mortality in two
lymphocyte subgroups: normal lymphocyte count i.e.
>1.5 k/cc (n = 390) and lymphopenia i.e. lymphocyte count
<1.5 k/cc (n = 220). We compared the highest tertile of
PLR (PLR > 176) with the two lower tertiles (PLR < 176).
In the subgroup with lymphocyte count >1.5 k/cc, there was
a significant higher 4 year mortality among the patients with
PLR > 176 (16/49 = 33 %) compared to those with
PLR < 176 (55/341 = 16 %), p = 0.009. In the subgroup
of lymphocyte count <1.5k/cc, the patients with
PLR > 176 still had a higher 4 year mortality rate than
patients with PLR < 176 (45 vs. 30 %, p = 0.03) (Fig. 2).
This shows that the effect of PLR on mortality is indepen-
dent of the lymphocyte count and it persists in the subgroup
of patients with lymphopenia on admission.

Long-term mortality according PLR and platelet count
subgroups

Since high platelet count (greater than 75th percentile or
> = 300,000/ml) was associated with a higher mortality in
the Cox regression model, we decided to perform a strat-
ified analysis to evaluate the relationship between PLR and
mortality in two platelet count subgroups. In the subgroup

Lymphocyte<1.5k/cc Lymphocyte>1.5k/cc
PLR<176 M PLRz 176

Fig. 2 The 4 year mortality in the NSTEMI patients according to
lymphocyte count and PLR. NSTEMI non ST segment elevation
myocardial infarction, PLR platelet lymphocyte ratio. Lymphocyte
count in k/cc. p values according the two tailed Fisher’s exact test

with platelet count <300,000/ml (n = 476), patients with
PLR > 176 had significantly higher mortality compared to
patients with PLR < 176 (43 % vs. 18 %, chi-square
p < 0.001). This effect persisted in the subgroup of platelet
count >300,000/ml (n = 146), with mortality 41 % in
highest PLR tertile versus 21 % in the lower two tertiles
(p = 0.017) (Fig. 3).

Long-term mortality according PLR and age subgroups

Since higher PLR was associate with a greater age, we decided
to perform a stratified analysis to evaluate the effect of PLR in
two age sub-groups of age <65 years (n = 318) and age
>65 years (n = 301).In the younger subgroup (patients
<65 years), those with PLR > 176 had a significant higher
mortality in comparison to the patients with PLR <176 (19/
79 = 24 % vs. 16/239 = 7 %, respectively, p < 0.0001), an
effect which persisted in the older subgroup of patients
>65 years (mortality 53 vs. 35 % p = 0.001, Fig. 4).
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50% 5
5% P<0.001  43% P=0.017

a1%
40%
35% -
30%
25% 4 1%
2o 18%
15%
10%
5%
0% - i

Platelet<300,000/ml Platelet>300,000/ml
PLR< 176 M PLRz 176

Fig. 3 The 4 year mortality in the NSTEMI patients according to
platelet count and PLR. NSTEMI non ST segment elevation
myocardial infarction, PLR platelet lymphocyte ratio. p values
according the two tailed Fisher’s exact test

60% -

P<0.0001 P=0.001 53%

50% -
40%

30%

35%
24%
20%
10% - 7%
0% A ’ .

4-year mortality in patients < 65year 4-year mortality in patients > 65 year

PLR< 176 M PLR> 176

Fig. 4 The 4 year mortality in the NSTEMI patients according to age
and PLR subgroups. NSTEMI non ST segment elevation myocardial
infarction, PLR platelet lymphocyte ratio. p values according the two
tailed Fisher’s exact test

Long-term mortality according PLR and anti-platelets
subgroups

In the group with PLR > 176, the mortality rate was sta-
tistically higher in those received mono- antiplatelet (30/
60 = 50 %) compared to those received dual antiplatelet
therapy (48/149 = 32 %), p = 0.00184. However among
the patients with PLR < 176, the mortality was not sta-
tistically significant between patients received mono-anti-
platelet therapy (20/94 = 21 %) versus those received dual
antiplatelets (53/213 = 25 %), p = 0.5618.

Discussion
The main finding

Our study’s main finding was that higher PLR is an inde-
pendent significant predictor of long-term mortality after

@ Springer

NSTEM]I, even after adjusting for the possible confounding
predictors. This association between PLR and survival
status was not solely explained by lymphopenia as the
same finding was noticed among patients with normal
lymphocyte count (i.e. >1.5 k/cc). Interestingly, after
exclusion of the patients that died in the first 30 days as
well as first 6 months post-NSTEMI, PLR > 176 remained
a significant predictor of 4 year all-cause mortality. These
findings highlight that elevated PLR is a predictor of long-
term mortality rather than just a marker of an acute medical
condition. Although there was a significant higher fre-
quency of some of the cardiovascular risk factors among
patients with high PLR, this did not affect the significant
association between PLR and mortality in the multivariate
analysis.

Superiority of PLR to separate platelet or lymphocyte
counts

While some studies demonstrated the association between
higher platelet count and adverse outcomes [1-4], Muller
et al. in their large observational study failed to demon-
strate an association between platelet count and mortality
in patients with acute coronary syndrome [17]. High
platelet counts may represent higher degree of antiplatelet
drug resistance and higher propensity to form platelet rich
thrombi on atherosclerotic plaques, leading to worse out-
comes. Moreover, higher platelet counts may reflect
underlying inflammation as several inflammatory media-
tors stimulate megakaryocytic proliferation and produce
relative thrombocytosis. Moreover, studies have shown
patients with CAD to have increased levels platelet
monocyte aggregates (PMA) in their bloodstream, which
correlate with plaque stability [18, 19]. Elevated levels of
PMA in NSTEMI patients has been shown to be associated
with worse in-hospital outcomes and increased risk of
future cardiac events [20]. Previously studies have shown
that a low lymphocyte count has been associated with an
adverse mortality/CV outcome in patients with chest pain,
stable CAD [9], unstable angina [8] as well as CHF [10].
The underlying mechanism behind this is speculative. It
has been proposed that in response to physiologic stress
during myocardial ischemia/infarction, there is release of
cortisol. High cortisol leads to lymphopenia [21]. High
level of physiologic stress means high level of cortisol
which can be translated as a lower lymphocyte count. On
the contrary, higher lymphocyte count represents a more
appropriate immune response and a stable, quiescent
inflammatory pathway [8]. Hence a low lymphocyte count
is associated with worse outcomes in NSTEMI patients. In
our study, we did have a significant association between
lower lymphocyte count and higher platelet count with
higher mortality; however we showed that the effect of
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PLR on mortality was independent of platelet or lympho-
cyte counts alone. We speculate two factors that explain
the superiority of PLR to either individual lymphocyte or
platelet counts. First, the stability of PLR compared to the
absolute platelet or lymphocyte counts, which could be
altered by many physiological and pathological conditions.
Secondly and most importantly, the PLR represent two
inversely related predictors and immune pathways. We
hypothesize that higher platelet count is a marker of
ongoing destructive inflammatory response and prothrom-
botic status. A positive correlation was found between the
acute phase reactants and proinflammatory proteins (C
reactive protein, tumor necrosis factor alpha, interleukin-1,
and IL-6) and the elevated platelet count in nonspecific
inflammatory conditions [22, 23]. Moreover, Lord-
kipanidz€ et al. [5] demonstrated that elevated platelet
count is an independent predictor of aspirin resistance.
Similarly, Narvaez et al. [24] found a significant higher
platelet count in patients with aspirin resistance versus
those without. On the other hand, lymphocytes represent a
quiescent and controlling inflammatory pathway. In cancer
patients, lymphocyte was responsible on the programmed
cell death, apoptosis [25]. We suggest that the lymphocyte-
mediated apoptosis is less destructive to the adjacent
myocardial cells compared to the uncontrolled ischemic
and inflammatory cell death models.

Relation between PLR and antiplatelet therapy

Interestingly, we observed a significant higher mortality in
patients with PLR > 176 who received mono-antiplatelet
therapy in comparison to those who received dual anti-
platelet therapy, whereas mono-versus dual antiplatelet
therapy showed no difference in mortality among those
with PLR < 176. This finding could be explained by the
association between high platelet count and resistance to
antiplatelet therapy [5, 24]; thereby suggesting that dual
antiplatelet therapy may be associated with better outcomes
compared to monotherapy, in the subgroup of NSTEMI
patients in the highest PLR tertile. While many laboratory
tools are emerging to measure the platelet responsiveness
to various antiplatelet therapies, we advocate that simple
tools in hemogram (i.e. complete blood count) will be
cheaper and more available tools for the daily practice. We
suggest the need for further evaluation of PLR and our
previous reported mean platelet volume/platelet ratio [26]
as predictors of responsiveness to antiplatelet therapies in
prospective and laboratory studies.

Limitations

This present study inherited the same limitations of our
NSTEMI/NLR database (i.e. an observational study,

missing other adverse outcomes than all-cause mortality),
lacking other data that could be relevant to the PLR (e.g.
platelet aggregation, inflammatory markers), the relatively
small number of high prevalent disease and single center
study. Moreover, using tertiles for PLR make the absolute
number of PLR associated with adverse outcomes
(PLR > 176) difficult to reproduce in other populations
which may have a different range of PLR. Despite these
limitations, we present the first study that focused on the
predictive value of PLR in NSTEMI patients.

Conclusion

The highest tertile of PLR (PLR > 176) is a significant
independent predictor of long-term (4 year) mortality after
NSTEMI. PLR > 176 remained significantly associated
with long-term mortality in NSTEMI patients after exclu-
sion of those who died within the first 30 days and those
who died in the first 6 months after the NSTEMI. In sub-
jects with PLR > 176, there was a significantly lower long-
term mortality among NSTEMI patients treated with dua-
lantiplatelet therapy compared to those with monotherapy.
Further studies are needed to validate these findings. A
larger, prospective, multi-center, study is needed to explain
the mechanisms for this association of the PLR with sur-
vival at the molecular level.
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