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of In-Hospital and Long-Term Outcomes in Patients With
ST-Segment Elevation Myocardial Infarction Undergoing
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Abstract

Background: ST-segment elevation myocardial infarction (STEMI)
is the most severe form of acute coronary syndrome (ACS) which is
associated with significant adverse outcomes. Platelet-to-lymphocyte
ratio (PLR) is a novel inflammatory biomarker that has been used as
a predictor of various cardiovascular diseases, including ACS. This
meta-analysis aimed to investigate the prognostic value of PLR as a
predictor of in-hospital and long-term outcomes in patients with STE-
MI undergoing primary percutaneous coronary intervention (PCI).

Methods: We performed a comprehensive systematic literature
search in the databases of PubMed, ScienceDirect, Cochrane Library,
and ProQuest for eligible studies. The primary outcomes were major
adverse cardiac events (MACEs) and mortality, both in-hospital and
long-term follow-up. The outcomes were compared between patients
with high and low admission PLR. The quality assessment was con-
ducted using the Newcastle-Ottawa scale. Review Manager 5.3 was
used to perform the meta-analysis.

Results: Six cohort studies involving 4,289 STEMI patients under-
going primary PCI were included in this meta-analysis. The pooled
analysis showed that a high PLR at admission was associated with in-
creased in-hospital MACE (odds ratio (OR) = 1.94, 95% confidence
interval (CI) = 1.56 - 2.40, P < 0.00001, 1> = 45%) and in-hospital
mortality (OR = 2.07; 95% CI = 1.53 - 2.80; P < 0.00001; I?> = 50%),

Manuscript submitted January 16, 2021, accepted January 23, 2021
Published online February 23, 2021

#Department of Emergency Medicine, Dr. Agoesdjam Regional Public Hospi-
tal, Ketapang, West Kalimantan, Indonesia

bFaculty of Medicine, Tanjungpura University, Pontianak, West Kalimantan,
Indonesia

“Department of Cardiology and Vascular Medicine, Dr. Agoesdjam Regional
Public Hospital, Ketapang, West Kalimantan, Indonesia

dCorresponding Author: Herick Alvenus Willim, Department of Emergency
Medicine, Dr. Agoesdjam Regional Public Hospital, Ketapang, West Kalim-
antan, Indonesia. Email: herick alvenus@yahoo.co.id

doi: https://doi.org/10.14740/cr1219

as well as increased long-term MACE (OR = 1.98; 95% CI = 1.31 -
3.00; P=10.001; I? = 72%) and long-term mortality (OR = 2.79; 95%
CI=1.45-5.36;P=0.002; I> = 83%).

Conclusions: In patients with STEMI undergoing primary PCI,
a high PLR at admission predicts in-hospital MACE and mortality
along with long-term MACE and mortality.

Keywords: Platelet-to-lymphocyte ratio; Major adverse cardiac
event; Mortality; ST-segment elevation myocardial infarction; Percu-
taneous coronary intervention

Introduction

Coronary heart disease (CHD) is recognized as the leading
cause of morbidity and mortality worldwide. One of the most
ominous manifestations of CHD is acute coronary syndrome
(ACS), a life-threatening condition characterized by the rupture
of the vulnerable atherosclerotic coronary plaque and subse-
quent thrombus formation, which leads to complete or incom-
plete occlusion of the coronary artery. ACS is the main cause
of death in patients with CHD [1]. The ACS spectrum includes
ST-segment elevation myocardial infarction (STEMI), non-ST-
segment elevation myocardial infarction (NSTEMI), and unsta-
ble angina pectoris (UAP). STEMI is the most severe form of
ACS, characterized by complete occlusion of the infarct-related
artery [2]. The incidence of STEMI varies worldwide. Accord-
ing to the European registry, the incidence of STEMI was esti-
mated at about 44 to 142 per 100,000 population per year [3].
Primary percutaneous coronary intervention (PCI) is the
gold standard for the management of STEMI, and it must be
performed as soon as possible to restore the coronary flow, re-
duce the infarct area, and improve the prognosis [4]. Although
primary PCI is effective in STEMI, some patients may still
have unfavorable outcomes, including acute heart failure, re-
infarction, stroke, repeat target vessel revascularization, and
death [5]. Therefore, useful predictors are needed to help pre-
dict the adverse outcomes and guide appropriate follow-up and
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management. Some inflammatory biomarkers, such as C-re-
active protein, interleukin-6, matrix metalloproteinase-9, and
cystatin-C have been identified as useful predictors of adverse
outcomes in patients with ACS, but these biomarkers are not
widely available or used in clinical practice [6-9].

Platelets and leukocytes have vital roles in the pathogen-
esis of STEMI. Platelet activation plays a significant role in
coronary thrombosis and occlusion after atherosclerotic plaque
rupture. Elevated platelet count is associated with increased
inflammation and platelet activation, which contributes to ad-
verse outcomes in patients with STEMI [10, 11]. In contrast,
lymphocytes have a protective role in inflammation and ath-
erosclerosis. Low lymphocyte count is associated with athero-
sclerosis progression and adverse outcomes in patients with
STEMI [12]. The platelet-to-lymphocyte ratio (PLR), which
is calculated by dividing the platelet counts by lymphocyte
counts, has recently been proposed as a novel inflammatory
biomarker and predictor of adverse outcomes in various car-
diovascular diseases. PLR reflects both inflammation and
thrombosis pathways and may be more valuable than either
platelet or lymphocyte counts alone in predicting prognosis.
PLR is a low-cost and widely available biomarker that can be
a potential predictor in ACS [13, 14].

Several studies have found that elevated PLR is a predic-
tor of poor prognosis in patients with ACS, including increased
major adverse cardiac events (MACE) and mortality [15-17].
To our knowledge, there is a lack of meta-analysis that investi-
gates the predictive value of PLR in the population of patients
with STEMI undergoing primary PCI. Hence, we performed
this meta-analysis to investigate the prognostic value of PLR
as a predictor of in-hospital and long-term outcomes in pa-
tients with STEMI undergoing primary PCI.

Materials and Methods

Search strategy

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [18]. We performed a comprehensive
systematic literature search in the PubMed, ScienceDirect,
Cochrane Library, and ProQuest databases for eligible stud-
ies published up to December 2020. The keywords used were

EERNA3

combination of “platelet-to-lymphocyte ratio”, “platelet to lym-
phocyte ratio”, “platelet lymphocyte ratio”, “PLR”, “acute cor-
onary syndrome”, “STEMI”, and “percutaneous coronary in-
tervention”. There was no country or language restriction in the
data search. In addition, the references of the relevant papers

were also searched manually for potential additional articles.

Inclusion and exclusion criteria

The inclusion criteria for eligible studies were as follows: 1)
cohort studies, either retrospective or prospective design; 2)
patients diagnosed with STEMI and treated by primary PCI;
3) PLR was calculated at admission (preprocedure) before the
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primary PCI, with a cut-off value for defining high or low PLR;
4) reported data on in-hospital or long-term outcomes, includ-
ing MACE and mortality, with outcomes comparison between
low and high PLR group; and 5) available as full text. The
exclusion criteria were as follows: 1) review articles, case re-
ports, editorials, letters, and meeting abstracts; 2) non-human
studies; and 3) studies with insufficient data for the estimation
of odds ratios (ORs) and 95% confidence intervals (Cls); and
4) overlapping or duplicate studies.

Outcome of interest and definitions

The outcomes were MACE and mortality, either in-hospital and
long-term follow-up. In-hospital MACE was defined as any
MACE that occurs during in-hospital period, including acute
heart failure, re-infarction, malignant arrhythmia, stroke, the
need for repeat target vessel revascularization, and cardiovascu-
lar death. In-hospital mortality was defined as any death, regard-
less of the cause, that occurs during in-hospital period. Long-term
MACE was defined as any MACE that occurs during follow-up
period after hospital discharge, including acute heart failure,
re-infarction, malignant arrhythmia, stroke, the need for repeat
target vessel revascularization, and cardiovascular death. Long-
term mortality was defined as any death, regardless of the cause,
that occurs during follow-up period after hospital discharge.

Data extraction

The data extraction from the relevant studies was performed
independently by two authors (HAW and JCH). Any differ-
ent decisions were resolved by discussion with the third author
(HC) as supervisor. From the included studies, the data were
extracted as follows: name of the first author, year of publica-
tion, country of origin, study design, sample size, mean age,
proportion of male patients, duration of follow-up, PLR cut-off
value, and outcome events.

Quality assessment

The included studies were independently assessed by two au-
thors (HAW and JCH). Any different decisions were resolved
once again by discussion with the third author (HC). The qual-
ity of each included study was systematically assessed using
the Newcastle-Ottawa Scale (NOS) [19]. The total score of
NOS was ranged from 0 to 9 based on the three aspects: selec-
tion (0 - 4 stars), comparability (0 - 2 stars), and outcome (0 - 3
stars). Studies with a total stars > 7 were considered as high
quality studies, 5 - 6 were considered as moderate quality stud-
ies, and < 4 were considered as low quality studies.

Statistical analysis

This meta-analysis was performed using Review Manager 5.3
software (The Nordic Cochrane Centre, Copenhagen). The
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Figure 1. Literature search flow chart. PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarc-

tion.

ORs and its corresponding 95% CI were calculated using the
Mantel-Haenszel method to evaluate the association between
admission PLR (high or low) and the clinical outcomes (in-
hospital MACE and mortality, as well as long-term MACE and
mortality). The heterogeneity of the included studies was as-
sessed using the Cochran’s Q Chi-square test and I? statistic. A
fixed-effects model was used to calculate the pooled ORs and
95% CIif P>0.05 and I? < 50%, which indicated no significant
heterogeneity. If P < 0.05 or I> > 50%, a random-effects model
was used to calculate the pooled ORs because of substantial
heterogeneity. A P value of < 0.05 was considered as statisti-
cally significant for all test statistics. Potential publication bias
was assessed using visual inspection of the funnel plots.

The Institutional Review Board approval was not required
since this study is a systematic review and meta-analysis. This
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well as with
the Helsinki Declaration.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

Results
Literature search

The systematic literature search from electronic databases
identified an initial total of 122 potential articles, six of which
were identified through manual hand-searching of relevant
literatures. Following duplication removal, 60 articles were
screened for the titles and abstracts. The remaining 17 articles
were reviewed for the full text and 11 articles were excluded.
Finally, six studies were included in our meta-analysis. Figure
1 shows the flow chart for the literature search process.

Study characteristics and quality assessment

There were six cohort studies with a total of 4,289 patients
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Table 1. Characteristics of the Studies Included in the Meta-Analysis

Sample Age Male

PLR

Study, year Country Design size ) (@) Follow-up duration cut-off Outcomes

Ayca et al, Turkey  RC 440 56 67 During hospitalization 137 In-hospital MACE, in-hospital mortality
2014 [20]

Ugur et al, Turkey IxC 639 56 85 6 months 175 In-hospital MACE, in-hospital mortality,
2014 [21] long-term MACE, long-term mortality
Cetin et al, Turkey PC 1,938 60 66 32 months 147 In-hospital MACE, in-hospital mortality,
2015 [22] long-term MACE, long-term mortality
Toprak etal, Turkey PC 304 60 81 24 months 217 In-hospital MACE, in-hospital mortality,
2015 [23] long-term MACE, long-term mortality
Hudzik et al, Poland PC 523 64 41 12 months 124 In-hospital mortality, long-term mortality
2015 [24]

Maimati et China RC 445 61 65 During hospitalization 165 In-hospital MACE, in-hospital mortality

al, 2019 [25]

PLR: platelet-to-lymphocyte ratio; RC: retrospective cohort; PC: prospective cohort; MACE: major adverse cardiac events.

included in this meta-analysis [20-25]. The studies were pub-
lished between 2014 and 2019. Two studies were retrospective
cohort studies and four studies were prospective cohort studies.
Four studies were carried out in Turkey [20-23], one in Poland
[24], and one in China [25]. The mean age ranged from 56 to 64
years old. The follow-up duration ranged from during hospitali-
zation to 32 months after discharged. The PLR cut-off values
were varied and determined using different methods in each
study, which ranged from 124 to 217. One study determined
the PLR cut-off value from the receiver operating characteristic
analysis [20], whereas five studies determined the PLR cut-off
value from the tertiles (third tertile versus lower tertile) [21-25].
The summary of the included studies are shown in Table 1 [20-
25]. For quality assessment of the included studies, we used the
NOS. The NOS quality stars ranged from eight to nine stars,
indicating generally high study quality (Table 2 [20-25]).

Association between PLR and in-hospital outcomes in pa-
tients with STEMI undergoing primary PCI

The association between PLR and in-hospital MACE was re-
ported in five studies, whereas the association between PLR
and in-hospital mortality was reported in six studies. The
pooled analysis with a fixed-effects model showed that com-
pared to those with low PLR at admission, patients with high
PLR had significantly increased risk of in-hospital MACE

(OR = 1.94; 95% CI = 1.56 - 2.40; P < 0.00001; I? = 45%)
and in-hospital mortality (OR =2.07; 95% CI = 1.53 - 2.80; P
<0.00001; I? = 50%). The forest plots are shown in Figure 2.

Association between PLR and long-term outcomes in pa-
tients with STEMI undergoing primary PCI

The association between PLR and long-term MACE was re-
ported in three studies, whereas the association between PLR
and long-term mortality was reported in four studies. The
pooled analysis with a random-effects model showed that
compared to those with low PLR at admission, patients with
high PLR had significantly increased risk of long-term MACE
(OR = 1.98; 95% CI = 1.31 - 3.00; P = 0.001; I? = 72%) and
long-term mortality (OR = 2.79; 95% CI = 1.45 - 5.36; P =
0.002; I? = 83%). The forest plots are shown in Figure 3.

Publication bias

The funnel plot of the association of PLR with in-hospital
MACE and in-hospital mortality showed symmetrical on in-
spection, suggesting low risk of publication bias (Fig. 4). The
funnel plot of the association of PLR with long-term MACE
and long-term mortality cannot be obtained due to the limited
number of included studies, thus the possible publication bias

Table 2. Quality Assessment of the Included Studies by Newcastle-Ottawa Scale

Study, year Selection Comparability Outcome Total rating
Ayca et al, 2014 [20] %* %k k * k * k 8%
Ugur et al, 2014 [21] % %k K * % kK 9%
Cetin et al, 2015 [22] % %k K * %k kK 9%
Toprak et al, 2015 [23] 2. 8.8, 8 9 %k 2.8, 8 ¢ 9%
Hudzik et al, 2015 [24] % %k K * %k * %k 8%
Maimati et al, 2019 [25] 1.8.8.8.¢ * %k * %k 8%
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a High PLR Low PLR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ayca 2014 30 158 17 281 8.8%  3.61[1.92,6.79 =
Cetin 2015 62 646 73 1292 387%  1.77[125,252] -
Maimati 2019 64 150 95 295 32.3%  1.57[1.04,2.39] Bl
Toprak 2015 22 10 17 203 7.8%  3.05[1.54,6.058 —
Ugur 2014 17 213 23 426 124%  1.52([0.79,291] S T
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Ayea 2014 13 158 723 8.4% 3.49[1.36,8.93]
Cetin 2015 26 646 27 1292 31.3% 1.96[1.14, 3.40] e
Hudzik 2015 3 174 39 349 386% 1.72[1.03, 2.87] -
Maimati 2019 4 150 2 295 24% 4.01([0.73,2217) =
Toprak 2015 14 101 6 203 6.2% 5.28[1.97,1421] —_—
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Figure 2. Forest plots of the association between PLR at admission and in-hospital outcomes in STEMI patients undergoing
primary PCI. (a) In-hospital MACE. (b) In-hospital mortality. PLR: platelet-to-lymphocyte ratio; PCI: percutaneous coronary in-
tervention; MACE: major adverse cardiac event; STEMI: ST-segment elevation myocardial infarction; Cl: confidence interval.

cannot be excluded.

Discussion

This systematic review and meta-analysis included six cohort

studies involving a total of 4,289 STEMI patients treated by
primary PCI. In pooled analysis we found that PLR was as-
sociated with both in-hospital and long-term outcomes. Com-
pared to those with low PLR at admission, patients with high
PLR had almost two-fold increased risk of in-hospital MACE,
about two-fold increased risk of in-hospital mortality, almost

a High PLR Low PLR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cetin 2015 136 646 165 1292 40.3% 1.96[1.52,2.52) L3
Toprak 2015 /1M 3203 257% 3.35(1.92,5.879) -
Ugur 2014 88 213 94 426 34.0% 1.351(0.93,1.97) T
Total (95% Cl) 960 1921 100.0% 1.98 [1.31, 3.00] Lo
Total events 233 280
Heterogeneity, Tau®= 0.08: Chi*= 7,15, df= 2 (P = 0.03); F= 72% t t y i
Test for overall efect Z= 322 (P= 0.001 G W i
estfor overall effect 2= 3.22 (P= 0.001) LowPLR HighPLR
High PLR LowPLR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cetin 2015 49 646 65 1292 27.8% 1.55[1.06, 2.27) Bl
Hudzik 2015 59 174 29 349 261% 5.66 [3.46,9.27) e
Toprak 2015 25 1M 18 203 233% 3.38[1.74,6.56) o
Ugur 2014 17 213 17 426 228% 209[1.04,4.17] —a—
Total (95% CI) 1134 2270 100.0% 2.79 [1.45, 5.36] -
Total events 160 129
Heterogeneity Tau®= 0.36; Chi*= 17 .86, df= 3 (P = 0.0008); F= 83% -Mt1 DH 1r[| 1l:IEI'

Testfor overall effect Z= 3.08 (P =0.002)

LowPLR High PLR

Figure 3. Forests plots of the association between PLR at admission and long-term outcomes in STEMI patients undergoing
primary PCI. (a) Long-term MACE. (b) Long-term mortality. PLR: platelet-to-lymphocyte ratio; PCI: percutaneous coronary in-
tervention; MACE: major adverse cardiac event; STEMI: ST-segment elevation myocardial infarction; CI: confidence interval.
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Figure 4. Funnel plots of the association between PLR at admission and in-hospital outcomes in STEMI patients undergoing
primary PCI. (a) In-hospital MACE. (b) In-hospital mortality. PLR: platelet-to-lymphocyte ratio; PCI: percutaneous coronary inter-
vention; MACE: major adverse cardiac event; STEMI: ST-segment elevation myocardial infarction.

two-fold increased risk of long-term MACE, and almost three-
fold increased risk of long-term mortality. Our results are simi-
lar with a meta-analysis by Li et al [26] involving a total of
6,627 patients with ACS, which demonstrated that high PLR
was an independent predictor of in-hospital and long-term car-
diovascular events and mortality. However, besides STEMI,
Li et al also included patients with non-STEMI and unstable
angina pectoris in their meta-analysis, either undergoing or not
undergoing PCI [26]. In our meta-analysis, we only included
patients with STEMI undergoing primary PCI.

Currently, in clinical practice, the Thrombolysis in Myo-
cardial Infarction Risk (TIMI) score and Global Registry of
Acute Coronary Events (GRACE) score are the most frequent-
ly used prognostic tools in STEMI [27]. Other predictors that
are frequently used are Killip class and glomerular filtration
rate [28]. We propose that PLR can be a potential prognostic
tool and can be used in conjunction with other tools to improve
prognostic value in STEMI patients undergoing primary PCI.
However, the optimal cut-off of PLR for predicting prognosis
still needs further investigation, since the cut-off values for de-
fining high PLR were different among our included studies,
which ranged from 124 to 217.

The underlying mechanism by which a high PLR increases
the risk of adverse outcomes in patients with STEMI is still not
completely understood yet. A high PLR reflects inflammatory
activity and prothrombotic status, which plays an important
role in the pathogenesis of STEMI [29]. Platelets play a major
role in all stages of atherosclerosis development and thrombus
formation after atherosclerotic plaque destabilization. Rup-
ture of the vulnerable plaque leads to local thrombin genera-
tion and fibrin deposition, which triggers platelet activation,
adhesion, and aggregation, and leads to the formation of the
intracoronary thrombus [30]. High platelet counts may reflect
ongoing inflammation, as inflammatory mediators can stimu-
late megakaryocytic proliferation and cause relative throm-
bocytosis which contribute to a prothrombotic state [23]. Ly
et al reported that higher platelet counts were associated with
increased risk of adverse outcomes in patients with STEMI,
including heart failure, re-infarction, and death [11]. Turakhia
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et al reported that high platelet counts were associated with
the presence of residual thrombus after fibrinolytic therapy for
STEMI [31]. Moreover, high platelet counts may reflect higher
risk of antiplatelet drug resistance and higher tendency to form
platelet-rich thrombus on the atherosclerotic plaques, which
may lead to no-reflow phenomenon after primary PCI, as well
as worse outcomes in patients with STEMI [24, 32].

In contrast to platelets, lymphocytes have anti-inflamma-
tory properties and play a critical role in myocardial healing
after acute myocardial infarction, especially T-lymphocytes.
Lymphocytes can migrate to the inflamed myocardial tissues
and secrete anti-inflammatory cytokines to limit the inflamma-
tory responses [33, 34]. Moreover, it was reported that in mu-
rine myocardial infarction models, infusion of T-lymphocytes
can decrease infarction size and attenuate myocardial infarc-
tion-induced cardiac remodeling [35]. Lymphocyte counts are
known to decrease during STEMI. Nunez et al reported that
low lymphocyte counts in the first 96 h of STEMI predicted
the risk of long-term recurrent myocardial infarction [12]. Low
lymphocyte counts may reflect physiological stress response
induced by the increased level of cortisol or catecholamines
during ACS. Elevated cortisol and catecholamines may induce
lymphocyte apoptosis and down-regulate proliferation and dif-
ferentiation of lymphocyte [36].

As the PLR combines the predictive values of platelet and
lymphocyte counts, it can be more valuable in predicting prog-
nosis than platelet or lymphocyte counts alone. Considering
the findings of our meta-analysis that PLR was associated with
in-hospital and long-term outcomes, we suggest that PLR can
be used as a routine prognostic biomarker to help risk stratifi-
cation of STEMI patients who undergo primary PCI and guide
the appropriate management. Patients who have a high PLR at
admission can be considered as high-risk patients and require
more intensive therapy and follow-up.

Study limitations

There were some limitations in our meta-analysis. First, most
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studies included in our meta-analysis were conducted in Tur-
key, which may not represent the global population. Second,
the number of included study is relatively small because of
limited data availability. There is still a limited number of
research that reported the association of PLR at admission
with in-hospital and long-term outcomes in the population of
STEMI patients undergoing primary PCI. Third, the cut-off
values for determining high and low PLR were varied among
included studies. Further studies are needed to determine the
optimal cut-off value of PLR. Fourth, substantial heterogene-
ity was found in the long-term MACE and long-term mortality.
We did not get enough data for subgroup analysis. Fifth, the
funnel plot of long-term MACE and long-term mortality can-
not be obtained due to limited number of included studies, thus
the possible publication bias cannot be excluded.

Conclusions

This systematic review and meta-analysis showed that in pa-
tients with STEMI undergoing primary PCI, a high PLR at
admission predicts in-hospital MACE and mortality, as well
as long-term MACE and mortality. Considering that PLR is a
simple and easily obtainable biomarker from routine labora-
tory test, we suggest PLR can be used routinely along with
other clinical biomarkers to guide prognostic assessment and
follow-up in STEMI patients undergoing primary PCI.
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