
 

 

 University of Groningen

Retrospective Study of the Association Between Platelet-to-Lymphocyte Ratio in Patients with
Acute Coronary Syndrome on Admission to a Rural Referral Center in East Java, Indonesia,
and the Incidence of New Symptomatic Heart Failure at 6 Months
Intan, Ryan Enast; Alkaff, Firas Farisi; Oktaviono, Yudi Her; Nugraha, Ricardo Adrian; Octora,
Tan Nicko; Jonatan, Michael; Balti, Dimas Rio; Hasibuan, Fani Suslina; Radi, Basuni;
Santoso, Anwar
Published in:
Medical Science Monitor

DOI:
10.12659/MSM.935002

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Intan, R. E., Alkaff, F. F., Oktaviono, Y. H., Nugraha, R. A., Octora, T. N., Jonatan, M., Balti, D. R.,
Hasibuan, F. S., Radi, B., & Santoso, A. (2022). Retrospective Study of the Association Between Platelet-
to-Lymphocyte Ratio in Patients with Acute Coronary Syndrome on Admission to a Rural Referral Center in
East Java, Indonesia, and the Incidence of New Symptomatic Heart Failure at 6 Months. Medical Science
Monitor, 28, [935002]. https://doi.org/10.12659/MSM.935002

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.12659/MSM.935002
https://research.rug.nl/en/publications/973c0be3-fc02-455c-8967-ae7d4d83c821
https://doi.org/10.12659/MSM.935002


Received:  2021.10.03
Accepted:  2021.11.15

Available online:  2022.01.27
Published:  2022.03.02

  2931      4      5      41

Retrospective Study of the Association Between 
Platelet-to-Lymphocyte Ratio in Patients with 
Acute Coronary Syndrome on Admission to a 
Rural Referral Center in East Java, Indonesia, 
and the Incidence of New Symptomatic Heart 
Failure at 6 Months

	 ACEF  1	 Ryan Enast Intan
	 CEF  2,3	 Firas Farisi Alkaff 
	 D  1	 Yudi Her Oktaviono
	 ACD  1	 Ricardo Adrian Nugraha 
	 B  4	 Tan Nicko Octora
	 AF  1	 Michael Jonatan 
	 ABEF  5	 Dimas Rio Balti
	 B  6	 Fani Suslina Hasibuan
	 D  7,8	 Basuni Radi 
	 AD  7,8	 Anwar Santoso

	 Corresponding Authors:	 Ryan Enast Intan, e-mail: ryan_intan_92@yahoo.com, Firas Farisi Alkaff, e-mail: firasfarisialkaff@fk.unair.ac.id
	 Financial support:	 None declared
	 Conflict of interest:	 None declared

	 Background:	 This was a retrospective study conducted at a rural referral center in East Java, Indonesia, to evaluate the asso-
ciation between the platelet-to-lymphocyte ratio (PLR) on hospital admission and the incidence of new symp-
tomatic heart failure (HF) within 6 months in patients with acute coronary syndrome (ACS).

	 Material/Methods:	 The study population consisted of all ACS patients who were hospitalized between 1 January and 31 December 
2018 at a non-percutaneous coronary intervention-capable secondary referral hospital and came for a rou-
tine follow-up until 6 months afterwards. The diagnosis of new symptomatic HF was based on International 
Classification of Diseases 10th revision code I50.9.

	 Results:	 From 126 hospitalized patients, 92 patients were included in the analysis. The incidence rate of new symptom-
atic HF at 6 months was 70.65%. High PLR upon initial admission was significantly associated with new symp-
tomatic HF incidence (odds ratio=1.70, P<0.001). PLR was also able to discriminate new symptomatic HF inci-
dence at 6 months with area under the curve of 0.83 (P=0.001). Multivariate Cox regression analysis showed 
that PLR was an independent predictor for new symptomatic HF incidence (hazard ratio=4.5, P=0.001).

	 Conclusions:	 In a rural center in Indonesia, the PLR was independently correlated with the onset of new symptomatic HF in 
patients with ACS 6 months after hospital admission. The PLR may be a supplementary biomarker for clinical 
outcomes in patients with ACS for use in resource-limited regions.

	 Keywords:	 Acute Coronary Syndrome • Biomarkers • Heart Failure

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/935002

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Department of Cardiology and Vascular Medicine, Faculty of Medicine, 
Universitas Airlangga – Dr. Soetomo General Hospital, Surabaya, Indonesia

2 Division of Pharmacology and Therapy, Department of Anatomy, Histology, and 
Pharmacology, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia

3 Division of Nephrology, Department of Internal Medicine, University Medical 
Center Groningen, Groningen, The Netherlands

4 Department of Anesthesiology and Reanimation, Faculty of Medicine, Universitas 
Airlangga – Dr. Soetomo General Hospital, Surabaya, Indonesia

5 Department of Cardiology and Vascular Medicine, Ngimbang General Hospital, 
Lamongan, Indonesia

6 Department of Cardiology and Vascular Medicine, Dr. Koesma General Hospital, 
Tuban, Indonesia

7 Department of Cardiovascular Prevention and Rehabilitation, National 
Cardiovascular Center Harapan Kita, Jakarta, Indonesia

8 Department of Cardiology and Vascular Medicine, Faculty of Medicine, 
Universitas Indonesia, Jakarta, Indonesia

e-ISSN 1643-3750
© Med Sci Monit, 2022; 28: e935002

DOI: 10.12659/MSM.935002

e935002-1
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

https://orcid.org/0000-0002-5628-1345
https://orcid.org/0000-0003-0648-0829
https://orcid.org/0000-0002-4658-4385
https://orcid.org/0000-0002-6428-9304


Background

Acute coronary syndrome (ACS) is a leading cause of mortali-
ty worldwide. It is a group of conditions caused by reduction 
of blood flow to the heart, including ST elevation myocardi-
al infarction (STEMI), non-ST elevation myocardial infarction 
(NSTEMI), and unstable angina [1]. ACS can cause a number 
of complications, and one of the major complications is heart 
failure (HF) [2,3]. It is associated with high in-hospital mortal-
ity and poor long-term survival [4]. A population-based study 
in Saudi Arabian patients revealed that in-hospital mortality 
and cardiogenic shock were significantly higher if HF was pre-
sented [5]. A prospective cohort registry in the UK that evalu-
ated the long-term prognosis of HF patients after ACS found 
that new-onset heart failure was associated with a 4-fold in-
creased risk of death at 6 months [6]. Moreover, even in a sta-
ble condition, HF could lead to a dimnished quality of life [7]. 
Thus, it is very important to predict symptomatic HF occur-
rence in patients who survived ACS.

It has been proposed that inflammation plays an important 
role in both ACS and HF [8,9]. Various types of inflammato-
ry biomarkers have been developed to predict the outcome 
of these diseases, such as N-terminal prohormone of brain 
natriuretic peptide (NT pro-BNP), high-sensitivity C-reactive 
protein (hs-CRP), lipoprotein-associated phospholipase A2, 
and homocysteine [10-12]. Unfortunately, these biomarkers 
are still scarce and are even unaffordable in areas with limit-
ed resources. Therefore, a biomarker that is cheap and wide-
ly available is needed.

Platelet-to-lymphocyte ratio (PLR) is a new inflammatory bio-
marker that can be used to predict morbidity and mortality. It 
can be easily calculated from complete blood count analysis. 
Recent studies showed that higher PLR levels reflected a more 
severe inflammation process and was associated with higher 
in-hospital and long-term mortality and major adverse cardio-
vascular events (MACE) in ACS patients [13-15]. Another study 
also found that higher PLR was corelated with worse 6-month 
survival rate in patients with acute HF and might be a novel 
marker in AHF management [16]. However, to the best of our 
knowledge, only a few studies have used PLR to predict HF inci-
dence following ACS [17,18]. Therefore, this retrospective study 
was conducted at a rural referral center in East Java, Indonesia, 
to evaluate the association between the PLR on hospital admis-
sion and the incidence of HF at 6 months in patients with ACS

Material and Methods

This study was a retrospective cohort study that adhered to 
the principles of the Declaration of Helsinki and received ethics 
approval from the department of health of Tuban city (approval 

number: 070/152/414.107/2019). The requirement of written 
informed consent was waived because this was a retrospec-
tive study. This study was conducted at one of the non-per-
cutaneous coronary intervention (PCI)-capable secondary re-
ferral government hospitals located at Tuban city, East Java 
region, Indonesia. Tuban city is considered as a rural area in 
this region. The study population was all ACS patients who 
were hospitalized between 1 January and 31 December 2018. 
ACS patients were defined as patients who presented with 
symptoms of ischemia in association with electrocardiograph-
ic or cardiac enzyme changes according to the ESC guideline, 
regardless of the presence of ST-segment elevation [19,20]. 
Patients were then followed up for 6 months after the ACS 
event. Inclusion criteria were patients with no symptoms or 
history of treatment for coronary artery disease or HF previ-
ously, valvular heart disease, chronic obstructive pulmonary 
disease, rhythm abnormalities, and no other inflammatory 
or infectious disease during hospitalization. Exclusion crite-
ria were patients who had poor adherence to regular visits to 
the cardiovascular outpatient clinic after hospitalization and 
patients without complete data.

Data on demographic characteristics, clinical signs and symp-
toms, cardiovascular risk factors, medication, and initial admis-
sion laboratory results from emergency room were retrieved 
from medical records. To measure the red blood cells, white 
blood cells, neutrophils, platelets, and lymphocyte counts, pe-
ripheral blood was collected and placed in ethylenediamine-
tetraacetic acid-coated tubes. Afterwards, the blood was ana-
lyzed using a Sysmex XN-1000 Hematology Analyzer (Syxmex 
America, Inc, Lincolnshire, Illinois). The PLR was then calculated 
by dividing the platelet counts and lymphocyte counts. Baseline 
2-dimensional transthoracic echocardiography (TTE) (Vivid S60N, 
General Electric Healthcare, Wauwatosa, Wisconsin) was done 
in the first 48 hours of admission to determine the left ventricle 
ejection fraction (LVEF) and to exclude any valvular condition.

The primary outcome was new clinical symptomatic HF inci-
dence within 6 months after ACS, based on the 2016 ESC guide-
lines of HF diagnosis and New York Heart Association (NYHA) 
functional class II-IV [21]. The definition of symptomatic HF was 
used because a previous study has shown that patients with 
symptomatic HF had higher morbidity and mortality compared 
to healthy subjects or patients with asymptomatic left ventric-
ular (LV) systolic dysfunction [22]. The diagnosis of new clini-
cal symptomatic HF was based on International Classification 
of Diseases 10th revision code I50.9 that was retrieved from 
the medical records [23]. Secondary outcomes in this study 
were the length of stay (LOS) during hospitalization, in-hospi-
tal complications (acute lung edema, cardiogenic shock, and 
life-threatening arrhythmia), and MACE (rehospitalization be-
cause of heart failure, cerebrovascular disease (CVD), or myo-
cardial infarction) within 6 months after ACS onset. A secondary 
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analysis was also done to assess the correlation between PLR 
and Global Registry of Acute Coronary Event (GRACE) mortality 
risk score or LVEF during the first hospitalization for ACS [24].

Statistical Analysis

For descriptive analysis, continuous data were given as 
mean±standard deviation (SD) or median [interquartile range 
(IQR)] depending on data distribution, while categorical data 
were given as n (%). For univariate analysis, the chi-square test 
was used for analyzing categorical data, and the independent t 
test or Mann-Whitney U test was used for continuous data, as 

appropriate. Variables with P value <0.25 from univariate analy-
sis were then included in multivariate logistic regression analy-
sis using the backward selection method [25]. Model calibration 
was tested using the Hosmer-Lemeshow test. Area under the 
curve (AUC) was used to determine whether PLR can be used 
to predict outcome incidence at 6 months or not. To determine 
the best PLR cut-off value, Youden Index was used [26]. Cox 
proportional multivariate hazards regression model was used 
to determine the hazard ratio of the PLR cut-off for outcome 
incidence at 6 months. P value <0.05 was considered as statis-
tically significant [27]. All statistical analysis were done using 
SPSS for Windows version 21.0 (IBM Corp., Armonk, New York).

Variables
Total
n=92

High PLR (³108)
n=46

Low PLR (<108)
n=46

P value

Age, mean (SD) 	 55.91	(9.83) 	 58	(9.85) 	 54	(9.46) 0.041

Man gender, n (%) 	 61	(66.3) 	 34	(73.9) 	 27	(58.69) 0.123

Myocardial infarction, n (%) 	 75	(81.52) 	 41	(89.1) 	 34	(73.9) 0.060

Heart rate, mean±SD 	 83.86±20.20 	 82.63±18.01 	 85.12±22.37 0.573

GRACE score, mean±SD 	 110.82±32.47 	 118.89±28.21 	 102.74±34.68 0.016

BMI, mean±SD 	 24.44±3.23 	 24.57±3.28 	 24.32±3.21 0.713

% LVEF, mean±SD 	 47.14±12.04 	 45.34±11.98 	 49.07±11.96 0.160

Symptom onset hour, median [IQR] 	 6.75	 [4-15.75] 	 6.5	 [3.90-15.50] 	 7.5	 [4.50-23.50] 0.443

Circadian morning onset, n (%) 	 50	 (54.35) 	 23	 (50.0) 	 19	 (41.3) 0.4

LMR, mean±SD 	 8.63±5.55 	 8.08±5.41 	 9.95±5.77 0.006

NLR, median [IQR] 	 3.9	 [2.51-5.53] 	 4.27	 [2.82-5.63] 	 2.36	 [1.19-2.54] 0.000

CKMB, median [IQR] 	 32	 [24.75-52] 	 35	 [27.65-55.42] 	 26	 [17.50-45.45] 0.374

Blood glucose, median [IQR] 	 151	 [120-227] 	 159	 [129-236] 	 143	 [86-205] 0.463

Diabetes mellitus, n (%) 	 27	 (29.35) 	 12	 (26.1) 	 15	 (32.6) 0.982

Hypertension, n (%) 	 33	 (35.87) 	 24	 (52.2) 	 9	 (19.6) 0.001

Active smoker, n (%) 	 50	 (54.35) 	 28	 (60.9) 	 22	 (47.8) 0.209

Family history of CVD, n (%) 	 17	 (18.4) 	 9	 (19.6) 	 8	 (17.4) 0.567

Length of stay, median [IQR] 	 4	 [4-5] 	 4	 [4-5] 	 4	 [4-6] 0.893

Beta blocker, n (%) 	 80	 (86.9) 	 41	 (89.1) 	 39	 (84.8) 0.536

RAAS blocker, n (%) 	 82	 (89.1) 	 41	 (89.1) 	 41	 (89.1) 0.765

Statin, n (%) 	 92	 (100) 	 46	 (100) 	 46	 (100) 1.000

DAPT, n (%) 	 92	 (100) 	 41	 (100) 	 41	 (100) 1.000

Table 1. Baseline characteristics of study population.

ACS – acute coronary syndrome; BMI – body mass index; CKMB – creatine kinase myocardial band; CVD – cardiovascular diseases; 
DAPT – dual anti-platelet therapy; GRACE score – Global Registry of Acute Coronary Events score; IQR – interquartile range; 
LMR – leucocyte-to-monocyte ratio; LVEF – left ventricular ejection fraction; NLR – neutrophil-to-lymphocyte ratio; PLR – platelet-
to-lymphocyte ratio; SD – standard deviation; RAAS blocker – renin-angiotensin-aldosterone system blocker. P value <0.05 was 
considered statistically significant.
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Results

There were 126 hospitalized ACS patients during the study 
period, and 92 patients were included in the analysis. The 
mean age was 56 years old, and 66.3% were male. On the ACS 
spectrum, 17 (18.5%) patients presented with unstable angi-
na and 75 (81.5%) patients presented with myocardial infarc-
tion (47 patients were STEMI and 28 patients were NSTEMI). 

The median of pre-hospital delay after ACS onset was 7 hours. 
The incidence of ACS was higher on weekdays and at night.

Baseline Characteristic

Patients’ baseline characteristic is presented based on the low 
level (<108) and high level of PLR value (³108) based on median 
PLR level in this population (Table 1). Upon ACS presentation, 

Variables
Total
N=92

PLR median group
OR 

(95% CI)
p-valueHigh (³108)

n=46
Low (<108)

n=46

In Hospital outcome

Acute lung oedema, n (%) 	 37	(40.2) 	 23	(50.0) 	 14	(30.4) 	 1.39	(0.98-1.96) 0.058

Cardiogenic Shock, n (%) 	 12	(13.04) 	 6	(13.0) 	 6	(13.0) 	 1.00	(0.85-1.17) 1.000

Life threatening arrhythmia, n (%) 	 14	(15.38) 	 9	(19.6) 	 5	(10.9) 	 1.11	(0.93-1.32) 0.384

Length of stay, median [IQR] 	 4	[4-6] 	 4	[4-5] 	 4	[4-6] 	 1.00	(0.99-1.04) 0.893

Long term outcome 

First HF symptom during 6-month 
follow up (NYHA class II-IV) (%)

	 65	(70.65) 	 41	(89.13) 	 24	(52.17) 	 1.70	(1.33-2.18) <0.001

MACE during 6-month follow up 	 10	(10.86) 	 4	(8.69) 	 6	(13.04) 	 0.67	(0.24-1.41) 0.738

Table 2. In-hospital and long-term outcomes of patients with acute coronary syndrome.

HF – heart failure; IQR – interquartile range; PLR – platelet-to-lymphocyte ratio; MACE – major adverse cardiac events; OR – odds ratio; 
PLR – platelet-to-lymphocyte ratio; NYHA – New York Heart Association. P value <0.05 was considered statistically significant.

Variables

Heart failure (N=65)

p-valueEarly-onset in-hospital 
HF (<7 days)
N=41 (63%)

Late-onset out-hospital 
HF (³7 days)
N=24 (37%)

Age, mean±SD 	 57.95±9.98 	 58.29±9.08 0.891

Man gender, n (%) 	 28	 (68.29) 	 20	 (83.33) 0.183

Myocardial Infarction, n (%) 	 38	 (92.6) 	 22	 (91.6) 0.882

BMI, mean±SD 	 24.90±2.83 	 23.92±3.50 0.224

% LVEF, mean±SD 	 40.36±11.06 	 49.47±7.22 0.001

Symptom onset hour, median [IQR] 	 7	 [5-16] 	 7	 [5-16] 0.600

Hypertension, n (%) 	 8	 (19.5) 	 11	 (45.8) 0.049

Diabetes, n (%) 	 15	 (36.58) 	 3	 (12.5) 0.036

Active smoker, n (%) 	 23	 (56.9) 	 17	 (70.83) 0.239

Family history of CVD 	 11	 (26.8) 	 5	 (20.8) 0.588

Table 3. �Comparison of characteristics between acute coronary syndrome patients who develop heart failure during vs after 
hospitalization.

BMI – body mass index; CVD – cardiovascular diseases; HF – heart failure; IQR – interquartile range; LVEF – left ventricular ejection 
fraction; SD – standard deviation. P value <0.05 was considered statistically significant.
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patients with high PLR level were older and more of them had 
a history of hypertension compared to patients with low PLR 
level (P=0.041 and 0.001, respectively). Patients in the high PLR 
group also had higher GRACE score on admission (119±28.21 
vs 102±34.68, P<0.001). All patients were treated regularly with 
optimal medication for ACS, including statin, anti-platelet, be-
ta-blocker, and ace inhibitor. Thrombolytic was performed in 
all patients with STEMI that fulfilled the indication criteria for 
this procedure (34 patients), and was successful in 15 (44%) 
patients. Baseline TTE showed that 95% patients had diastol-
ic dysfunction, 93% patients had LV dysfunction (LVEF <55%), 
and 99% patients had regional wall motion abnormality.

Study Outcomes

There were no in-hospital outcome parameters associated 
with PLR (all P>0.05). For long-term outcomes, the incidence of 
6-month new clinical symptomatic HF was significantly high-
er in patients with high PLR (odds ratio (OR)=1.70, 95% con-
fidence interval=1.33-2.18, P<0.001) (Table 2).

The incidence rate of new clinical symptomatic HF at 6 months 
after ACS was 70% (65 patients). Among them, 41 patients 
(63%) developed early-onset symptomatic HF during the hos-
pitalization (<7 days after ACS onset), and 24 patients (37%) 
developed late-onset symptomatic HF after hospitalization (³7 
days after ACS onset). The proportion of patients with diabe-
tes mellitus or lower LVEF who develop symptomatic HF during 

hospitalization was significantly higher than after hospitaliza-
tion (Table 3). On the contrary, the proportion of patients with 
hypertension who developed symptomatic HF during hospital-
ization was significantly lower. The PLR was significantly lower 
in patients who did not develop symptomatic HF compared to 
patients who developed acute-onset or late-onset symptom-
atic HF (both P<0.001) (Figure 1).

In the sub-analysis among patients with myocardial infarction, 
there was no significant difference between STEMI and NSTEMI 
in symptomatic HF incidence at 6-month follow-up (hazard ra-
tio (HR)=1.15, 95% CI=0.81-1.57, P=0.685). However, the fail-
ure of thrombolytic treatment in STEMI-eligible patients was 
a significant predictor for the occurrence of symptomatic HF 
at 6-month follow-up (HR=1.83, 95% CI=1.07-3.14, P=0.007). 
Furthermore, when compared with the non-eligible and failed 
thrombolytic STEMI patients, those with successful thrombo-
lytic treatments were less likely to develop new symptomat-
ic HF in the follow-up period (50% vs 87.9% incidence rate, 
HR=0.24, 95% CI=0.09-0.69, P=0.015).

Multivariate analysis of symptomatic HF incidence 
predictor

The association of different predictor variables with symptom-
atic HF incidence at 6 months was assessed in univariate and 
multivariate analyses (Table 4). In the multivariate logistic re-
gression model for symptomatic HF incidence at 6 months af-
ter ACS, age, sex, myocardial infarction, in-hospital LV ejection 
fraction, circadian morning onset, admission PLR level, creatine 
kinase myocardial band (CKMB) level, hypertension status, 
smoking status, and family history of CVD were included. After 
adjusting for other factors, PLR level and LVEF remained signif-
icant (P<0.001). The Hosmer and Lemeshow test suggested the 
model had good fitness to the data (P=0.941). The model ex-
plained 65.9% (Nagelkerke R2) of the variance in symptomat-
ic HF incidence and correctly classified 90.4% of the cases. As 
PLR level increase by 1 unit, the odds of having clinical symp-
tomatic HF at 6 months also increased (adjusted OR=1.072, 
95% CI=1.03-1.11, P<0.001). Meanwhile, higher baseline LVEF 
after ACS acted as a protective factor from symptomatic HF 
incidence at 6 months (adjusted OR=0.85, 95% CI=0.77-0.94, 
P=0.002). The final model showed that LVEF and PLR level had 
good discrimination for new symptomatic HF, with C statistic 
of 0.939 (P<0.001) (Figure 2).

PLR as an Independent Predictor for Dymptomatic HF 
Incidence at 6 Months

PLR was able to positively discriminate new clinical symptom-
atic HF incidence at 6 months, with AUC of 0.83 (95% CI=0.75-
0.92, P<0.001). The best cut-off for PLR level to predict new 
clinical symptomatic HF was 87 (sensitivity 0.89 [95% CI=0.82 
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Figure 1. �Platelet-to-lymphocyte ratio (PLR) difference based 
on heart failure (HF) onset. Acute-onset=HF occurred 
during the hospitalization and/or <7 days after acute 
coronary syndrome (ACS); Late-onset=HF occurred 
later after ACS hospitalization (³7 days-6 months). P 
value <0.05 (*) was considered statistically significant, 
and P value >0.05 (NS) was considered not statistically 
significant.
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Variables
Univariate analysis Multivariate analysis

COR 95% CI P value AOR 95% CI P value

Age 1.052 0.879-1.25 0.582

Man gender 9.863 0.110-885.90 0.319

Myocardial infarction 4.858 0.337-69.93 0.245

GRACE score 1.008 0.958-1.06 0.751

LVEF 0.818 0.706-0.940 0.007 0.850 0.768-0.941 0.002

Morning onset 0.505 0.037-6.90 0.609

PLR level 1.121 1.033-1.210 0.006 1.072 1.031-1.114 <0.001

CKMB 1.006 0.980-1.030 0.673

Hypertension 0.798 0.049-12.895 0.873

Family history of CVD 7.411 0.263-208.772 0.240

Active smoker 0.353 0.008-16.327 0.595

Table 4. Risk factors for developing heart failure at 6 months after acute coronary syndrome.

AOR – adjusted odds ratio; CKMB – creatine kinase myocardial band; COR – crude odds ratio; CVD – cardiovascular diseases; 
GRACE – global registry of acute coronary events; LVEF – left ventricular ejection fraction; PLR – platelet-to-lymphocyte ratio; 
95% CI – 95% confidence interval. Variables with P value <0.25 from univariate analysis are included in multivariate analysis. P value 
<0.05 in multivariate analysis is considered statistically significant.
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Figure 2. �Receiver operating characteristic curve of the final 
model consist of left ventricular ejection fraction and 
platelet-to-lymphocyte ratio to predict heart failure 
incidence at 6 months after acute coronary syndrome. 
AUC – area under curve.
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Figure 3. �Receiver operating characteristic curve of platelet-to-
lymphocyte ratio (PLR) as a predictor of heart failure 
(HF) incidence at 6 months. The best cut-off for PLR 
to discriminate 6-month HF is 87 (Sensitivity=89%, 
Specificity=63%, Odds ratio=2.92, 95% confidence 
interval 1.55-5.50, P<0.001). AUC – area under curve.
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to 0.94], specificity 0.63 [95% CI 0.53 to 0.72], positive likeli-
hood ratio 2.41, positive predictive value 0.71 [95% CI=0.65 to 
0.76], and negative predictive value 0.85 [95% CI=0.76 to 0.91]) 
(Figure 3). Using this cut-off, 58 out of 68 patients (85.3%) 
with PLR ³87 had new symptomatic HF, whereas only 7 out of 

24 (29.2%) with PLR <87 had new symptomatic HF (OR=2.92, 
95% CI=1.55-5.50, P=0.001). Multivariate Cox regression was 
then used to calculate the hazard ratio for symptomatic HF 
incidence. After controlling for other confounding factors, 
PLR level ³87 was shown to be an independent predictor of 
6 months symptomatic HF incidence after ACS (HR=4.5, 95% 
CI=1.8-11, P=0.001) (Figure 4).

Secondary Analysis

In secondary analysis using Pearson correlation, PLR was posi-
tively correlated with GRACE score (p=0.004, r=0.27) and neg-
atively correlated with LVEF (p=0.001, r=-0.39) (Figure 5).

Discussion

In this study, we found that 44.5% of the patients developed 
new symptomatic HF during admission. This incidence is higher 
than the previous study in Saudi Arabia that had 20% admis-
sion HF incidence [4]. This might be due to the long pre-hos-
pital delay time (median 6.75 hours) in our study. Overall out-
come at 6 months showed a 70% incidence rate of new clinical 
HF. This finding is higher than the result of the GRACE study 
with 17.6% and UK registry with 6.5% of new HF incidence 
rate at 6 months [6,28]. The high number of new HF cases in 
our study population might have been caused by a subopti-
mal revascularization therapy due to the absence of primary 
PCI strategy in our hospital. This hypothesis is also supported 
by the data from the GRACE study that showed patients with 
ACS who developed new HF were less likely to undergo cardi-
ac catheterization [28].
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Figure 4. �Multivariate Cox regression hazard function analysis 
showing differences between patients with high and 
low platelet-to-lymphocyte ratio (PLR) associated 
with the outcome of HF occurring within 6 months 
after hospital admission for acute coronary syndrome. 
The hazard ratio for high PLR (PLR ³87) is 4.5 (95% 
confidence interval=1.8-11, P=0.001).
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Figure 5. �Scatter plots showing the association between (A) platelet-to-lymphocyte ratio (PLR) and Global Registry of Acute Coronary 
Events score (GRACE) risk score, (B) PLR and left ventricular ejection fraction (LVEF).
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From the onset of HF, our findings were similar to the popu-
lation in the GRACE study [28], but with different risk factors. 
In our study, patients with early-onset HF were more likely to 
have diabetes and lower LVEF, and were less likely to have 
hypertension compared to the late-onset HF, whereas in the 
GRACE study, patients admitted with HF tended to be older 
and were more likely to have a history of coronary artery dis-
ease and atrial fibrillation [28].

From the univariate analysis, the risk factor predictor for develop-
ing new HF has some similarities to previous studies [6,28]. New 
findings in our study are the addition of GRACE score and bio-
marker from complete blood count and CKMB as a predictor of 
HF incidence. However, after multivariate logistic regression anal-
ysis, only LVEF and PLR remained significant as predictors of HF 
at 6 months after ACS. While previous studies only analyzed PLR 
either as an independent predictor for ACS [13-15] or acute HF 
outcome [16], our study is the first to show that PLR can also be 
used to predict symptomatic HF incidence at 6 months after ACS.

In regard to MACE outcome, many studies have analyzed PLR 
as an independent predictor for MACE and mortality in ACS or 
HF patient populations, including a meta-analysis of 8 studies 
involving 6627 participants [13,29-31]. Our study also showed 
that PLR had a weak correlation with GRACE mortality risk score 
at admission, which is a predictor of MACE within 6 months 
after ACS, similar to a previous study of STEMI patients [32]. 
However, the result of our study showed that MACE was not 
associated with higher PLR value. However, some studies re-
ported that PLR value was a predictor of MACE in ACS pa-
tients [13,30]. These varied results might be caused by the 
difference in follow-up duration. While the observation peri-
od in our study was only 6 months, the follow-up duration in 
other studies were up to 5 years [13].

The cut-off points of PLR value for biomarker predictor risk group 
stratification varies across studies, depending on the disease, 
inflammation status, and population characteristics [13,33,34]. 
In our study, the cut-off PLR value for discriminating new symp-
tomatic HF incidence at 6 months was lower than in previous 
studies. We hypothesized that patients who had an ACS event 
in a non-PCI facility or in a rural area were more prone to devel-
op new HF at 6-month follow-up, despite optimal medication.

It is still not clear how the exact mechanism of PLR level is asso-
ciated with adverse outcomes in ACS patients. Higher PLR value 
has been reported to be correlated with increased inflammato-
ry activity and prothrombotic status due to relative thrombocy-
tosis and megakaryocytic proliferation in ACS patients [29,35]. 
Furthermore, lower lymphocyte level due to increased cortisol 
in response to physiological stress can also be correlated with 
worse clinical outcomes in ACS patients [36]. Hence, PLR cal-
culated from numbers of platelets and lymphocytes may be a 

novel indicator of inflammatory and prothrombotic status, and 
might be utilized to predict the outcome of ACS, including HF 
development. The mechanism involved in this includes the re-
lease of proteolytic enzymes and pro-inflammatory cytokines, 
secondary to the increased inflammatory state in ACS [37,38]. 
A previous study has shown that higher PLR is positively cor-
related with increased inflammatory cytokines such as inter-
leukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrotizing fac-
tor-a [39], which can damage the myocardium, resulting in 
reduced left ventricular function and HF [40]. High levels of 
pro-inflammatory cytokines might also lead to myocardial re-
modeling and cardiac arrhythmia, resulting in cardiac dysfunc-
tion [41]. Our secondary analysis also shows that PLR is nega-
tively correlated with LVEF during hospitalization, which may 
affect the mechanism of HF development. This finding was in 
line with a previous study by Bekler et al (2015), which showed 
that high PLR was associated with left ventricular systolic dys-
function (LVEF <40%) in NSTEMI patients [17].

There were several limitations to this study. This study was a 
single-center study conducted in a rural area, which may be 
different than in an urban clinical setting. The relatively small 
number of samples compared to other studies might have 
caused several potential biases. The follow-up period was only 
6 months, which may also have contributed to the non-signif-
icant result for MACE. Another limitation was that we had no 
comparable data on other biomarkers such as hs-CRP, IL-1, IL-
6, or NT pro-BNP. Analysis of the correlation of PLR with these 
substances may have strengthened our study. However, despite 
the limitations, this is the first study to evaluate use of PLR as 
an independent predictor for new symptomatic HF after ACS.

Conclusions

In a rural center in Indonesia, PLR was independently corre-
lated with the onset of symptomatic heart failure in patients 
with ACS 6 months after hospital admission. PLR may be a sup-
plementary biomarker for clinical outcomes in patients with 
ACS for use in resource-limited regions. In patients with high 
PLR level, strict control of cardiovascular risk factors, routine 
follow-up visits, and close monitoring should be encouraged.
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