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ISystematic Review and Meta-Analysis

Neutrophil to lymphocyte ratio as a prognostic
marker for cardiovascular outcomes in patients
with ST-segment elevation myocardial infarction
after percutaneous coronary intervention

A systematic review and meta-analysis

Hassan Ul Hussain, MD?, Kanwal Ashok Kumar, MD?, Marium Zahid, MDP, Muhammad Husban Burney, MD®,
Zayeema Khan, MD?, Mugaddus Asif, MD?, Syeda Tayyaba Rehan, MD?, Huzaifa Ahmad Cheema, MD¢,
Sarya Swed, MD4*@®, Farah Yasmin, MD?, Wagas Ullah, MDe, M. Chadi Alraies, MD'

Abstract

Background: Neutrophil to lymphocyte ratio (NLR) has been considered a prognostic biomarker of mortality and other maJ}
cardiac events. This study investigates NLR'’s efficacy in predicting in-hospital and long-term outcomes in patients with ST-segment
elevated myocardial infarction (STEMI) undergoing percutaneous coronary intervention (PCl).

Methods: Electronic databases (PUBMED, Cochrane CENTRAL, ERIC, Embase, Ovid, and Google Scholar) were searched
till June 2022 to identify studies having STEMI patients who underwent PCI. Risk ratios and mean differences (MDs), along with
their corresponding 95% confidence intervals (Cis) and standard deviations (SDs), were pooled using a random-effect model. This
meta-analysis has been registered on Prospero (ID: CRD42022344072).

Results: A total of 35 studies with 28,756 patients were included. Pooled estimates revealed an increased incidence of
primary outcomes; in-hospital all-cause mortality (RR =3.52; 95% Cl =2.93-4.24), long-term all-cause mortality (HR = 1.07;
95% Cl=1.00-1.14), (RR =3.32; 95% ClI = 2.57-4.30); in-hospital cardiovascular mortality (RR =2.66; 95% CI = 2.04-3.48),
long-term cardiovascular mortality (RR = 6.67; 95% Cl = 4.06-10.95); in-hospital major adverse cardiovascular events (MACE)
(RR =1.31; 95% Cl = 1.17-1.46), long-term MACE (RR = 2.92; 95% Cl = 2.16-3.94); length of hospital stay (WMD = 0.60 days;
95% Cl = 0.40-0.79) in patients with high NLR compared to those with a low NLR.

Conclusion: NLR might be a valuable tool for prognostication (in-hospital) and stratification of patients with STEMI who
underwent PCI.

Abbreviations: AF = atrial fibrillation, AHF = advanced heart failure, CVD = coronary vascular disease, HRs = hazard ratios,
MACE = major adverse cardiovascular events, Ml = myocardial infarction, NLR = neutrophil to lymphocyte ratio, PCl = percutaneous
coronary intervention, PRISMA = Preferred Reporting Items for Systematic Review and Meta-Analysis, STEMI = ST-segment
elevated myocardial infarction, TVR = target vessel revascularization, WMD = weighted mean difference.

Keywords: Cardiovascular Disease, Mortality, Neutrophil to Lymphocyte Ratio, PCl, STEMI

deaths. Of these deaths, 85% were due to heart attack and stroke.?!
Among CVD, ST-elevation myocardial infarction (STEMI) carries
the highest risk of morbidity and mortality."!

STEMI results from a series of events centered on devel-
oping intra-coronary thrombus, disrupting atheroscle-
rotic plaque, and epicardial adipose tissue-related local

1. Introduction

Coronary vascular disease (CVD) has been reported as one of the
most common causes of mortality worldwide.'l According to the
World Health Organization (WHO), an estimated 17.9 million
people died from CVDs in 2019, representing 32% of all global
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inflammation. While, percutaneous coronary intervention
(PCI) has proven benefits in revascularizing the culprit
lesions, the role of inflammation has been debated. A few
studies have discussed the role of anti-inflammatory medi-
cations and their potential benefit in patients with STEMI,
but little is known about the role of inflammatory markers
in predicting secondary outcomes.!

Recent, non-cardiac and oncological studies have shown the
role of neutrophils to lymphocytes ratio (NLR) in predicting
worse clinical outcomes in patients with COVID-19.5! Given the
plausible overlap of mechanisms in patients with STEMI, the
current systematic review and meta-analysis aim to determine
the use of NLR to predict the in-hospital and long-term progno-
sis in patients with STEMI after PCI treatment.

2. Methods

This meta-analysis followed the guidelines set by Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA). PRISMA checklist is provided in Table S1 of File
S1, Supplemental Digital Content, http:/links.lww.com/MD/
N22. This systematic review and meta-analysis has been reg-
istered with PROSPERO (ID: CRD42022344072). Our paper
required no ethical approval since it is a systematic review and
meta-analysis of already published paper.

2.1. Data sources and search strategy

Six databases, PUBMED, Cochrane CENTRAL, ERIC, Embase,
Ovid, and Google Scholar were searched for studies showing
in-hospital or long-term prognosis of NLR in STEMI patients
who underwent PCI. No language and time restrictions were
placed on the search, and the databases were searched until June
2022. Figure 1 shows the PubMed relevance keywords map
produced via VOSviewer.!!

We used the medical subject headings (MESH) “Neutrophils
to lymphocytes ratio,” “NLR ratio,” “ST segment elevated myo-
cardial infarction,” “STEMI,” “Percutaneous coronary interven-
tion,” “PPCL” “PCL” The search string was modified for each
database, and the detailed search strategy for each database
has been provided in Table S2 of File S2, Supplemental Digital
Content, http:/links.lww.com/MD/N23. We searched for gray
and white; different data sources like list of the retrieved arti-
cles, editorials, conference proceedings for indexed abstracts,
meta-analyses and systematic reviews, were also manually
searched to identify any relevant studies that may have been
missed during the search.

2.2. Study selection

Articles were included based on the following eligibility crite-
ria: Experimental group consisted of STEMI patients receiving
primary PCI; the study designs were prospective and retrospec-
tive cohorts; risk ratios between NLR levels and cardiovascular
events occurring during hospital or follow-up were compared
and studied; studies that showed the number of cardiovascu-
lar events occurring in a population instead of the risk ratios;
studies that divided the patients on the basis of NLR tertiles or
cutoffs.

All articles retrieved as a result of the systematic search were
then exported to EndNote Reference Library Software (X7
v17.0.0.7072), where the duplicates were sought and removed.
Only those articles which met the pre-specified eligibility crite-
ria were selected. Two independent reviewers (HUH and KN)
assessed the relevant articles, first based on title and abstract
and then the full text was reviewed to confirm the relevance. Any
discrepancies were resolved via group discussion till consensus.
The concordance rate between reviewers was 96%. All studies
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having irrelevant population or studies consisting of non-PCI
and Coronary Artery Bypass Grafting patients as experimental
group, case reports, meta-analyses, letters, registries, or studies
that were not released as published reports were excluded from
the meta-analysis.

2.3. Outcomes

Our primary outcomes included in-hospital and long-term
all-cause mortality, cardiovascular mortality, major adverse
cardiovascular events (MACE), and length of stay in hos-
pital. Secondary outcomes included non-fatal myocardial
infarction (MI), in-stent thrombosis, and stroke as both
in-hospital and long-term outcomes, while no-reflow, atrial
fibrillation (AF), arrhythmia (all types), ventricular arrhyth-
mia, advanced heart failure (AHF), reinfarction, target vessel
revascularization (TVR), and angina only as in-hospital out-
comes. Any revascularization was another long-term second-
ary outcome.

2.4. Data extraction and quality assessment

Study characteristics, baseline demographics, and outcome data
were extracted on the basis of in-hospital and long-term mor-
tality into a Microsoft Excel sheet. Quality assessment for the
included observational studies was done using the New-castle
Ottawa scale, based on the selection, comparability, and out-
come/exposure criterion of included studies. A study can have
a maximum score of 9 for cross-sectional studies and a score of
10 for case-control studies. Data extraction and quality assess-
ment were conducted independently by 2 independent reviewers
(H.U.H. and M.Z.) and conflicts were resolved by group discus-
sion till consensus. Funnel plots, rank correlation, and Egger’s
regression test were used to assess the publication bias of 3
outcomes, including in-hospital all-cause mortality, in-hospital
MACE, and long-term all-cause mortality. The symmetry of the
funnel plot in the figures exhibits relevance of studies and rules
out any small study bias or publication bias.

2.5. Statistical analysis

RevMan (version 5.4; Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). The results of
the report expressed as means = SD were pooled using the
random-effects model, and the results expressed as risk ratio
(RR) with 95% confidence intervals were pooled using the
number of events that occurred in experimental and control
groups or inverse variance weighted random-effects model
when events were not given. Forest plots were made to ana-
lyze the pooled results visually. Heterogeneity was evaluated
using the I? statistics, with 25% to 50% of I2 values being
considered mild heterogeneity and 50% to 75% being con-
sidered moderate heterogeneity.[”! A value greater than 75%
is considered severe heterogeneity. Sensitivity analysis was
performed to assess individual study’s influence on pooled
effect size. The P value < .05 was considered statistically sig-
nificant in all cases. Publication bias was investigated using
funnel plots and assessing funnel plot asymmetry via rank
correlation and Egger’s regression tests using the Jamovi
Desktop (version 2.3.13).6-11]

3. Results

3.1. Literature search

The initial search of the following electronic databases
yielded 12,435 citations, out of which 12,394 citations were
left after the removal of duplicates. 12,302 articles were
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ruled out after title and abstract screening. After a full-text
review of 92 articles assessed for their eligibility, 57 arti-
cles were excluded which did not meet the inclusion crite-
ria. Hence, 35 observational studies were finalized for this
meta-analysis. The complete literature search has been out-
lined in Figure 2.

3.2. Study characteristics and patients’ baseline
characteristics

Study characteristics, patients’ baseline characteristics, and
detailed outcome information have been summarized in
Tables S3 and S4, Supplemental Digital Content, http://links.
lww.com/MD/N24, http://links.Iww.com/MD/N25. respec-
tively. Out of 35 observational studies, there were 34 ret-
rospective or prospective studies'>*) and 1 cross-sectional
study.*®! These 35 observational studies enrolled a total pop-
ulation of 28,756 participants, out of which 9678 patients
had high NLR and 13,105 patients had low NLR, while
one study didn’t specify high NLR and low NLR partici-
pants.¥¥] The mean age of patients ranged from 55.5 to 72.1
years with an average of 63.2 years. The percentage of males
ranged from 59.7% to 86.3%, with a mean of 75.23%.
About 42.8% of studies were from Asia, 37.1% from trans-
continental countries (Turkey), 8.5% from South America,
5.7% from North America, and 5.7% from Europe.

3.3. Quality assessment and publication bias

Observational studies were assessed for quality assessment on
the New-castle Ottawa scale. All of the included observational
studies have a low or moderate risk of methodological bias as
outlined in Tables S5 and S6, Supplemental Digital Content,
http:/links.lww.com/MD/N26 and http:/links.lww.com/MD/
N27. The only prime bias reported in Sawant et al.l'¥l Ayca et
al® and Gazi et alB®!l was their failure to explain the reason
for loss of follow-up and adequacy of follow-up. The quality
assessment table in the supplementary file depicts a range of 6
to 9 out of a maximum score of 9. There was no publication

www.md-journal.com

bias in the studies that reported long-term all-cause mortality,
as shown by the visual symmetry of the funnel plot and non-
significant P value of the rank correlation test (P =.1557) and
Egger’s regression test (=0.1451) (Fig. 3). The rank correlation
rank and Egger’s regression tests’ results for in-hospital all-cause
mortality indicated asymmetry in the funnel plot and a publica-
tion bias (P = .005 and P < .001, respectively) (Fig. 4). Similarly,
in-hospital MACE also revealed publication bias and demon-
strated rank correlation and Egger’s regression test indicating
funnel plot asymmetry (P = .381; P <.001, respectively) (Fig. 5).

3.4. Outcome analysis

All 35 observational studies reported the association of NLR
values with STEMI patients after undergoing PCI. The detailed
information of the primary and secondary outcomes and the
prevalence of in-hospital and long-term outcomes extracted
from most studies are given in Figures 6 and 7. Detailed Forest
plots with effect sizes of primary and secondary outcomes are
given in Figures 8-30 respectively.

3.5. All-cause mortality

Out of 35 observational studies, 19 studies reported in-
hospital all-cause mortality. It showed a significant associ-
ation between raised NLR and the incidence of in-hospital
all-cause mortality in patients after undergoing PCI as
compared to patients with low NLR (RR =3.52; 95%
CI=2.23-5.54; P <.00001; I* = 91%). Sensitivity analysis
was performed by removing a single study*!! which reported
the same risk (RR = 3.52; 95% CI = 2.93-4.24; P <.00001)
and revealed mild heterogeneity of the included studies
(I* = 7%; P = .37) as shown in Figure 8.

Eighteen studies reported long-term all-cause mortality.
It showed a substantial correlation between patients with
high NLR, and the occurrence of long-term all-cause mortal-
ity as compared to individuals with low NLR. (HR =1.29;
95% CI=1.08-1.56; P =.006; I>=86%), (RR=3.12; 95%
CI=2.31-4.22; P <.00001; I*=71%). Sensitivity analy-
sis was performed by removing 2[12*! and 3 studies!!>37#!l
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Figure 1. PUBMED relevance keywords map.
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% Google Scholar =398
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Eric=20 (n=4)
Records after duplicates removed
(n=12394)
a0
=
8
b A 4
2 Records screened Records excluded after title
(n = 12394) — and abstract screening
) (n=12302)
A A J
-y Full text articles assessed for Records excluded after full
E eligibility # text screening, with reasons
= (n=92) (n=57)
- Records that did not
A + meet eligibility criteria
f (n=10)
Studies included in qualitative - Case-reports (n=4)
synthesis (systematic review) - Incorrect population (n
(n=35) =12)
% l - Irrelevant outcomes (n
E =21)
= o ) o - Records with no full
Studies included in quantitative texts available (n = 4)
synthesis (meta-analysis) . Letters(n=3)
(n=5) - Recordsin other
_—

Figure 2. PRISMA flowchart summarizing results of literature search. PRISMA =

languages (n = 3)

Preferred Reporting Items for Systematic Review and Meta-Analysis.

which resulted in a mild change in the risk (HR = 1.07; 95%
Cl=1.00-1.14; P =.05), (RR =3.32; 95% CI = 2.57-4.30;
P <.00001) respectively, and revealed a mild heterogeneity of
the included studies (I =47%; P =.05), (I* = 38%; P =.11),
respectively (Figs. 9 and 10).

3.6. Cardiovascular mortality

Seven studies reported in-hospital cardiovascular mortality in
patients having high NLR value. The pooled analysis revealed
a significant interdependence between patients with high NLR
and occurrence of in-hospital cardiovascular mortality in con-
trast to patients with low NLR (RR =2.66; 95% CI =2.04-
3.48; P <.00001; I* = 0%) (Fig. 11).

Five out of the 35 included studies provided ade-
quate data for long-term cardiovascular mortality. There
were significantly higher odds of cardiovascular mortal-
ity in patients with high NLR compared with low NLR
(RR =4.70; 95% CI =1.88-11.71; P =.0009; I> = 91%).
Sensitivity analysis by exclusion of a single study!?
resulted in prime change in the result (RR = 6.67; 95%
CI =4.06-10.95; P <.00001) and revealed a mild het-
erogeneity of the included studies (I> =46%; P =.13)
(Fig. 12).

3.7. MACE

Twelve studies reported in-hospital MACE in patients with
high NLR. A significant association was observed amongst the
patients with high NLR as compared to low NLR for develop-
ing in-hospital MACE before sensitivity analysis (RR = 1.31;
95% CI=1.17-1.46; P <.00001; I>=87%). Exclusion of
5 studies on sensitivity analysis did not lead to a significant
change in the high heterogeneity. On subgroup analysis based
on the NLR cutoff value, low NLR cutoff subgroup (studies
having NLR cutoff ranged between 2.3 and 6.97) showed a
raised risk of the incidence of in-hospital MACE (RR = 2.12;
95% CI=1.79-2.50; P <.00001) and revealed no heteroge-
neity (I>=0%; P =.54) whereas high NLR cutoff subgroup
(studies having NLR cutoff ranged between 9.41 and 9.45)
also reported an increased risk (RR =1.01; 95% CI=1.00-
1.02; P =.02) and revealed no heterogeneity of the included
studies (I?=0%; P =.50). Therefore, pooled subgroup-
ing analysis showed a prime risk among high NLR patients
in comparison with low NLR patients for developing in-
hospital MACE (RR = 1.31; 95% CI = 1.17-1.46; P < .00001;
I> = 87%) (Fig. 13).

Out of 35 included studies, 8 studies reported long-term
MACE. Pooled analyses demonstrated a significant association
between patients with high NLR and the prevalence of long-term
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Figure 3. Funnel plot for long-term all-cause mortality.
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Figure 4. Funnel plot for in-hospital all-cause mortality.

MACE in comparison to patients with low NLR (RR =2.05;
95% CI = 1.48-2.84; P <.00001; I> = 88%). Sensitivity analysis
was carried out by excluding 3 studies?*3%3% that demonstrated
a minor change in the risk (RR =2.92; 95% CI=2.16-3.94;
P <.00001) and revealed a mild heterogeneity of the included
studies (I? = 41%; P = .15) (Fig. 14).

3.8. Length of hospital stay

Eight studies reported post-procedure length of stay in hospital
in patients with high NLR. Pooled analysis showed a significant
association between patients with high NLR in comparison with
low NLR patients, and the length of hospital stay (WMD = 0.69

days; 95% CI = 0.01-1.36; P = .05; I2 = 95%). Exclusion of 2
studies?”*51 by sensitivity analysis, revealed only slight alter-
ation in the result (WMD =0.60 days; 95% CI =0.40-0.79;
P .00001), and there was no evidence of study heterogeneity
among the included studies (I = 0%; P = .53) (Fig. 15).

3.9. AHF

Out of 35 included studies, 3 studies provided data on in-
hospital AHF. Patients with high NLR were associated with a
significantly higher risk of developing in-hospital AHE, in com-
parison to patients with low NLR (RR = 1.78; 95% CI = 1.45-
2.18; P <.00001; I = 1%) (Fig. 16).
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Figure 5. Funnel plot for in-hospital MACE. MACE = major adverse cardiovascular events.

3.10. Angina

Adequate data for in-hospital angina was provided in 2 out of
35 included studies. It showed that patients with high NLR had
a higher risk of developing in-hospital angina in collation to
the patients with low NLR (RR = 1.66; 95% CI = 1.15-2.40;
P =.007; I> = 0%) (Fig. 17).

3.11. Arrhythmia

Four studies reported in-hospital arrhythmia, and pooled anal-
ysis showed a significant interdependence between patients
with high NLR, and the incidence of arrhythmia as compared
to patients with low NLR (RR =1.52; 95% CI=1.14-2.03;
P =.004; I = 34%) (Fig. 18).

3.12. In-stent thrombosis

4 studies reported data on in-hospital in-stent thrombosis. No sta-
tistically significant association was reported between patients with
high NLR, and the risk of developing in-stent thrombosis following
PCI, in collation to the patients with low NLR (RR =1.56, 95%
CI=0.73-3.35,P = .25, > = 60%) However, sensitivity analysis was
performed by removing a single study*”! which showed an increased
risk of developing in-hospital in stent thrombosis (RR =2.26; 95%
CI=1.25-4.10; P =.007), and mild heterogeneity of the included
studies (I> = 27%; P = .25) (Fig. 19).

Three studies provided data on long-term in-stent throm-
bosis. It showed an important correlation between patients
with high NLR, and the prevalence of developing long-term
in-stent thrombosis (RR =1.81; 95% CI=1.12-2.93; P =.02;
I? = 51%) (Fig. 20).

3.13. Non-fatal Mi

Out of 35 included studies, 6 studies reported in-hospital
non-fatal MI. In contrast to patients with low NLR, high NLR
patients had a significantly higher chance of having an in-
hospital non-fatal MI, as per pooled analyses (RR =2.03; 95%
CI = 1.50-2.75; P .00001; I* = 7%). (Fig. 21).

4 studies reported data on long-term non-fatal MI. There was no
statistically significant difference in the risk of non-fatal MI between

patients with high and low NLR (RR =1.32; 95% CI = 0.64-2.74;
P =.45;12 = 72%). There was a significant shift in the risk after per-
forming sensitivity analysis by eliminating one study®’! (RR =2.18;
95% Cl = 1.37-3.47; P = .001) and revealed no heterogeneity of the
included studies (I> = 0%; P = .45) (Fig. 22).

3.14. No-reflow phenomenon

Adequate data regarding the in-hospital no-reflow was
reported in 13 of 35 included studies. A statistically sig-
nificant interrelation was observed among patients with
high NLR in terms of developing in-hospital no-reflow
after undergoing PCI, compared to patients with low NLR
(RR=2.07; 95% CI=1.47-2.91; P <.0001 I*=94%).
Sensitivity analysis was performed by removing 4 stud-
ies!17:19:28:37 that reported a mild change in the risk of develop-
ing in-hospital no-reflow (RR = 1.54; 95% CI = 1.29-1.84;
P <.00001) and revealed mild heterogeneity of the included
studies (I = 29%; P = .19) (Fig. 23).

3.15. AF

Three studies provided data for developing in-hospital AF. No
significant association was noted between patients with high
NLR, and the occurrence of AF after undergoing PCI in contrast
to low NLR patients (RR = 1.17; 95% CI = 0.67-2.06; P = .58;
I> = 0%) (Fig. 24).

3.16. Ventricular arrhythmia

Out of 35 included studies, 6 reported data for the incidence of
in-hospital ventricular arrhythmia. The pooled analyses showed
a significant association between patients with high NLR and the
occurrence of ventricular arrhythmia, as compared to patients
with low NLR (RR =3.18; 95% CI=2.30-4.41; P <.00001;
I? = 0%) (Fig. 25).

3.17. Stroke

Three studies provided data for developing in-hospital stroke. It
showed a significant correlation between patients with high NLR in
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Figure 6. In-hospital and long-term primary outcomes reported by included studies.
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Figure 7. In-hospital and long-term secondary outcomes reported by included studies.

terms of developing in-hospital stroke as compared to those with low
NLR (RR =2.33; 95% CI = 1.09-5.00; P = .03; I = 0%) (Fig. 26).

Three studies reported outcomes for long-term stroke, and
pooled analysis revealed no significant difference between
patients with high, and low NLR (RR =2.11; 95% CI = 0.74-
5.99; P =.16; I* = 0%) (Fig. 27).

3.18. Reinfarction

Five studies provided data on in-hospital reinfarction, and
revealed a non-significant association between patients with
high NLR, as compared to those with low NLR (RR = 1.26;
95% CI=0.90-1.76; P = .18; I = 0%) (Fig. 28).

3.19. TVR

Three out of 35 included studies reported outcomes for in-
hospital TVR. No significant difference was observed between
patients with high, and low NLR groups (RR=1.17; 95%
CI=0.89-1.54; P =.25; I = 0%) (Fig. 29).

3.20. Any revascularization

Out of 35 included studies, 4 studies provided data on
long-term revascularization. The pooled analyses revealed a
significant association among patients with high NLR for
developing long-term revascularization, as compared to low
NLR (RR=1.17; 95% CI=1.00-1.37; P =.05; I?=19%)
(Fig. 30).

4. Discussion

In this meta-analysis comprising 335 articles, raised NLR was
associated with higher risk of the following in-hospital out-
comes: all-cause mortality, cardiovascular mortality, MACE,
length of hospital stays, AHF, angina, arrhythmia, non-fatal
MI, no-reflow, ventricular arrhythmia, stroke. Raised NLR was
also significantly associated with long-term outcomes: all-cause
mortality, cardiovascular mortality, MACE, in-stent thrombosis,
and revascularization. However, no significant association was
observed between high NLR and in-hospital outcomes such as
in-stent thrombosis, AF, reinfarction, TVR, and long-term out-
comes non-fatal MI and stroke.
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Zhang*” has reported a previous meta-analysis with a similar
objective in 2018. However, it had a couple of limitations such as
the inclusion of small sample-sized observational studies, lack of a

uniform counting standard for different cell counts, and the failure to
correct for interference from several factors. Moreover, the authors
overlooked some essential continuous and dichotomous outcomes.
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Figure 8. Forest plot for in-hospital all-cause mortality after sensitivity analysis.
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Figure 9. Forest plot for long-term all-cause mortality after sensitivity analysis in terms of HR. HRs = hazard ratios.
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Figure 10. Forest plot for long-term all-cause mortality after sensitivity analysis in terms of RR. RR = risk ratios.
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The neutrophil to lymphocyte ratio (NLR) is the number of
neutrophils divided by the number of lymphocytes. The neu-
trophil and lymphocyte count may increase or decrease under
physiological stress. The NLR pools both individual changes,
making it a more powerful diagnostic tool than either of them

www.md-journal.com

with predicting disease course and mortality among patients
with major cardiac events.*”! Duffy et al showed that elevated
preprocedural NLR was associated with an increased risk of
long-term mortality in patients undergoing PCIL.'4

Evidence suggests that hematological cells, notably leu-

alone.*! NLR has been extensively evaluated and associated  kocytes, neutrophils, and lymphocytes, accelerate the
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Figure 11. Forest plot for in-hospital cardiovascular mortality.
Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
He 1.4228 02947 31.6% 415([2.33,7.39] 2014 ——
Ergelen 0.3409 01757 0.0% 1.41[1.00,1.98] 2014
Zuin 23773 02794 33.0% 10.78[6.23,18.63] 2017 ——
Hu 1.8001 05155 16.8% 6.05([2.20,16.62] 2018 =
Lin 1.9383 0478 18.6% 6.95[2.72,17.73] 2021 -
Total (95% CI) 100.0%  6.67 [4.06, 10.95] B
Heterogeneity: Tau®= 0.12; Chi*= 5.58, df= 3 (P=0.13); F= 46% 50 01 041 150 1005
Test for overall effect: Z= 7.50 (P =< 0.00001) Favours [High NLR] Favours [Low NLR]
Figure 12. Forest plot for long-term cardiovascular mortality after sensitivity analysis.
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Test for subgroup differences: Chif= 75.80, df=1 (P < 0.00001), F= 98.7%
Figure 13. Forest plot for in-hospital MACE after subgroup analysis. MACE = major adverse cardiovascular events.
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Figure 14. Forest plot for long-term MACE after sensitivity analysis. MACE = major adverse cardiovascular events.
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Figure 15. Forest plot for the length of hospital stay.
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Figure 16. Forest plot for in-hospital advanced heart failure.
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Figure 17. Forest plot for in-hospital angina.
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development of cardiovascular injury in acute myocar-
dial infarction.’® Neutrophils are linked to cardiac disease
development due to their ability to propagate thrombosis
and destabilize atherosclerotic plaques.’®2l By contrast,
lymphocytes reduce inflammation and stabilize atheroscle-
rotic plaques.’* A study of 1037 post-PCI patients con-
cluded that a lower lymphocyte count is associated with an
increased risk of long-term mortality.*! A strong link between

10

lower circulating T-lymphocyte function and worsening of
ischemia-reperfusion injury following an episode of myocar-
dial infarction has been established.

As hematological indicators such as neutrophils and lym-
phocytes are essential during cardiac injury, the combined
neutrophil-to-lymphocyte ratio has been proven to be a
stronger predictor of cardiovascular disease than each indi-
vidual parameter.'¥ NLR has been demonstrated to have a



187ZIMNZIDBPXZOBBAROATOAEIOYIASALLIAIPOOAEIEAHIOIN/AO AUMYTXOM

ADUOINXTOHISABZIY 1A+ NIOITWNOIZTACY HJESHIAAUE AQ [eunol-puw/wod’ mm|sfeulnoly/:dny wouj papeojumoq

120¢/80/L0 uo

Ul Hussain et al. ® Medicine (2024) 103:26

www.md-journal.com

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
He 0.3334 01331 46.7% 1.40[1.08,1.81] 2014 -
Ayca. 1.3426 04835 8.1% 3.83[1.48,9.88 2015
Gazi 05754 0477 8.3% 1.78[0.70,4.53] 2015 N
Pan 02911 01734 36.8% 1.34[0.95,1.88] 2015 el
Total (95% CI) 100.0% 1.52[1.14, 2.03] L
Heterogeneity: Tau®= 0.03; Chi*= 4.51, df= 3 (P =0.21); F= 34% 50 o1 0?1 1=U 1005
Test for overall effect: Z= 2.88 (P = 0.004) Favours [High NLR] Favours [Low NLR)
Figure 18. Forest plot for in-hospital arrhythmia.
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Figure 19. Forest plot for in-hospital in-stent thrombosis after sensitivity analysis.
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Figure 20. Forest plot for long-term in-stent thrombosis.
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Figure 21. Forest plot for in-hospital non-fatal myocardial infarction.

Favours [High NLR] Favours [Low NLR]

significant connection with predicting short and long-term
mortality, reinfarction, and heart failure in STEMI and non-
STEMI patients.!'>7°81 Elevated NLR is also associated with an
increased risk of in-stent thrombosis and mortality in STEMI
patients.”?”l An association is also observed between CVD mor-
tality, MACE, and high NLR./5%:¢0!

Our findings are consistent with earlier meta-analyses by
Zhang et al®'l and Zhang et al,*”! which aimed to discern the
relationship between NLR and cardiovascular problems after
coronary intervention. We observed that high NLR in STEMI
patients after PCI is associated with a higher risk of all-cause

11

mortality, MACE, AHE, in-stent thrombosis, angina, arrhyth-
mia, non-fatal MI, no-reflow, ventricular arrhythmia, stroke,
any revascularization as compared to low NLR. Similarly, a
study observed that the NLR ratio is substantially associated
with no-reflow in STEMI patients after PCL#! Another study
reached similar conclusions, stating that a high neutrophil and
lymphocyte count in circulation is predictive of angina, AHE
arrhythmia, MACE, cardiac mortality, all mortality, in-stent
thrombosis, non-fatal MI, and no-reflow following coronary
intervention.!®'! However, our study observed no significant
association between NLR and AF, reinfarction, and TVR.
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Figure 22. Forest plot for long-term non-fatal myocardial infarction after sensitivity analysis.
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Figure 23. Forest plot for in-hospital no-reflow phenomenon.
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Figure 24. Forest plot for in-hospital atrial fibrillation.
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Figure 25. Forest plot for in-hospital ventricular arrhythmia.
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Figure 26. Forest plot for in-hospital stroke.
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Figure 27. Forest plot for long-term stroke.

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Duffy -0.2426 0.3497 24.2% 0.78[0.40,1.56] 2006 —
Ergelen 0.3573 0.2896 35.2% 1.43[0.81,2.52] 2014 il
Ayca. 0.8571 05308 105% 2.36[0.83,6.67] 2015 S=———
Cicek 0.2951 0.3252 279% 1.34 [0.71, 2.54] 2015 -
Gazi -0.4055  1.151 2.2% 0.67[0.07,6.36] 2015
Total (95% CI) 100.0% 1.26 [0.90, 1.76] P

Heterogeneity: Tau®= 0.00; Chi*= 3.76, df=4 (P=0.44), F=0% )

s _ 0.01 0.1 1 10 100
Testfor overall effect: Z=1.34 (P=0.18) Favours [High NLR] Favours [Low NLR]

Figure 28. Forest plot for in-hospital reinfarction.
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Figure 29. Forest plot for in-hospital target vessel revascularization.
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Figure 30. Forest plot for long-term any revascularization.
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The findings of Wang et al further solidify the predictive
function of high NLR in predicting the risk of all-cause mor-
tality, MACE, and cardiovascular death./? Regarding inclu-
sion and exclusion criteria, the current meta-analysis differs
from a previous study, since they included patients who have
undergone coronary and angiographic interventions, not just
PCL

Despite significant variabilities amongst the included studies
in our meta-analysis, these results can have important clinical
implications in the therapeutic management of STEMI patient’s
post-coronary interventions. In patients with a high NLR,
strict surveillance can help in early identification of cardiovas-
cular emergencies and aid in decision-making in treating such
patients. High on-admission NLR has been directly linked with
MACE and stricter surveillance practices can lead to better
treatment plans.

To the best of our knowledge, this is the most comprehensive
meta-analysis evaluating the relationship between elevated NLR
and in-hospital and long-term cardiovascular risks in patients
with ST-segment elevation following PCI. Our study incorpo-
rated data from numerous studies that had been corrected for
potential confounders, which is more credible than data from
single studies. Furthermore, the sensitivity and subgroup anal-
yses were consistent with the overall results, suggesting the
robustness of the findings.

This study has limitations, just like any other meta-analysis.
Firstly, this meta-analysis only includes observational studies,
leading to selection and recall bias. Secondly, the included stud-
ies had slightly different inclusion and exclusion criteria, and
each study has a different NLR value, therefore we were unable
to determine a consistent NLR cutoff value. Furthermore, the
follow-up times in the included studies vary, which may lead to
confounding biases. More extensive clinical trials are therefore
required to investigate better and support the current findings of
a link between NLR and cardiovascular problems in STEMI after
coronary treatments. Because the included studies were done
mainly in Asian nations, particularly China and Turkey, the clini-
cal implications of the current study should be studied further in
large-scale trials in other nations as well.

5. Conclusion

NLR might be a powerful predictor of cardiovascular risks in
STEMI patients undergoing PCI. However, more large-scale tri-
als are required to prove NLR as a significant therapeutic target
in reducing the risk of in-hospital and long-term cardiovascular
outcomes in STEMI patients.
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