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ABSTRACT

Background: Cardiovascular disease is a leading cause of mortality worldwide and is likely to rise.
Acute coronary syndrome (ACS) is consequent on inflammation. As a common and cost-effective
inflammatory biomarker, the neutrophil-to-lymphocyte ratio (NLR) may be beneficial in cardiovas-
cular medicine.

Aims: This meta-analysis examines the diagnostic and prognostic performance of the NLR in ACS.

Methods: We systematically searched PubMed Central, Medline, Scopus, EMBASE, Cochrane Central
Register of Controlled Trials, and Clinicaltrial.gov databases. The search spanned from databases
inception to January 10, 2024. The findings were aggregated into normalized mean differences
with 95% confidence intervals.

Results: Ninety articles, with 45 990 participants, were included. Pooled analysis of the NLR varied
and was higher in ST-segment elevation myocardial infarction (STEMI) vs. non-ST-segment elevation
myocardial infarction patients (4.94 + 3.24 vs. 3.24 + 2.74), acute myocardial infarction vs. unstable
angina (4.47 + 3.43 vs. 2.97 + 1.58), ACS vs. stable angina (SA) (5.45 + 4.28 vs. 2.46 + 2.15), and ACS
vs.controls (5.31 +£4.01 vs. 2.46 + 2.45). The NLR also was associated with ACS mortality, with survivors
having lower results (3.67 + 2.72 vs. 5.56 + 3.93). Subanalysis showed that differences in the NLR were
observed in STEMI survivors (4.28 + 3.24 vs. 6.79 + 3.98). Of ACS patients with major cardiovascular
events (MACE) vs. without MACE, the NLR was 6.29 + 4.89 vs. 3.82 £ 4.12. In STEMI patients, the NLR
differed between those with and without MACE (6.99 + 5.27 vs. 4.99 + 4.12).

Conclusions: The NLR is an effective tool for differentiating between different types of ACS. A high
NLR is associated with ACS and increased MACE at 30 days. The NLR also appears to be a good
predictor of MACE risk, at least in STEMI patients.

Key words: acute coronary syndrome, biomarkers, diagnostic techniques, neutrophil-to-
lymphocyte ratio, prognosis
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WHAT'S NEW?

Research published so farindicates that the neutrophil-to-lymphocyte ratio (NLR) may be an effective and cost-effective predictor
of outcomes in conditions where inflammation has a crucial role. This meta-analysis aimed to determine the diagnostic and
prognostic performance of the NLR in acute coronary syndromes (ACS). Our study showed that the NLR is an effective tool for
differentiating between different types of ACS. The NLR is higher in acute myocardial infarction (AMI) vs. unstable angina (UA),
ACS vs. stable angina (SA), ACS vs. controls, and between ACS survivors vs. ACS deceased. A high NLR is associated with ACS and
increased major cardiovascular events (MACE) at 30 days. The NLR also appears to be a good predictor of MACE risk. Considering
the above results, as well as the wide availability and cost-effectiveness of the NLR index, our meta-analysis has suggested the
potential positive predictive and diagnostic properties of the NLR in ACS patients.

INTRODUCTION

The neutrophil-to-lymphocyte ratio (NLR) is a cost-effective
potential inflammatory marker used to assess the prognosis
in many diseases, such as COVID-19 [1], diabetes [2], head
and neck cancer [3], multiple organ dysfunction syndrome
[4], etc. The NLR is also recommended as a potentially
useful indicator for assessing the response to neoadjuvant
chemotherapy in triple-negative breast cancer [5]. The
biomarker may also have applications in cardiovascular
disease diagnosis and prediction. In a recently published
retrospective observational study, Ha et al. showed that an
NLR >3.4 is associated with worse one-year survival after
percutaneous coronary intervention (91.4% vs. 95.4%, log-
rank P <0.004) [6]. It is also recommended to use the NLR,
rather than other hematological parameters, such as white
blood cell count, for 30-day mortality risk stratification in
elderly patients after acute coronary syndrome (ACS) [7].
Finally, in patients with heart failure, an increased NLR
was associated with increased all-cause mortality during
a median follow-up of 66 months [8].

Many mechanisms related to the functioning of the
immune system have been well described in the develop-
ment of atherosclerosis and atherothrombosis [9, 10]. Mac-
rophages and T lymphocytes are involved in the process
of formation and development of atherosclerotic plaque.
Additionally, pro-inflammatory cytokines, e.g., interleukins
(especially IL-1, IL-6, IL-12, and IL-18), accelerate the devel-
opment of atherosclerotic lesions. Other pro-inflammatory
proteins, including tumor necrosis factor-a (TNF-alpha)
or macrophage colony-stimulating factor (M-CSF), have
similar properties [11]. In patients with diagnosed heart
failure (both with preserved and reduced ejection frac-
tion), increased concentrations of inflammatory cytokines
are observed. Elevated cytokine levels also correlate with
increased risk of decompensation and negative outcomes
[12,13].

Anti-cytokine drugs may be a promising strategy in the
development of cardiovascular pharmacotherapy, especial-
ly when included as part of a personalized approach [14,
15].The introduction of these types of drugs is an additional
argument in support of the pro-inflammatory etiology of
cardiovascular diseases and to reduce inflammation-related
residual CVD risk. Unfortunately, conducting a clinical trial
with unambiguous results in this population has been

achallenge. Clinical trials to date, in most cases, have been
terminated prematurely due to lack of direct benefit to
participants or lack of impact on endpoints such as major
adverse cardiovascular events (MACE) [16].

Overall, given the potential usefulness of the NLR in
assessing prognosis in patients after ACS, this meta-anal-
ysis aims to determine NLR utility as a prognostic and
diagnostic biomarker.

MATERIAL AND METHODS

The present study employed a systematic review and me-
ta-analysis approach, adhering to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) protocol (Supplementary
material, Table ST) [17]. There was no patient or public
involvement in this study. A full study protocol is available
for this review and can be accessed on PROSPERO, an in-
ternational register of systematic reviews (Record number:
CRD42023468529). The data underlying this article will be
shared upon reasonable request.

Data sources and searches

Two authors (MP and MT) independently conducted a com-
prehensive systematic review of the literature, encompass-
ing all publications cited on the PubMed, Medline, Scopus,
Embase, the Cochrane Central Register of Controlled Trials,
and Clinicaltrial.gov databases, from databases inception
to January 10, 2024. The search phrase employed for
this purpose was as follows: “neutrophil-to-lymphocyte
ratio” OR “neutrophil-to-lymphocyte ratio” OR “neutro-
phil/lymphocyte ratio” OR “neutrophil-lymphocyte ratio”
OR “neutrophil-lymphocyte ratio” OR “Neutrophils to
lymphocytes ratio” OR“Neutrophils-to-lymphocytes ratio”
OR “neutrophils lymphocytes ratio” OR “neutrophils/lym-
phocytes ratio” OR “NLR” AND “acute coronary syndrome”
OR“ACS” or “ST Segment Elevation Myocardial Infarction’
OR“ST Elevated Myocardial Infarction” OR“ST-elevation MI”
OR“STEMI”OR“non-ST elevation myocardial infraction”OR
“NSTEMI” OR “myocardial Infarction” OR “unstable angina”
Moreover, we searched the bibliographies of the target
studies for additional references. If multiple publications
from partially or completely overlapping cohorts were
found, only the most recent publication with the larger
sample size was included.
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Inclusion and exclusion criteria

The inclusion criteria were randomized and non-rand-
omized trials, as well as studies that reported NLR values
in adult participants (aged =18 years) with different ACS
forms. Reviews, meta-analyses, editorials, conference
papers, case series with <10 participants, studies of pedi-
atric populations, and non-English language studies were
excluded.

Data extraction and quality assessment
Data was extracted by three independent reviewers (MP,
MT, and LS) into a structured pro forma in an Excel sheet.
Any discrepancies were resolved by consensus following
adiscussion with all the reviewers. Data on study character-
istics (author, country, region, study design, sample sizes),
patient demographics (baseline characteristics, major
cardiovascular event [MACE] [Supplementary material,
Table S2]), and NLR values were extracted. We extracted the
mean and standard deviation or median and interquartile
range for continuous variables and the number of patients
belonging to each category for dichotomous variables.
Observational studies were appraised using the
modified Newcastle-Ottawa Scale [18]. In each study, the
domains that were assessed included the representation of
patients by the subjects, selection of comparative groups,
ascertainment of exposure and outcomes, and duration
and comprehensiveness of follow-up, if applicable. The
quality assessment of articles ranged from low (0-4),
moderate (5-6), to high scores (7-9), representing three
different levels of study quality.

Statistical analysis

The statistical analysis was performed in accordance with
the recommendations of the Cochrane Collaboration and
the standards for reporting the quality of meta-analyses
[19]. Statistical analyses were performed using Review
Manager software (version 5.4, Nordic Cochrane Centre,
Cochrane Collaboration, Denmark) and Stata (version
14, StataCorp, College Station, TX, US). Outcomes were
reported as the pooled odds ratio (OR), standard mean
difference (SMD), and the corresponding 95% confidence
intervals (95% Cl). When the continuous outcome was
reported as median, range, and interquartile range, we
estimated means and standard deviations using the for-
mula described by Hozo et al. [20]. Random-effects models
were used for all analyses. Heterogeneity between studies
was assessed quantitatively using the 12 statistic. 12 values
of <50%, between 50% and 75%, and >75% were taken
to represent low, moderate, and high degrees of hetero-
geneity, respectively. All tests were 2-sided and P-values
<0.05 were considered statistically significant. We used
Egger’s test and funnel plots to check for potential bias
and performed funnel plot tests for asymmetry to assess
potential publication bias if there were more than ten trials
in a single meta-analysis. Finally, in sensitivity analyses,
leave-one-out analysis was performed.

RESULTS

Characteristics and quality assessments

of included studies

The flow diagram of the study selection process is shown
in Figure 1. In the primary search, a total of 1148 refer-
ences were initially included. Of these, 443 articles were
eliminated due to duplication, while additional 502 arti-
cles were omitted based on an assessment of their titles
and abstracts. Following a comprehensive examination
of 203 research studies, 113 were excluded due to their
publication category (44 case reports/series, 18 abstracts,
17 letters/editorials, and 34 review articles). Finally, 90 ar-
ticles were included in this meta-analysis [S1-S90].

Essential characteristics of the included studies are
outlined in Supplementary material, Table S3. Overall, the
86 studies included in this meta-analysis provided a com-
bined cohort of 45 990 patients. The sample size of studies
varied from 59 to 6560 patients.

Of all analyzed studies, 90 were cohort studies, 34 were
prospective studies, 42 were retrospective studies, and
14 were cross-sectional studies. The worldwide distribution
of studies is presented in Figure 2. All studies had high
quality based on Newcastle Ottawa Scale (Supplementary
material, Table S3).

Meta-analysis

Pooled analysis of the NLR varied and was higher in ST-seg-
ment elevation myocardial infarction (STEMI) vs. non-
ST elevation myocardial infarction (NSTEMI) patients;
494 + 324 vs.3.24+2.74 (SMD =0.61; 95% Cl, 0.39-0.83;
P <0.001; Figure 3). It also showed a difference between
acute myocardial infarction (AMI) vs. unstable angina (UA)
(4.47 +3.43vs.2.97 £1.58;SMD=1.19;95% Cl, 0.80-1.59; Fig-
ure 4), ACS vs. stable angina (SA) (5.45 +4.28 vs.2.46 £ 2.15;
SMD =1.67;95% Cl, 1.29-2.04; P <0.001; Figure 5),and ACS
vs. controls (SMD =5.31 £ 4.01 vs. 2.46 + 2.45; SMD = 0.93;
95% Cl, 0.70-1.16; P <0.001; Figure 6).

The NLR also was associated with mortality in ACS,
with survivors having lower results; 3.67 £ 2.72 vs.
5.56 +3.93 (SMD =-2.55;95% Cl,-3.90to -1.19; P <0.001).
Subanalysis showed that differences in the NLR were
observed in STEMI survivors (4.28 + 3.24 vs. 6.79 + 3.98;
SMD =-1.94;95% Cl, -2.82 to -1.07; P <0.001) but not ob-
served in those with NSTEMI (SMD =-0.63; 95% Cl,-2.54 to
1.28; P=0.52; Figure 7). No bias was found in the results of
the studies in funnel plots of mortality risk.

Twenty-three studies also reported the relationship
between NLR levels and MACE occurrence. Of ACS patients
with MACE, the NLR was 6.29 + 4.89, compared to only
3.82 + 4.12 for those without MACE (SMD = 2.80; 95% Cl,
1.28 to 4.32; P <0.001). In the subgroup of patients with
STEMI, the NLR was different between patients with and
without MACE; 6.99 + 5.27 vs. 4.99 £ 4.12, respectively
(SMD = 1.85; 95% Cl, 0.90 to 2.80; P <0.001). In NSTEMI
patients, the NLR ratio for those with and without MACE
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Databases (n = 1148)

Primary screening of title
and abstract (n = 705)

Reports sought
for retrieval (n = 203)

Full-text articles screening
for eligibility (n = 203)

Studies included
in review (n = 90)

Records removed before screening:
« Duplicate records removed (n = 443)

Records excluded
(n=502)

Reports not retrieved
(n=0)

Reports excluded (n = 113):

« Relevant data could not be
obtained/abstracts (n = 18)

« Reviews or conference papers
(n=34)

. Letters or editorials (n=17)

« Case reports/series (n = 44)

Figure 1. Flow diagram of study selection

Figure 2. Worldwide distribution of studies included in the meta-analysis
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STEMI NSTEMI Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Sayed 2022 3.3 0.75 58 2.78 0.58 49 3.5% 0.76 [0.37, 1.16] -
Algin 2021 3.44 0.94 30 2.24 0.28 79 3.3% 2.19[1.67, 2.70] I
Babes 2021 5.47 5.09 381 3.85 535 114 3.8% 0.31[0.10, 0.52] -
Bekler 2014 499 2.11 122 4.87 2.03 238 3.8% 0.06 [-0.16, 0.28] e
Damar 2022 5.33 5.26 75 5.56 5.65 63 3.6% -0.04 [-0.38, 0.29] -
Erdogan 2021 4.98 0.98 94 3 04 97 3.5% 2.65 [2.26, 3.04] -
Ertiirk 2017 6.13 434 104 3.3 236 101 3.7% 0.80[0.52, 1.09] -
Guo 2018 898 529 396 6.99 451 261 3.9% 0.40 [0.24, 0.56] -
Karadeniz 2023 3.13 0.48 403 2.63 0.38 700 3.9% 1.19[1.06, 1.32] -
Leylek 2020 4.03 2.89 49 3.05 1.59 51 3.5% 0.42[0.02, 0.82] ——
Li 2019 3.81 1.22 62 4.89 0.76 20 3.2% -0.95[-1.47,-0.42] —_—
Mansiroglu 2020 7.93 6.38 103 5.19 48 221 3.8% 0.51[0.27,0.75] -
Maréchal 2020 5 1.2 27 3.75 0.75 25 3.1% 1.22[0.62, 1.82] —_—
Mayyas 2014 6.59 1.73 41 2.83 0.27 41 3.0% 3.01[2.37, 3.65] —
Quisi 2021 5.63 2.53 218 2.79 1.04 200 3.8% 1.44[1.23, 1.66] -
Selanno 2022 17.76 9.64 152 10.75 5.93 93 3.8% 0.83 [0.56, 1.10] -
Setianingrum 2019 5.89 2.6 35 7.97 5.66 24 3.2% -0.50[-1.03, 0.03] —
Sheng 2021 4.02 2.24 24 3.58 1.87 25 3.2% 0.21[-0.35,0.77] T
Siddig 2020 3 09 70 6.8 5.9 15 3.1% -1.47[-2.07,-0.87] I
Sonmez 2015 5.1 56 45 5 5.2 65 3.6% 0.02 [-0.36, 0.40] T
Sultana 2023 4.43 3.46 55 4.38 4.99 33 3.4% 0.01[-0.42, 0.44] -1
Zazula 2007 6.9 5.7 45 4.8 3.7 65 3.5% 0.45 [0.07, 0.84]
Zhan 2016 5.77 0.47 237 5.24 0.8 74 3.7% 0.93 [0.66, 1.21] -
Zhang 2019 4.35 0.89 59 292 0.38 100 3.5% 2.30[1.89,2.71] —_—
Zhang 2021 4.29 0.79 102 4.3 0.77 96 3.7%  -0.01[-0.29,0.27] -
Zhang 2023 6.84 5.76 604 6.66 5.33 386 3.9% 0.03 [-0.10, 0.16] r
Zuin 2017 3.05 1.95 2341 2.43 1.21 4219 4.0% 0.41 [0.36, 0.46] -
Ozbay 2020 5.64 4.22 225 53 35 141 3.8% 0.09 [-0.12, 0.30] T
Total (95% CI) 6157 7596 100.0% 0.61 [0.39, 0.83] L 2
Heterogeneity: Tau? = 0.31; Chi? = 714.29, df = 27 (P < 0.00001); 1> = 96% 5 =) ) 3 7
Test for overall effect: Z = 5.47 (P < 0.00001) STEMI NSTEMI

Figure 3. Forest plot of the neutrophil-to-lymphocyte ratio in STEMI and NSTEMI patients. The center of each square represents the stan-
dardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confidence interval. The diamonds
represent pooled results

Abbreviations: Cl, confidence interval; NSTEMI, non-ST-segment elevation myocardial infarction; SD, standard deviation; STEMI, ST-segment
elevation myocardial infarction

AMI UA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI|
Al-Sayed 2022 3.06 0.72 107 0.93 0.08 23 5.2% 3.23 [2.63, 3.83] —_—
Bekler 2014 491 2.06 360 4.24 197 142 5.8% 0.33[0.13, 0.52] -
Ertiirk 2017 4.74 3.78 205 2.61 159 114 5.8% 0.67 [0.43, 0.90] -
Guo 2018 8.19 5.09 657 3.38 18 216 5.9% 1.07 [0.90, 1.23] -
Li 2019 4.07 1.21 82 291 0.83 10 5.0% 0.98 [0.30, 1.65] —_—
Mansiroglu 2020 6.06 549 324 292 239 102 5.8% 0.64 [0.41, 0.86]
Maréchal 2020 4.39 1.18 52 2.3 0.35 19 5.1% 2.01[1.38, 2.63] I
Sheng 2021 3.79 2.05 49 2.68 1.68 156 5.7% 0.62 [0.30, 0.95] -
Siddig 2020 3.67 2.93 85 29 18 15 5.3% 0.27 [-0.28, 0.82] T
Sultana 2023 4.41 4.07 88 4 4.82 12 5.2% 0.10 [-0.51, 0.70] -1
Tahto 2017 4.21 1.08 50 2.42 0.34 50 5.4% 2.22[1.72,2.72] -
Tenekecioglu 2015 3.95 1.91 101 3.25 1.32 83 5.7% 0.42[0.12, 0.71] -
Zazula 2007 5.66 471 110 3.6 29 33 5.6% 0.47 [0.08, 0.86] —
Zhan 2016 5.64 0.61 311 2.97 0.43 65 5.5% 4.57 [4.15, 4.99] -_
Zhang 2019 3.45 093 159 2.92 0.29 150 5.8% 0.76 [0.53, 0.99] -
Zhang 2021 4.29 0.78 198 3.1 0.46 98 5.7% 1.72 [1.44, 2.00] -
Ozbay 2020 5.6 3.6 148 26 13 399 5.8% 1.38[1.17, 1.58] -
Oztiirk 2013 3.57 0.99 40 3.31 0.91 44 5.5% 0.27 [-0.186, 0.70] T
Total (95% CI) 3126 1731 100.0% 1.19 [0.80, 1.59] <&
Heterogeneity: Tau® = 0.68; Chi* = 517.78, df = 17 (P < 0.00001); I = 97% 754 752 5 é ;1
Test for overall effect: Z = 5.97 (P < 0.00001) AMI UA

Figure 4. Forest plot of the neutrophil-to-lymphocyte ratio in acute myocardial infarction (AMI) vs. unstable angina (UA) patients. The center
of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95%
confidence interval. The diamonds represent pooled results

ACS SA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Del Turco 2022 53 43 361 2.6 2.6 1545 13.8% 0.90 [0.78, 1.02] -
Guo 2018 6.99 496 873 2.12 0.88 126 13.0% 1.05[0.85, 1.24] -
Ling 2021 2.5 0.27 201 2.13 0.15 145 12.3% 1.62 [1.38, 1.87] -
Maréchal 2020 3.84 1.39 71 2.4 0.35 37 9.4% 1.25[0.81, 1.68] -
Mustafic 2020 5.09 3.67 59 2.28 1.04 23 8.4% 0.88[0.38, 1.38] —
Nilsson 2014 2 0.25 20 2 0.25 30 7.6% 0.00 [-0.57, 0.57] e
Tanindi 2014 26 11 58 2.2 1.2 93  11.0% 0.34 [0.01, 0.67] =
Yu 2016 4.93 3.15 349 2.27 1.02 342 13.3% 1.13[0.97, 1.29] -
Zhang 2014 3.64 1.94 76 2.34 1.19 92 11.2% 0.82[0.51, 1.14] -
Total (95% CI) 2068 2433 100.0% 0.93 [0.70, 1.16] L 2
Heterogeneity: Tau? = 0.09; Chi? = 60.00, df = 8 (P < 0.00001); 1> = 87% _'4 _'2 ) é ;
Test for overall effect: Z = 8.01 (P < 0.00001) ACS SA

Figure 5. Forest plot of the neutrophil-to-lymphocyte ratio in acute myocardial infarction (ACS) vs. stable angina (SA) patients. The center
of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95%
confidence interval. The diamonds represent pooled results
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ACS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bandara 2018 7 5.86 350 5.55 4.32 250 4.5% 0.27 [0.11, 0.44] -
Canga 2018 2.39 0.91 52 1.63 0.22 30 4.3% 1.02 [0.54, 1.50] -
Cao 2023 5.85 0.97 284 1.98 0.23 91 4.3% 4.53 [4.13, 4.93] .
Chawla 2019 7.3 5.8 84 2.1 0.7 32 4.3% 1.04 [0.61, 1.47] -
Damar 2022 544 543 138 2.17 1.1 62 4.4% 0.71[0.41, 1.02] -
Del Turco 2022 53 43 361 26 3.4 806 4.5% 0.73 [0.60, 0.86] -
Ertiirk 2017 4 33 319 2.1 1.4 283 4.5% 0.73[0.57, 0.90] -
Gunes 2019 26 1.9 120 19 1.3 410 4.5% 0.48[0.27, 0.69] -
Haque 2022 3.88 2.24 138 1.63 0.33 134 4.5% 1.39[1.13, 1.66] -
Li 2019 3.94 1.23 92 1.77 0.15 96 4.4% 2.49[2.11, 2.88] -
Nilsson 2014 2 0.25 20 1.53 0.18 37 4.0% 2.24 [1.55, 2.93] -
Rao 2019 8.67 2.06 48 2.09 0.45 48 3.9% 4.38[3.63, 5.13] —_-
Setianingrum 2019 6.74 4.21 59 1.64 0.55 38 4.3% 1.53 [1.07, 1.99] -
Shumilah 2021 6.5 3 100 1.9 0.9 100 4.4% 2.07 [1.72, 2.41] -
Sivri 2018 6.99 3.33 210 2.65 0.83 185 4.5% 1.74 [1.50, 1.97] -
Sonmez 2015 5.04 534 110 2.2 1 45 4.4% 0.62[0.27, 0.98] =
Topf 2022 4.02 0.88 63 2.14 0.26 68 4.2% 2.93[2.43, 3.43] -
Tsai 2017 3.6 3.7 131 22 1.2 114 4.5% 0.49 [0.24, 0.75] -
Turkmen 2013 71 46 145 23 1.7 101 4.5% 1.29[1.02, 1.57] -
Yu 2016 4.93 3.15 349 2.14 1.97 251 4.5% 1.02 [0.85, 1.20] -
Zazula 2007 5.18 4.44 143 3 16 38 4.4% 0.54[0.18, 0.90] -
Caltekin 2020 5.61 0.75 86 2.09 0.2 82 3.9% 6.32 [5.57, 7.07] -_
Oztiirk 2013 3.43 0.95 84 2.61 0.64 40 4.4% 0.94 [0.55, 1.34] -
Total (95% CI) 3486 3341 100.0% 1.67 [1.29, 2.04] L3
Heterogeneity: Tau? = 0.79; Chi? = 946.32, df = 22 (P < 0.00001); I> = 98% =_10 _=5 5 é 10=
Test for overall effect: Z = 8.75 (P < 0.00001) ACS Control

Figure 6. Forest plot of the neutrophil-to-lymphocyte ratio in acute coronary syndrome (ACS) vs. control patients. The center of each square
represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confidence inter-
val. The diamonds represent pooled results

Survivors Non-survivors Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 ACS
Babes 2021 3.52 4.08 849 6.45 6.79 87 11.1% -0.67 [-0.89, -0.44] -
Bajari 2017 4.1 3.39 353 7.92 3.46 47 11.1% -1.12 [-1.44, -0.81] -
Chen 2023 3.63 0.49 1418 8.71 1.66 132 11.1% -7.54[-7.86,-7.22] -
Guo 2018 8.38 6.91 317 13.78 5.91 39 11.1% -0.79[-1.13, -0.45] -
Kahraman 2022 3.59 0.62 475 5.25 1.79 50 11.1% -2.06 [-2.38, -1.74] -
Monteiro Junior 2018 3.6 0.49 411 09.39 231 55 11.0% -6.33 [-6.83, -5.84] -
Pieszko 2019 2.7 0.3 4287 3.88 0.58 766 11.2% -3.31[-3.41,-3.21] =
Sharma 2015 3.87 2.05 863 5.14 2.28 96 11.1% -0.61[-0.82,-0.40] -
Yan 2020 3.83 2.86 370 6.21 6.72 153 11.1% -0.55[-0.74,-0.35] -
Subtotal (95% CI) 9343 1425 100.0% -2.55[-3.90, -1.19] -
Heterogeneity: Tau? = 4.29; Chi® = 2567.58, df = 8 (P < 0.00001); I = 100%
Test for overall effect: Z = 3.68 (P = 0.0002)
1.5.2 STEMI
Akhter 2023 2.74 099 154 4.1 2.4 5 7.8% -1.29[-2.19, -0.39] -
Babes 2021 5.16 4.52 310 6.84 6.97 71 8.5% -0.33 [-0.59, -0.07] -
Ghaffari 2014 564 0.19 389 839 179 15 8.1% -7.17 [-7.89, -6.46] -
Jadhav 2022 434 2.89 332 6.18 3.26 68 8.5% -0.62 [-0.89, -0.36] -
Lin 2021 7.07 5.24 157 10.44 4.85 24 8.4% -0.65[-1.08, -0.21] -
Oh 2020 3.23 0.65 982 5.68 0.98 75 8.5% -3.61[-3.89, -3.33] -
Paul 2021 15.31 7.86 92 12.84 8.3 10 8.2% 0.31 [-0.34, 0.96] T
Sharma 2023 2.91 1.13 92 5.56 4.11 18 8.3% -1.36 [-1.90, -0.82] -
Sigirci 2020 2.68 0.52 1086 4.18 0.75 102 8.5% -2.76[-2.99, -2.53] -
Siraj 2020 6.09 1.03 168 843 1.02 23 8.3% -2.27[-2.76, -1.77] -
Tanriverdi 2017 5 43 338 89 6.1 30 8.4% -0.87 [-1.25, -0.49] -
Wang 2022 499 0.87 264 7.93 1.38 132 8.5% -2.75[-3.03, -2.47] -
Subtotal (95% CI) 4364 573 100.0% -1.94 [-2.82, -1.07] <&
Heterogeneity: Tau? = 2.33; Chi® = 780.00, df = 11 (P < 0.00001); I* = 99%
Test for overall effect: Z = 4.35 (P < 0.0001)
1.5.3 NSTEMI
Babes 2021 3.66 5.22 101 5.29 6.32 13 33.0% -0.30 [-0.88, 0.28] -
Guclu 2020 2.71 0.41 148 6 3.77 22 33.2% -2.36[-2.88,-1.85] -
Karaoglu 2021 444 42 60 2.6 1.57 199 33.8% 0.75 [0.46, 1.05] =
Subtotal (95% Cl) 309 234 100.0% -0.63 [-2.54, 1.28] -
Heterogeneity: Tau? = 2.79; Chi? = 106.37, df = 2 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.65 (P = 0.52)
~10 -5 0 5 10
Survivors Non-survivors

Figure 7. Forest plot of the neutrophil-to-lymphocyte ratio in survivors vs. non-survivors in ACS, STEMI, and NSTEMI patients. The center of
each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confi-
dence interval. The diamonds represent pooled results

Abbreviations: see Figure 3
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Complications

No Complications

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 ACS
Adam 2018 3.55 3.1 102 2.7 2.13 195 9.1% 0.34 [0.10, 0.58] ™
Babes 2021 53 59 193 341 3.94 743 9.1% 0.43 [0.27, 0.59] -
Bicciré 2023 6.63 1.32 71 3.6 0.63 398 9.1% 3.91 [3.55, 4.27] -
Chen 2020 8.11 1.92 20 6.39 2.69 87 9.1% 0.67 [0.17, 1.16] -
Gu 2021 4.19 0.79 98 2.15 0.29 552 9.1% 5.02 [4.67, 5.37] -
Hoang Ngo 2023 4.73 0.78 44 3,19 0.54 98 9.1% 2.46 [2.00, 2.91] -
Huang 2009 12.41 6.82 167 14.34 831 456 9.1% -0.24 [-0.42, -0.07]
Immanuel 2021 4.82 7.39 31 435 3.23 28 9.0% 0.08 [-0.43, 0.59] T
Karadeniz 2023 6.53 0.82 195 235 0.27 908 9.1% 9.89 [9.44, 10.33] -
Li 2020 5.44 0.81 81 296 0.39 421 9.1% 5.13 [4.74, 5.53] -
Li 2022 2.92 0.29 107 2.27 0.2 1594 9.1% 3.14 [2.92, 3.36] -
Subtotal (95% CI) 1109 5480 100.0% 2.80[1.28, 4.32] -
Heterogeneity: Tau? = 6.55; Chi? = 3157.85, df = 10 (P < 0.00001); I* = 100%
Test for overall effect: Z = 3.62 (P = 0.0003)
1.6.2 STEMI
Ahmed 2020 7.8 7.4 79 6.1 5.5 528 11.3% 0.29 [0.06, 0.53] =
Babes 2021 6.47 6.31 120 5.01 436 261 11.3% 0.29 [0.07, 0.51] '
Hartopo 2015 7.9 438 49 5.7 4.1 116  11.2% 0.51[0.17, 0.85] -
Her 2017 8.46 6.09 27 3.56 2.81 145 11.1% 1.39 [0.95, 1.82] -
Jadhav 2022 52 3.01 181 4.15 296 219 11.3% 0.35 [0.15, 0.55] ol
Karadeniz 2023 6.53 0.65 76 2.6 0.3 327 10.6% 10.06 [9.31, 10.80] -
Konishi 2017 10.8 7 68 6.6 4.6 263 11.3% 0.81 [0.54, 1.08] -
Oncel 2015 8.18 1.16 11 3.07 177 90 10.6% 2.95 [2.20, 3.70] -
Zhang 2015 7.04 2.09 36 6.23 1.49 212 11.2% 0.51 [0.15, 0.86] -
Subtotal (95% CI) 647 2161 100.0% 1.85 [0.90, 2.80] ’
Heterogeneity: Tau® = 2.08; Chi? = 696.28, df = 8 (P < 0.00001); I> = 99%
Test for overall effect: Z = 3.80 (P = 0.0001)
1.6.3 NSTEMI
Babes 2021 4.26 5.03 30 3.81 5.45 84  25.0% 0.08 [-0.33, 0.50] *
Dehghani 2014 23 03 81 215 0.3 409 251% 0.50 [0.26, 0.74] .
Karadeniz 2023 6.53 0.88 119 223 0.25 581 24.9%  10.05[9.48, 10.61] -
Wang 2020 4.23 2.36 32 279 134 182 25.0% 0.94 [0.55, 1.32] -
Subtotal (95% CI) 262 1256 100.0% 2.88 [-0.56, 6.33] i
Heterogeneity: Tau® = 12.31; Chi? = 1002.36, df = 3 (P < 0.00001); I* = 100%
Test for overall effect: Z = 1.64 (P = 0.10)
-10 -5 0 5 10

Complications Non-complications

Figure 8. Forest plot of the neutrophil-to-lymphocyte ratio for major cardiovascular events (MACE) and non-MACE in ACS, STEMI, and NSTEMI
patients. The center of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line
represents a 95% confidence interval. The diamonds represent pooled results

Abbreviations: see Figure 3

was 4.86 + 2.69 vs. 2.39 £ 1.59, respectively (SMD = 2.88;
95% Cl, 2.88; 95% Cl, -0.56 to 6.33; P = 0.10; Figure 8). No
bias was found in the results of the studies on funnel plots
of MACE risk.

DISCUSSION

Our meta-analysis showed that the NLR was higher in
AMI vs. UA, ACS vs. SA, ACS vs. controls, and ACS survivors
vs. ACS deceased. The NLR was also higher for patients
suffering a MACE compared to those without a MACE-based
endpoint. Considering the above results as well as the wide
availability and cost-effectiveness of the NLR index, our
meta-analysis has suggested the potential good predictive
and diagnostic properties of the NLR in ACS patients. Fur-
thermore, our meta-analysis showed that the NLR may be
agood predictor of MACE risk, at least in STEMI patients.The
latter may be particularly useful in routine clinical settings.

Other meta-analyses conducted to date have provided
results similar to our findings. In a 2018 meta-analysis that
included 14 studies and 10 245 post-STEMI patients after
percutaneous coronary intervention, the authors found
NLR differences in numerous parameters (mortality, MACE,
stent thrombosis, long-term mortality, etc.). Furthermore,
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compared to other meta-analyses, as well as ours, the pop-
ulation included in the just-mentioned analysis was more
homogeneous [21]. Moreover, in a meta-analysis by Dong
etal, the authors reported that an increased NLR before ACS
treatment was associated with poor long-term prognosis
and higher in-hospital mortality compared to patients with
lower NLR values. Importantly, their work proposed an NLR
cut-off of 5.0 as a risk estimation after ACS [22]. Taking into
account the results of our meta-analysis and the previously
presented meta-analyses [23], a 5.0 risk stratification cut-off
point seems reasonable.

Other meta-analyses have indirectly suggested NLR
value in predicting cardiovascular risk, thus supporting its
use in cardiovascular medicine. For example, the NLR may
predict cardiovascular or all-cause mortality in patients
with chronic kidney disease as shown by a 2021 me-
ta-analysis in which a higher NLR rate was associated with
increased risk of cardiovascular mortality (HR 1.45; 95%
Cl, 1.18-1.79; P <0.001) [24]. The same conclusion was
reported in another meta-analysis [25]. The NLR may also
be a useful biomarker in differentiating patients requiring
in-depth diagnostics for coronary artery abnormalities
and in patients with Kawasaki disease [26]. In the context
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of acute pulmonary embolism, the NLR turned out to be
a good predictor of short-term (in-hospital and 30-day)
mortality and long-term mortality [27]. Additionally, when
assessing the predictive properties of the NLR, it should be
taken into account that recognized cardiovascular risk fac-
tors are also associated with an increased NLR value. Thus,
poor glycemic control, as indicated by elevated HbATc,
leads toincreased NLR values [28]. A similarly elevated NLR
is observed in patients with hypertension [29].

Compared to other biomarkers of the systematic in-
flammatory response, the NLR is easier to obtain; a basic
blood count is sufficient [30, 31]. Moreover, compared to
other leukocyte subtypes, itis a more stable biomarker [32].
Thus, the NLR is an effective and cost-effective alternative
to other biomarkers. As with most biomarkers, studies are
needed to demonstrate the true prognostic value of the
cut-off.

Considering the above, the predictive properties of
the NLR in the context of MACE risk seem to be the most
clinically useful. Identifying patients at the highest risk of
developing MACE within a predictable and well-defined
time frame remains a significant clinical challenge. Iden-
tification of patients at risk of MACE may lead to more
optimized care for this group of patients. However, our
meta-analysis showed some limitations in this context,
primarily the lack of statistical significance for patients
with NSTEMI (NLR for those with and without MACE was
4.86 + 2.69 vs. 2.39 + 1.59, respectively; SMD = 2.88; 95%
Cl, 2.88; 95% Cl, -0.56 to 6.33; P = 0.10). Therefore, the
clinical usefulness of the NLR would be limited to STEMI
patients, for whom statistical significance was obtained.
This difference seems justified on the basis of basic science.
Since in the course of STEMI, myocardial damage and
microvascular obstruction are usually more prominent
compared to NSTEMI, activation of the immune system is
more expected, leading to an increased NLR value [33, 34].
Further research, in particular, to confirm the usefulness
of the predictive properties of the NLR in the context of
MACE, is needed. Research should also define the time
interval in which NLR-based prediction is most accurate as
well as indicate for which outcomes (defined variously in
studies as components of the composite MACE endpoint)
the predictive properties of the NLR may be most useful.

Limitations of the study

Some limitations of the current meta-analysis should be
highlighted. As the summation of the totality of the data
was derived from retrospective analyses, prospective val-
idation would still be of value to determine the impact of
interventions applied to patients identified by the NLR as
high-risk. Finally, although others have evaluated a broader
spectrum of cardiovascular diseases, our analysis was lim-
ited to only adult patients with acute coronary syndromes;
therefore, our conclusions must be restricted to this cohort.
Ultimately, despite these limitations, the large sample size
analyzed in this study suggests that the NLR is an excellent

predictor of outcomes in selected patients with specific
cardiovascular pathology.

CONCLUSIONS

Overall, we evaluated 86 studies, involving 44 486 patients
and concluded that NLR is an effective tool for differentiat-
ing between different types of ACS. A high NLRis associated
with ACS and increased MACE at 30 days. The NLR also
appears to be a good predictor of MACE risk, at least in
STEMI patients. Further research should aim to confirm in
which patient population the NLR has the best predictive
properties, what time frame is acceptable, and for which
MACE the NLR shows predictive properties.
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