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Abstract

Cardiovascular diseases (CVDs) remain the leading cause of death globally. The neutrophil-to-
lymphocyte ratio (NLR), an inexpensive inflammatory biomarker derived from routine blood counts,
has shown promise for risk stratification, yet pooled prognostic evidence across heterogeneous CVD
populations remains limited. This study systematically synthesised the prognostic value of baseline
NLR for mortality across the full spectrum of CVD. Following PRISMA 2020 guidelines, PubMed,
Scopus, and Web of Science were searched (January 2011-March 2026). Studies reporting
multivariable-adjusted hazard ratios (HRs) for mortality in CVD patients with NLR as a prognostic
exposure were included. Random-effects meta-analysis (DerSimonian—Laird), subgroup analyses
(ACS vs. non-ACS; heart failure vs. CAD/interventional), leave-one-out sensitivity analysis, and
publication bias tests (Egger’s, Begg’s) were performed. Twenty studies met the inclusion criteria; 16
contributed to the primary mortality HR pool. The pooled adjusted HR was 1.30 (95% CI: 1.20-1.40;
p < 0.001; I? = 89.4%). The ACS/STEMI subgroup showed a higher pooled HR of 2.18 (95% CI:
1.15-4.13) compared with non-ACS conditions (HR = 1.30; 95% CI: 1.20-1.42). The association
remained robust in all leave-one-out iterations. Egger’s test indicated potential publication bias (p =
0.031). Elevated NLR independently predicts mortality across diverse CVD populations. As a
universally available, zero-cost biomarker, NLR holds considerable promise as an adjunctive risk-
stratification tool. Future research should establish standardised cutoffs and test NLR-guided
management strategies.

Keywords: Neutrophil-to-lymphocyte ratio; cardiovascular disease; mortality;, meta-analysis;
systematic review, inflammatory biomarker
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1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality in every
region of the world, and this condition causes about one-third of all worldwide deaths (Roth et al.,
2020). According to the Global Burden of Disease 2023 report, it was estimated that 437 million
disability-adjusted life years were due to CVDs in 204 countries and territories, which is 1.4 times
higher than in 1990 (Martin et al., 2024). More than 20.5 million people were killed by the
cardiovascular disease in 2021, and about 80 percent of those deaths took place in low- and middle-
income nations (Vos et al., 2024). The major causes of this burden still remain ischaemic heart disease
and stroke, and other conditions such as heart failure, valvular disease, and peripheral arterial disease
only make the problem more difficult to any healthcare system in the world (Tsao et al., 2023).
Although tremendous therapeutic improvements have been made in the last 20 years, such as
percutaneous coronary intervention (PCI), coronary artery bypass grafting (CABG), transcatheter
aortic valve implantation (TAVI), and pharmacological developments, the risk of an adverse outcome
among CVD patients is still unacceptable (Libby et al., 2019). Consequently, a long-standing clinical
requirement exists to have readily available, cost-effective biomarkers, which can be used to stratify
the patients according to their risk at early stages of their disease progression, preferably at the time
they first met a doctor.

A candidate that has arisen as a possible solution to this is the neutrophil-to-lymphocyte ratio
(NLR) which is the number of neutrophils divided by the number of lymphocytes on a routine
complete blood count. NLR is a combination of two immunological responses: the innate
inflammatory response, which is represented by neutrophils, and the adaptive immune-regulatory
response, which is represented by lymphocytes (Bhat et al., 2013). Physiologically, a high NLR is an
indicator of a state of increased systemic inflammation along with a relative lack of
immunosuppression, a dual imbalance that defines the pathobiology of atherosclerosis, plaque
instability, myocardial injury, and adverse cardiac remodelling (Hansson, 2005; Frangogiannis, 2014).
The mechanisms of neutrophilia in acute cardiovascular stress are catecholamine release, cortisol-
induced demargination, and granulopoietic stimulation with the resultant lymphopenia caused by
apoptosis-mediated lymphocyte depletion and redistribution under sympathetic-adrenal activation
(Onsrud and Thorsby, 1981; Acanfora et al., 2001). Since NLR is calculated based on a routine
haemogram, has a very low incremental cost, and no special lab resources are necessary, it is
universally applicable in emergency departments, intensive care units, and primary care throughout
the world (Forget et al., 2017).

Within the last 10 years, a significant amount of primary research studies has investigated the
prognostic importance of NLR in diverse cardiovascular conditions, such as ST-elevation myocardial
infarction (STEMI), non-ST-elevation acute coronary syndromes, stable coronary artery disease, acute
and chronic heart failure, and structural heart disease necessitating TAVI or CABG (Park et al., 2013;
Wasilewski et al., 2016; Merdler et al., 2 Nevertheless, the evidence base is still still in pieces due to
the mixed populations, unequal NLR cutoff settings, and different outcome endpoints. A number of
previous meta-analyses have been done to synthesize this literature, but most of them had focused on
a single disease subtype. An example is Angkananard et al. (2018), which combined 38 studies that
investigated NLR and overall CVD risk but concentrated more on odds ratios of disease incidence and
not prognostic ratios of mortality. In more recent works, Vakhshoori et al. (2023) summarized NLR
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evidence in heart failure, whereas Banahene et al. (2024) limited their study to myocardial infarction.
A 90-study meta-analysis of NLR in acute coronary syndromes by Pruc et al. (2024) proved that it is
a useful diagnostic and prognostic tool in the target population. However, the most recent synthesis
has not adopted a cross-cutting approach to combine adjusted hazard ratios of mortality across the
entire range of cardiovascular disease, in addition to using the larger cohort studies published between
2022 and 2025.

To fill this gap, the current study will focus on updating and conducting a thorough systematic
review and meta-analysis to assess the prognostic value of baseline NLR to predict mortality in
heterogeneous CVD populations. In particular, the main aim is to combine multivariable-adjusted
hazard ratios (HRs) of all-cause or cardiovascular mortality of all eligible observational studies
published between 2011 and 2026 using a random-effects model to factor in future clinical and
methodological heterogeneity. One of the secondary goals is to investigate possible sources of
heterogeneity with the help of pre-specified subgroup analyses stratified by the cardiovascular
condition (acute coronary syndromes versus non-acute conditions) and disease category (coronary
artery disease/interventional cohorts versus heart failure). The results are supposed to explain the scale
and stability of the NLR-mortality relationship in relation to CVD subtypes, guide clinical risk-
stratification choices, and set the research agenda of future studies.

2. Methods
2.1 Protocol and Registration

This meta-analysis and systematic review was performed and presented in compliance with
the Preferred Reporting Items of the Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines (Page et al., 2021). Review protocol was formulated a priori, where the research question,
the eligibility criteria, search strategy, data extraction procedures, quality assessment tool, and
statistical analysis plan were stated. The review was not prospectively enrolled in PROSPERO;
though, all the methodological choices were made prior to the commencement of the literature search
to reduce the risk of reporting bias.

2.2 Search Strategy

A systematic literature search was performed across three -electronic databases:
PubMed/MEDLINE, Scopus, and Web of Science, covering publications from January 1, 2011, to
March 15, 2026. The search strategy was constructed using a combination of Medical Subject
Headings (MeSH) terms and free-text keywords organized around three conceptual blocks: (a) the
exposure of interest (“neutrophil-to-lymphocyte ratio” OR ‘“neutrophil lymphocyte ratio” OR
“NLR”), (b) the population (“cardiovascular disease” OR “coronary” OR “myocardial infarction”
OR “acute coronary syndrome” OR “heart failure” OR “PCI” OR “CABG” OR “TAVI” OR
“transcatheter aortic valve” OR “aortic stenosis ), and (c) the outcome (“prognos*” OR “mortality”
OR “death” OR “outcome*” OR “MACE” OR “MACCE"). These blocks were combined using the
Boolean AND operator. Database-specific adaptations were made for Scopus (TITLE-ABS-KEY
field) and Web of Science (TS field). To maximise retrieval, backward and forward citation chasing
was conducted on included articles and on recent relevant systematic reviews and meta-analyses.

2.3 Eligibility Criteria

Studies were eligible for inclusion if they met all of the following criteria: (1) peer-reviewed,
original human research published between January 2011 and March 2026; (2) enrolled a population
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with an established cardiovascular disease diagnosis; (3) evaluated baseline or peri-procedural NLR
as a prognostic exposure; (4) reported mortality (all-cause or cardiovascular) or major adverse
cardiovascular events as a primary or secondary outcome; and (5) provided an extractable adjusted
effect estimate (hazard ratio [HR], odds ratio [OR], or relative risk [RR]) with a corresponding 95%
confidence interval (CI) from a multivariable regression model. Studies were excluded if they were
reviews, meta-analyses, editorials, conference abstracts without extractable data, or case reports; if the
study population was not cardiovascular in nature; if no quantitative effect estimate with 95% CI was
extractable; if the study presented data from an overlapping cohort; or if the publication fell outside
the specified date window.

2.4 Study Selection and Data Extraction

The flow diagram used to determine the selection of the study was PRISMA 2020 (Figure 1).
The initial search in the database provided 182 records, which were further added with 17 records
found as a result of citation chasing, resulting in a total of 199 records. Following 56 duplicates, 143
unique records were screened in terms of titles and abstracts. Of them, 102 records were left out as
obviously irrelevant. The other 41 full-text reports were evaluated in terms of eligibility. The full-text
stage eliminated 21 reports, no extractable adjusted effect estimate with 95% CI (n = 8), wrong
outcome (n =5), review or commentary (n = 4), overlapping cohort (n = 3), and out of the date window
(n = 1). The outcome of this process was 20 studies that passed all the inclusion criteria. Of these, 16
studies which provided adjusted hazard ratios of mortality were the main meta-analytic pool.

Data were extracted using a standardised form. Variables recorded included: first author, year,
country, cardiovascular condition, study design, sample size, NLR definition and cutoff, follow-up
duration, outcome, effect measure, adjusted estimate with 95% CI, and key covariates. For the primary
meta-analysis, the natural logarithm of the HR (In[HR]) and its standard error (SE) were computed
from the reported HR and 95% CI using the formula: SE = (In [upper CI] — In [lower CI]) / 3.92.
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Figure 1. PRISMA 2020 flow diagram illustrating the identification, screening, eligibility, and
inclusion process for studies evaluating the prognostic value of NLR in cardiovascular disease.
Adapted from Page et al. (2021).
2.5 Quality Assessment

A cohort study using the Newcastle-Ottawa Scale (NOS) was used as a methodological quality
tool of each of the included studies (Wells et al., 2000). The NOS evaluates quality of studies on three
levels, namely, selection (up to four stars), comparability (up to two stars), and outcome ascertainment
(up to three stars), producing a total possible score of nine stars. The articles that had a score of seven
and above were of high quality, four to six was moderate quality, and three or less was low quality
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(Stang, 2010). Each study was examined by two reviewers who then agreed on all issues via
discussion.
2.6 Statistical Analysis

The primary mortality HR pool of 16 studies was used to conduct all the statistical analyses.
Effect sizes were in the form of In(HR) having standard errors. The random-effects model of
DerSimonian and Laird (1986) was used to come up with the pooled estimate, which included both
within-study and between-study variance. The heterogeneity was evaluated based on Cochran Q test
(significance level at p < 0.10) and I? statistics (Higgins et al., 2003), which were divided into low (<
25%), moderate (25-75%), and high (> 75%). Stratification was done based on cardiovascular
condition (ACS/STEMI [k = 5] vs. non-ACS [k = 11]) and disease category (heart failure vs.
CAD/interventional). The sensitivity analyses involved a leave-one-out method. Publication bias was
measured through funnel plot analysis, Egger regression test (Egger et al., 1997) and Begg rank
correlation test (Begg and Mazumdar, 1994). Python 3.11 and the statsmodels and scipy libraries were
used to perform all the analyses. A p value of less than 0.05 was taken as significant.
3. Results
3.1 Study Selection

The PRISMA 2020 flow diagram summarizing the study selection process is presented in
Figure 1. The initial systematic search yielded 182 records, supplemented by 17 from citation chasing
(total 199). Following removal of 56 duplicates, 143 unique records underwent title and abstract
screening, of which 102 were excluded. Forty-one full-text reports were assessed for eligibility; 21
were excluded (eight lacking extractable estimates, five with wrong outcomes, four
reviews/commentaries, three overlapping cohorts, and one outside the date window). Twenty studies
met all inclusion criteria; 16 reporting adjusted HRs for mortality constituted the primary meta-
analytic pool.
3.2 Study Characteristics

The characteristics of the 16 primary-pool studies are summarized in Table 1. Studies were
published between 2013 and 2025 and collectively contributed 30,874 participants to the primary
mortality pool. Most were observational cohort studies, with additional retrospective and registry-
based cohorts. The included populations spanned STEMI/primary PCI, acute or chronic heart failure,
stable or interventional coronary artery disease, TAVI, CABG, CHD with hypertension, and broad
cardiovascular disease cohorts. NLR was modelled either continuously or using predefined cutoffs or
quantiles, and all studies reported multivariable-adjusted estimates.
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Figure 2. Temporal distribution of the 16 primary mortality-pool studies by publication year (bars)
and cumulative sample size (line). The primary mortality pool spans 2013-2025, with accelerating
evidence accumulation from 2022 onward.

As illustrated in Figure 2, the body of evidence has grown substantially over the review period,
with nearly half of all included studies (n = 8) published between 2022 and 2025. The detailed
characteristics of the 16 studies contributing to the primary mortality HR pool are presented in Table
1 below.

Table 1 Characteristics of the 16 Studies Included in the Primary Mortality HR Meta-Analysis Pool

Study Countr | CVD Design N NLR | F/U | Outcom | E | Estimat
y Conditio Defin e M |e (95%
n ition CI)
Park Korea STEMI / | Observatio | 325 | Cutof | ~3 All- HR | 3.12
(2013) Primary | nal cohort f years | cause (1.14-
PCI >5.44 mortalit 8.55)
y
Han Korea STEMI / | Observatio | 326 | Tertil | 12 Death HR | 4.10
(2013) Primary | nal cohort es: mont (1.17-
PCI >6.53 | hs 14.46)
Azab USA CABG Observatio | 1,1 | Conti | 5 All- HR | 1.05
(2013) nal cohort | 26 | nuous | years | cause (1.01-
mortalit 1.10)
y
Arbel Israel STEMI / | Observatio | 2,0 | Cutof | 3 All- HR | 2.20
(2014) Primary | nal cohort |32 | {>6.5 | years | cause (1.04—
PCI mortalit 4.80)
y
Yan China Chronic | Observatio | 339 | Tertil | 29 Cardiac | HR | 1.75
(2016) HF nal cohort es: mont | death (1.03—
(elderly) >2.5 | hs 2.96)
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Wasilews | Poland | HF Observatio | 555 | Tertil | 36 All- HR | 2.31
ki (2016) (LVEF nal cohort es: mont | cause (1.82—
<35%) >3.1 hs mortalit 2.92)
y
Wada Japan Stable Observatio | 1,1 | Cutof | 4 All- HR | 1.73
(2017) CAD /|nalcohort |52 |f years | cause (1.29—
PCI >3.39 mortalit 2.34)
y
Xu China AMI /| Retrospect | 387 | Media | 12 All- HR | 3.08
(2018) Multi- ive cohort n>4.1 | mont | cause (1.06—
vessel hs mortalit 8.97)
PCI y
Park Korea STEMI | Retrospect | 5,7 | Conti |5 All- HR | 1.08
(2018) survivors | ive cohort | 65 | nuous | years | cause (1.00-
/ PCI mortalit 1.17)
y
Boralkar | USA Acute Retrospect | 443 | Conti | 2.2 All- HR | 1.18
(2020) HFpEF | ive cohort nuous | years | cause (1.00—
mortalit 1.38)
y
Merdler | Israel TAVI Registry 1,1 | Media | 3 All- HR | 1.47
(2022) cohort 52 |n years | cause (1.09-
cutoff mortalit 1.99)
4.1 y
Abushou | USA TAVI Retrospect | 908 | Elevat | Mid- | All- HR | 1.40
k (2022) ive cohort ed term | cause (1.10-
NLR mortalit 1.60)
y
Song USA CHD + | Retrospect | 2,1 | Cutof | 76 All- HR | 1.46
(2024) Hyperten | ive cohort | 36 | f mont | cause (1.30-
sion >2.65 | hs mortalit 1.62)
y
Li (2024) | USA Broad Population | 2,2 | Conti | 6.7 All- HR | 1.15
CVD -based 39 | nuous | years | cause (1.11-
cohort cohort ; mortalit 1.19)
cutoff y
2.89
explor
ed
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Rezig UK/Ital | Chronic | Observatio | 4,7 | Conti | 54 All- HR | 1.05
(2025) y HF nal cohort | 02 | nuous | mont | cause (1.03—
outpatien hs mortalit 1.06)
ts y
Oliva USA CAD /| Retrospect | 7,2 | Quarti | 1 year | All- HR | 1.71
(2025) PCI ive cohort |87 |le 4 cause (1.10-
>5.0 mortalit 2.65)
y

Note. CVD = cardiovascular disease; NLR = neutrophil-to-lymphocyte ratio; F/U = follow-up; EM
= effect measure; HR = hazard ratio;, STEMI = ST-elevation myocardial infarction; PCI =
percutaneous coronary intervention; CABG = coronary artery bypass grafting; HF = heart failure;
HFpEF = heart failure with preserved ejection fraction; TAVI = transcatheter aortic valve
implantation;, CAD = coronary artery disease; CHD = coronary heart disease; AMI = acute
myocardial infarction; LVEF = left ventricular ejection fraction. All estimates are multivariable-
adjusted.

The primary random-effects meta-analysis of 16 studies is presented in Figure 3. The pooled
adjusted HR was 1.30 (95% CI: 1.20-1.40; z = 6.62; p < 0.001), indicating that elevated NLR was
significantly associated with a 30% higher mortality risk overall among CVD patients. All 16
individual estimates were in the direction of increased risk (HR > 1.00), with point estimates ranging
from 1.05 (Azab, 2013; Rezig, 2025) to 4.10 (Han, 2013). Substantial heterogeneity was observed (Q
=142.1,df=15,p <0.001; I* = 89.4%; 1> = 0.0116), indicating that approximately 89% of observed

variability was attributable to between-study differences.

1
1
Study N i HR (95% CI) Weight
i
1
Park (2013) 325 : 3.12 (1.14-8.55) 0.6%
Han (2013) 326 E 4.10 (1.17-14.46) 0.4%
1
Azab (2013) 1,126 . i 1.05 (1.01-1.10) 13.0%
1
Arbel (2014) 2,032 : = 2.20 (1.04-4.80) 1.0%
Yan (2016) 339 : 1.75 (1.03-2.96) 1.9%
. .03-2. 9%
1
1
Wasilewski (2016) 555 i —— 2.31(1.82-2.92) 6.0%
1
1
Wada (2017) 1,152 E_._ 1.73 (1.29-2.34) 4.5%
Xu (2018) 387 H 3.08 (1.06-8.97) 0.5%
- . .06-8. .
i
Park (2018) 5,765 . ; 1.08 (1.00-1.17) 11.9%
1
Boralkar (2020) 443 -.i— 1.18 (1.00-1.38) 8.5%
Merdler (2022) 1,152 —E—.— 1.47 (1.09-1.99) 4.4%
1
Abushouk (2022) 908 _.._ 1.40 (1.10-1.60) 7.6%
1
Song (2024) 2,136 ] 1.46 (1.30-1.62) 10.6%
1
U
Li (2024) 2,239 .' 1.15 (1.11-1.19) 13.2%
| i °
Rezig (2025) 4,702 . E 1.05 (1.03-1.06) 13.5%
1
Oliva (2025) 7,287 L 1.71 (1.10-2.65) 2.5%
Overall (random effects) 1.30 (1.20-1.40) 100.0%
1
!

T T T
0.5 1.0 2.0 4.0 8.0

16.0
Hazard ratio (log scale)
Random-effects model (DerSimonian-Laird): Q = 142.1, 17 = 89.4%, 12 = 0.0115.
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Figure 3. Forest plot of the random-effects meta-analysis showing the association between elevated
NLR and mortality risk across 16 cardiovascular disease studies. Square sizes are proportional to
study weight; the diamond represents the pooled HR.
3.4 Subgroup Analyses

Subgroup analyses are summarized in Figure 4 and Table 2. The ACS/STEMI subgroup (k =
5) yielded a pooled HR of 2.18 (95% CI: 1.15-4.13; 1> = 73.5%), whereas the non-ACS subgroup (k
=11) yielded a pooled HR of 1.30 (95% CI: 1.20-1.42; I = 92.1%). Although the ACS point estimate
was notably higher, the test for subgroup difference was non-significant (Q = 0.75, p = 0.386), likely
due to the wide confidence interval in the ACS subgroup. The heart failure subgroup (k = 4) had a
pooled HR of 1.45 (95% CI: 1.04-2.02; I 2 = 93.8%), and the CAD/interventional subgroup (k = 12)
had a pooled HR of 1.31 (95% CI: 1.18-1.44; 12 = 83.7%). Both subgroups showed statistically
significant relationships, which proved that NLR-mortality signal is similar in the key categories of
CVDs.

By clinical presentation By disease category

| 1
| i
| |
| ]

|
|
HR 2.17 (1.14-4.14 ’ HR 1.45 (1.04-2.

ACS/STEMI k:.':(; |2:73_7%: Heart failure ki‘{; |10:93_g§2
| )
| |
| ]
| ]
]
]
]
|
]
i
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]
i
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Non-ACS ’ HR }(2‘1’1‘1,2;%‘{3/3 CAD/interventiona

Dashed red line indicates the overall pooled estimate (HR 1.30).

Figure 4. Subgroup forest plot showing pooled hazard ratios stratified by cardiovascular condition
type (ACS/STEMI vs. non-ACS) and disease category (heart failure vs. CAD/interventional).
3.5 Sensitivity Analysis

The sensitivity analysis with leave-one-out showed that the pooled HR was also strong and
significant irrespective of the study that was not included (Figure 5). The pooled HR was 1.23 (95%
CI: 1.15-1.32, excluding Wasilewski, 2016) to 1.39 (95% CI: 1.25-1.54, excluding Rezig, 2025). There
was no disproportional impact of none of the studies on the overall estimate because all the
recalculated pooled HRs were in the confidence interval of the initial analysis. All the researches were
excluded, and the two largest researches Rezig (2025, 13.5%) and Li (2024, 13.2%) each shifted the
estimate by the opposite directions, which confirms the stability.
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Figure 5. Leave-one-out sensitivity analysis. Each row shows the pooled HR when the named study is
omitted. The red vertical line and shaded band represent the overall pooled HR and its 95% CI.
3.6 Publication Bias

The funnel plot displayed visual asymmetry, with smaller studies tending to report larger
effects (Figure 6). Egger’s regression test yielded an intercept of 2.86 (p = 0.031), and Begg’s rank
correlation test was also significant (1 = 0.795, p < 0.001). These results suggest potential publication
bias or small-study effects. However, funnel plot asymmetry in the presence of high heterogeneity (I

= 89.4%) may also reflect genuine clinical diversity rather than selective publication alone (Sterne et
al., 2011).
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Funnel Plot: Assessment of Publication Bias
(16 Studies in Primary Mortality HR Pool)
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Figure 6. Funnel plot of standard error against In(HR) for 16 studies. The red vertical line represents
the pooled In(HR). Dashed lines indicate pseudo-95% confidence limits. Asymmetry was confirmed
by Egger’s (p = 0.031) and Begg’s (p < 0.001) tests.
A comprehensive summary of all primary and subgroup meta-analytic results, including pooled hazard
ratios, heterogeneity statistics, and publication bias test outcomes for each stratum, is provided in

Table 2.

Table 2 Summary of Primary and Subgroup Meta-Analysis Results

Analysis k | Pooled HR (95% | I? T2 Q (p- | Egger p | Beggp
CI) (%) value)
Overall mortality 16 | 1.30 (1.20-1.40) 89.4 |0.0116 | 142.1 (<] 0.031 <
0.001) 0.001
ACS/STEMI 5 |2.18(1.15-4.13) 73.5 10.3491 | 15.1 0.374 0.083
(0.005)
Non-ACS 11| 1.30 (1.20-1.42) 92.1 ]0.0116 | 1263 (< |0.134 0.005
0.001)
Heart failure 4 | 1.45(1.04-2.02) 93.8 10.0985 | 48.0 (<10.456 0.333
0.001)
CAD/Interventional | 12 | 1.31 (1.18-1.44) 83.7 [0.0137|67.5 (<10.053 <
0.001) 0.001

Note. k = number of studies; HR = hazard ratio; CI = confidence interval; I? = percentage of variability
due to heterogeneity; ACS = acute coronary syndrome; STEMI = ST-elevation myocardial infarction;
CAD = coronary artery disease. Egger’s and Begg’s tests are shown where estimable and should be

interpreted cautiously in subgroup strata with few studies.
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4. Discussion

The present systematic review and meta-analysis, encompassing 20 studies, with 16 studies
(30,874 participants) contributing to the primary mortality meta-analysis, demonstrates that elevated
baseline neutrophil-to-lymphocyte ratio is a significant and independent predictor of mortality across
heterogeneous CVD populations. The adjusted hazard ratio of 1.30 (95% CI: 1.20-1.40; p < 0.001)
shows that high NLR was 30 percent more likely to represent the risk of overall mortality. This
correlation was also strong in all the sensitivity analyses, and the leave-one-out method verified that
there was no study that had a disproportionate effect on the summary estimate. These results support
the idea that NLR is an easy to calculate ratio that can be derived based on any standard complete
blood count and has a significant prognostic value in the cardiovascular risk assessment.

These findings are generally consistent with, but go beyond the findings of previous meta-
analyses. Angkananard et al. (2018) combined 38 articles and indicated strong correlations between
high NLR and CVD risk with odds ratios between 1.62 and 3.86, but they did not control the
occurrence but mortality of the disease. Pruc et al. (2024) have shown that NLR is useful in acute
coronary syndromes with a meta-analysis of 90 studies involving 45,990 patients, which confirmed
the use of this tool in the specified setting, and Banahene et al. (2024) have reported a pooled odds
ratio of 2.29 of all-cause mortality in myocardial infarction. The current work is distinguished by
combining adjusted hazard ratios particularly to mortality in the entire range of CVD, such as heart
failure, stable CAD, TAVI and CABG groups, and integrating a large number of large cohort studies
that were published within the last 2 years (2022-2025) and were not available to the previous
syntheses.

The subgroup analyses depicted interesting trends. The pooled HR of the ACS/STEMI
subgroup was significantly larger than the non-ACS subgroup (2.18 vs. 1.30), which was however not
found to be significantly different between the two subgroups. This trend can be explained by
pathophysiological considerations: acute coronary events are defined by the high inflammatory
response with neutrophil infiltration into ruptured plaques, reactive neutrophilia with catecholamine
and cortisol releases, and the simultaneous lymphopenia caused by stress (Frangogiannis, 2014). The
NLR signal is increased after acute inflammatory milieu, yielding larger effect sizes in STEMI
populations. On the other hand, in chronic diseases like stable CAD and heart failure, the inflammatory
condition is of lower grade and diffuse and leads to a less dramatic yet significant prognostic signal.
The subgroup of heart failures (k = 4; HR = 1.45; 95% CI: 1.04-2.02) validates the previous results
indicating the contribution of the continuous neurohormonal activation and immune deregulation to
the progression of heart failure.

The biological plausibility of NLR-mortality relationship is established well. Neutrophils
discharge reactive oxygen species, myeloperoxidase and neutrophil extracellular traps that facilitate
oxidative stress, endothelial dysfunction, and destabilisation of plaque (Hansson, 2005). At the same
time, lymphopenia especially with T-lymphocytes suggests that adaptive immunity is impaired and
that immunity is exhausted, which is accompanied by undesirable remodelling and decreased recovery
capacity (Acanfora et al., 2001). NLR combines these two opposite immune responses into one
measure that reflects the balance between harmful inflammation and protective immune response,
which may be the reason why it is a better prognostic measure than individual counts of cell types
(Bhat et al., 2013).
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On a clinical note, there are several implications of the findings. First, NLR is calculated using
a routine haemogram that is universally ordered in the emergency department and cardiac ward, i.e.
its prognostic data is already included in the existing workflows at no incremental cost (Forget et al.,
2017). In contrast to high-sensitivity CRP or natriuretic peptides, NLR does not need a specific
immunoassay, which will be especially useful in resource-limited environments where the CVD
burden is concentrated (Roth et al., 2020). Second, the uniform prognostic indicator is that NLR might
be used as an adjunct to existing risk stratification instruments, including the GRACE score or the
MAGGIC score, and enhance the level of discriminative validity. Third, patient diagnosis of high NLR
may inform clinical judgments on disease monitoring, timely follow-up, and anti-inflammatory or
cardioprotective therapy escalation.

There are a number of constraints that need to be recognized. First, all these studies were
observational, which excluded any possibility of causation and presented potential confounding
factors that remain unadjusted by multivariate analysis. Second, there is a significant lack of
homogeneity in definitions of NLR cutoff (between 2.65 and 6.5) being a significant obstacle to
defining a clinically actionable value. Third, the pooled estimate is not very accurate because of the
high statistical heterogeneity (I12 = 89.4%). Fourth, both Egger and Begg tests revealed publication
bias, but the asymmetry of funnel plot should be carefully interpreted under the situation of high
heterogeneity (Sterne et al., 2011). Fifth, the majority of the studies evaluated NLR at one time point,
lacking the dynamic nature of inflammation. Sixth, only publications in English language were
reviewed and the topography of the studies in East Asia, the United States and Israel restricts the
generalisability to under-represented populations.

The next-generation studies should focus on defining the standardised NLR-thresholds using
the data on individual patients by meta-analysis or employing big prospective groups with ROC-
optimisation. Research studies on serial NLR patterns can enhance the accuracy of prognostic
estimates. Composite biomarker panel: The use of NLR in combination with other inflammatory
indicators deserves a study. The most powerful evidence of clinical utility would be randomised
controlled trials comparing NLR-guided management strategies. Lastly, research in under-represented
areas and other population groups is required to establish generalisability.

S. Conclusion

This meta-analysis and systematic review of 20 included studies and 16 of them yielded to the
primary mortality meta-analysis showing that high baseline neutrophil-to-lymphocyte ratio has a
significant and independent association with high mortality risk with a pooled adjusted hazard ratio of
1.30 (95% CI: 1.20-1.40; p < 0.001). This prognostic relationship can be found throughout acute
coronary syndromes, heart failure, stable coronary artery disease, and structural heart disease that
needs intervention. NLR is a biomarker that is universally accessible, free of charge, and can be
calculated using routine haematology, and it has significant potential to be used as an adjunctive risk-
stratification instrument in cardiovascular medicine. Future research must be aimed at standardisation
of NLR cutoff values, serial NLR monitoring strategies, and NLR-guided therapeutic strategies by
well-designed randomised controlled trials.
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