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ABSTRACT ARTICLE HISTORY

Coronavirus disease (COVID-19) is a viral infection caused by SARS-CoV-2 that has become Received: December 17, 2023
a global health emergency with a negative impact on patient care. The evolution of patients Accepted: January 9, 2024
with COVID-19 is unpredictable, with an unfavorable evolution in the case of patients with
comorbidities. This state-of-the-art review focuses on the role of hematological inflamma-
tory biomarkers: the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-to-lymphocyte ratio (PLR) in predicting major adverse cardiovascular
events (MACE) and mortality in patients with COVID-19. In this review, we included 21 studies
that investigated the role of biomarkers in the risk of mortality and MACE, reporting on a total
of 7,588 patients. Regarding the clinical data, 57.49% of the patients presented hypertension
(15 out of the 21 studies reported hypertensive patients), followed by ischemic heart disease in
33.56% of patients (13 studies) and diabetes in 30.37% of patients (17 studies). In additional,
among the usual risk factors, 23.55% of patients presented obesity (7 studies) and 23.02%
were active smokers (10 studies). We recorded an average cut-off value of 7.728 for NLR (range
2.6973-15.2), 0.594 for MLR (range 0.26-0.81), and 215.07 for PLR (range 177.51-266.9) for
the risk of MACE and mortality. We also recorded an average area under the curve (AUC) of CORRESPONDENCE
0.783 for NLR, 0.744 for MLR, and 0.713 for PLR. Our findings suggest that these biomarkers
exhibit prognostic value in predicting adverse outcomes, and that evaluating these biomarkers ~Eliza Mihaela Arbanasi
at admission could provide novel information in stratifying risk groups for improving patient ~ Str. Gheorghe Marinescu nr. 38
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INTRODUCTION

Coronavirus disease (COVID-19) has spread globally since
2020, with over 750 million confirmed cases and approxi-
mately 7 million fatalities.! COVID-19 is an infectious ill-
ness with a wide spectrum of clinical signs, ranging from
asymptomatic to moderately symptomatic and severe
forms. This indicates that the host response to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has a significant role.»* The COVID-19 pandemic has also
negatively affected hospitals’ activity regarding chronic
pathology and elective surgery.+>

Studies have found the majority of infections caused
by SARS-CoV-2 to be moderate; 31% were severe (with
dyspnea, hypoxia, or more than 50% lung involvement
on detection imaging), whereas 5% of patients developed
a life-threatening condition with respiratory failure or
multiple organ dysfunction.® The risk of mortality from
COVID-19 is heavily influenced by age and medical histo-
ry. Older individuals are considerably more likely to have
catastrophic or fatal illness outcomes, particularly if they
have comorbidities such as hypertension, cardiovascular
disease, obesity, chronic renal disease, pulmonary dis-
ease, and diabetes.>78

Researchers have used specific ratios to identify and
analyze several inflammatory disorders in recent years.
Numerous investigations have discovered that various
combinations of hematological elements of the systemic
immune response, such as the neutrophil-to-lymphocyte
ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and
platelet-to-lymphocyte ratio (PLR), were successful in-
dicators of prognosis in patients with an array of malig-
nancies, heart disease, diabetes, acute ischemic stroke,
peripheral arterial disease, and chronic kidney disease.”™
The elements of these simply derived metrics are widely
available, affordable, and frequently assessed as part of a
complete blood test report in everyday practice. Calculating
these hematological components associated with the sys-
temic immune response may offer healthcare specialists an
additional helpful tool for clinical risk classification.

Our study aims to provide an updated overview of the
current landscape of the role of hematological inflammato-
ry biomarkers (NLR, MLR, and PLR) on the risk of develop-
ing major adverse cardiovascular events (MACE) and mor-
tality in patients with COVID-19, focusing on the optimal
cut-off value of the biomarkers, their clinical impact, and
the possibility of stratification of groups of patients at risk.

Following the analysis of the studies published in the
literature, we included 21 articles in this review, reporting
on a total number of 7,588 patients. The average age of the

patients was 65.36 years, and 56.57% were male. Regard-
ing the clinical data, 57.49% of the patients presented hy-
pertension (15 out of the 21 studies reported hypertensive
patients), followed by ischemic heart disease in 33.56% of
patients (13 studies) and diabetes in 30.37% of patients (17
studies). In additional, among the usual risk factors, 23.55%
of patients presented obesity (7 studies), and 23.02% were
active smokers (10 studies). Regarding the hematological
inflammatory biomarkers, NLR was analyzed in 21 stud-
ies, PLR was investigated in nine studies, and MLR was ex-
plored in only six. The rest of the data are shown in Table 1.

NLR

Regarding mortality, we identified an average NLR of 9.24
(range 5.00—-17.70) in the group of patients with nega-
tive outcomes, much higher than in the control group,
in which the average NLR was 4.86 (range 2.14—12.29).
In addition, in 14 studies, the authors identified an op-
timal cut-off value of 7.16 (range 2.70—15.20) using re-
ceiver operating characteristic (ROC) analysis. The area
under the curve (AUC) analysis yielded an average value
of 0.77 (range 0.63-0.87), with an average sensitivity of
72.54% and a specificity of 72.31% (Figure 1 and Table
2). When analyzing the prognostic role of NLR in MACE,
we found an optimal average cut-off value of 9.43 (range
5.40—13.67), with an average AUC of 0.830, a sensitivity of
76.87%, and a specificity of 82.2% (Table 2).

Abrishami et al.,*® Pakos et al.,** Allahverdiyev et al.,*?
and Zeng et al.*> found that NLR is associated with mortal-
ity, with odd ratios (ORs) and hazard ratios (HRs) rang-
ing from 1.03 to 5.40 and 95% confidence intervals (CIs)
ranging from 1.00 to 21.20. In addition, Rose et al.,* Hal-
maciu et al.,>> Arbanasi et al.,>® Muresan et al.,?” and Citu
et al.?® found significantly higher OR/HR values, ranging
from 13.07 to 24.13, with tight confidence intervals. Fur-
thermore, Ghobadi et al.,*® Regolo et al.,*® Seyfi et al.,*
Zhan et al.,>* and Predenciuc et al.3> emphasize the rela-
tionship between NLR and MACE. Regarding the Kaplan—
Meier survival analysis, Fois et al.,?* Zeng et al.,? Citu et
al.,?® Ghobadi et al.,?® Regolo et al.,>* and Zhan et al.3? found
a statistically significant difference for the primary end-
point based on the cut-off value (Table 3).

MLR

The MLR, derived from the absolute monocyte and lym-
phocyte counts, is another inflammatory biomarker with a
prognostic role in the negative evolution of patients with
numerous pathologies. According to studies done in Italy
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FIGURE 1. A, ROC analysis and AUC for NLR regarding mortality. Values are expressed per 1 s.d. increase regarding the median value. B,
Distribution of the optimal cut-off values for NLR regarding mortality. Values are expressed per 1 s.d. increase regarding the median value.
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FIGURE 2. A, ROC analysis and AUC for MLR regarding mortality. Values are expressed per 1 s.d. increase regarding the median value. B,
Distribution of the optimal cut-off values for MLR regarding mortality. Values are expressed per 1 s.d. increase regarding the median value.
C, The position of the optimal cut-off value depending on the sensitivity and specificity of each value, regarding mortality.

and Iran by Fois et al.3* and Ghobadi et al.??, MLR biomarker
levels range between 0.364 and 0.628, with specificities
between 57% and 62.4%. In comparison, research done by
Halmaciu et al.,®> Arbanasi et al.,2® Muresan et al.,*’ and Citu
et al.?® in Romania shows better ROC analysis and AUC val-
ues (between 0.661 and 0.826) and more consistent speci-
ficities (between 74% and 81.6%) in connection to mortal-
ity. Arbanasi et al.>® and Muresan et al.?’ present essential
information for acute limb ischemia, deep vein thrombosis,
and acute pulmonary embolism, with remarkable specifici-
ties ranging from 71.6% to 76.2%. This investigation reveals
that MLR may be a potential biomarker, particularly when
evaluating the risk of mortality and MACE, with a focus on
the specificity achieved in recent Romanian investigations.

We found a cut-off value of 0.516 (range 0.26—-0.83),
with an AUC of 0.71 (range 0.62-0.83), sensitivity of
66.75% (range 58.00—74.4%) and specificity of 70.50%
(range 57.00—81.60%) in terms of mortality (Figure 2 and
Table 4).

Regarding mortality, Halmaciu et al.*> discovered a
significant association between MLR and mortality, with
an OR of 6.49 (95% CI 2.51-22.24, p < 0.001), whereas
Ghobadi et al.?® discovered a strong association, with an
OR of 1.50 (95% CI 1.21-1.86, p < 0.0001). Furthermore,
Arbanasi et al.?® and Muresan et al.?’ reported substantial

associations between MLR and various vascular diseases,
including acute limb ischemia and deep vein thrombosis,
with ORs and HRs underlining the biomarker’s influence
in these conditions. However, we must highlight the di-
versity in the definition of outcomes and the cut-off val-
ues used because they may contribute to considerable
discrepancies in research results. Hence, methodological
standardization is essential for facilitating inter-study
comparisons and validating the relevance of MLR in prog-
nostic evaluation in various medical scenarios. Regarding
the Kaplan—Meier survival analysis, only Fois et al.,?* Citu
et al.,® and Ghobadi et al.?° have identified a statistically
significant difference in in-hospital mortality based on
the cut-off value of MLR (p < 0.05 for all) (Table 5).

PLR

We found eight studies that analyzed the prognostic role
of PLR regarding mortality. The average value of PLR was
254.82 (range 168.00—363.16) in the case of patients with
a negative outcome and 166.95 (range 128.22—-215.50) for
the control group. In addition, eight studies presented the
results of the ROC analysis, in which we identified an av-
erage AUC value of 0.66 (range 0.56—0.82) and an optimal
calculated cut-off value of 220.78 (range 177.51-266.90),
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with a sensitivity of 63.00% (range 52.60—72.00%) and
a specificity of 69.92% (range 58.00—81.10%) (Table 6).
Also, Strazzulla et al.,?> Arbanasi et al.,*® and Muresan et
al.?” demonstrated a positive association between high
PLR values and the risk of MACE.

Regarding the predictive role of PLR in clinical out-
comes, Fois et al>* and Rose et al.** found no statistically
significant associations between PLR and mortality. How-
ever, Arbanasi et al.,?® Muresan et al.,?” and Ghobadi et
al.*® reported a positive association between high baseline
values of PLR and mortality. In addition, Arbanasi et al.2
discovered a correlation between PLR and acute limb isch-
emia, whereas Muresan et al.*” discovered correlations be-
tween PLR and deep vein thrombosis and acute pulmonary
embolism. Differences in ORs, CIs, and p values between
studies highlight the heterogeneity of results and suggest
that a rigorous and in-depth review of study techniques
and populations is needed to clarify the correlation be-
tween PLR and various clinical outcomes. Nevertheless,
Ghobadi et al.*® found a significant difference in the Ka-
plan—Meier survival analysis based on the cut-off value
of PLR for non-elderly patients (p < 0.001) but not for the
elderly (p = 0.10) (Table 7).

CONCLUSIONS

Based on the results of our state-of-the-art review, we
can conclude that NLR, MLR, and PLR have good predic-
tive values regarding the risk of MACE and mortality in
patients with COVID-19. The evaluation of hematologi-
cal inflammatory biomarkers at admission, in the case of
patients with viral or septic infections, could help in the
stratification of risk groups for better management.
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