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ABSTRACT

Coronavirus disease (COVID-19) is a viral infection caused by SARS-CoV-2 that has become 
a global health emergency with a negative impact on patient care. The evolution of patients 
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 
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 
at admission could provide novel information in stratifying risk groups for improving patient 
management.
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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.1 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.2,3 The COVID-19 pandemic has also 
negatively affected hospitals’ activity regarding chronic 
pathology and elective surgery.4,5

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.6 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.3,7,8

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.9–19 

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.,20 Pakos et al.,21 Allahverdiyev et al.,22 
and Zeng et al.23 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.,24 Hal-
maciu et al.,25 Arbănași et al.,26 Mureșan et al.,27 and Citu 
et al.28 found significantly higher OR/HR values, ranging 
from 13.07 to 24.13, with tight confidence intervals. Fur-
thermore, Ghobadi et al.,29 Regolo et al.,30 Seyfi et al.,31 
Zhan et al.,32 and Predenciuc et al.33 emphasize the rela-
tionship between NLR and MACE. Regarding the Kaplan–
Meier survival analysis, Fois et al.,34 Zeng et al.,23 Citu et 
al.,28 Ghobadi et al.,29 Regolo et al.,30 and Zhan et al.32 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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and Iran by Fois et al.34 and Ghobadi et al.29, 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.,25 Arbănași et al.,26 Mureșan et al.,27 and Citu 
et al.28 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. Arbănași et al.26 and Mureșan et al.27 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.25 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.29 discovered a strong association, with an 
OR of 1.50 (95% CI 1.21–1.86, p < 0.0001). Furthermore, 
Arbănași et al.26 and Mureșan et al.27 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.,34 Citu 
et al.,28 and Ghobadi et al.29 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), 

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. 
C, The position of the optimal cut-off value depending on the sensitivity and specificity of each value, regarding mortality.

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.
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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.,35 Arbănași et al.,26 and Mureșan et 
al.27 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.34 and Rose et al.24 found no statistically 
significant associations between PLR and mortality. How-
ever, Arbănași et al.,26 Mureșan et al.,27 and Ghobadi et 
al.29 reported a positive association between high baseline 
values of PLR and mortality. In addition, Arbănași et al.26 
discovered a correlation between PLR and acute limb isch-
emia, whereas Mureșan et al.27 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.29 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.

CONFLICT OF INTEREST

Nothing to declare.

ACKNOWLEDGEMENT

This work was supported by the “George Emil Palade” 
University of Medicine, Pharmacy, Science and Tech-
nology of Târgu Mureș, Romania, research grant no. 
165/1/10.01.2023.

REFERENCES

1. WHO Coronavirus (COVID-19) Dashboard | WHO Coronavirus 

(COVID-19) Dashboard With Vaccination Data. Available from: 

https://covid19.who.int/ [Accessed 15 November 2023]

2. Stoian A, Bajko Z, Stoian M, et al. The Occurrence of Acute 
Disseminated Encephalomyelitis in SARS-CoV-2 Infection/
Vaccination: Our Experience and a Systematic Review of 
the Literature. Vaccines. 2023;11(7):1225. doi: 10.3390/
vaccines11071225

3. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. The Lancet. 2020;395(10229):1054-
1062. doi: 10.1016/S0140-6736(20)30566-3

4. Mureșan AV, Russu E, Arbănași EM, et al. Negative Impact of 
the COVID-19 Pandemic on Kidney Disease Management—A 
Single-Center Experience in Romania. J Clin Med. 
2022;11(9):2452. doi: 10.3390/jcm11092452

5. Arbanasi EM, Kaller R, Muresan VA, Voidazan S, Arbanasi EMA, 
Russu E. Impact of COVID-19 pandemic on Vascular Surgery 
Unit activity in Central Romania. Front Surg. 2022;9:883935. 
doi: 10.3389/fsurg.2022.883935

6. Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. The 
Lancet. 2020;395(10223):497-506. doi: 10.1016/S0140-
6736(20)30183-5

7. Elezkurtaj S, Greuel S, Ihlow J, et al. Causes of death and 
comorbidities in hospitalized patients with COVID-19. Sci Rep. 
2021;11(1):4263. doi: 10.1038/s41598-021-82862-5

8. Hogea T, Suciu BA, Chinezu L, et al. Pregnancy-Associated 
Spontaneous Coronary Acute Dissection as a Cause of Sudden 
Cardiac Death—Autopsy Findings and Literature Review: Is 
COVID-19 Related? Medicina. 2023;59(7):1257. doi: 10.3390/
medicina59071257

9. Yang AP, Liu JP, Tao WQ, Li HM. The diagnostic and 
predictive role of NLR, d-NLR and PLR in COVID-19 patients. 
Int Immunopharmacol. 2020;84:106504. doi: 10.1016/j.
intimp.2020.106504

10. Seyit M, Avci E, Nar R, et al. Neutrophil to lymphocyte ratio, 
lymphocyte to monocyte ratio and platelet to lymphocyte 
ratio to predict the severity of COVID-19. Am J Emerg Med. 
2021;40:110-114. doi: 10.1016/j.ajem.2020.11.058

11. Erdal E, İnanir M. Platelet-to-lymphocyte ratio (PLR) and 
Plateletcrit (PCT) in young patients with morbid obesity. 
Rev Assoc Med Bras. 2019;65:1182-1187. doi: 10.1590/1806-
9282.65.9.1182

12. Dujardin RWG, Hilderink BN, Haksteen WE, et al. Biomarkers 
for the prediction of venous thromboembolism in critically ill 
COVID-19 patients. Thrombosis Research. 2020;196:308-312. 
doi: 10.1016/j.thromres.2020.09.017

13. Russu E, Mureșan AV, Arbănași EM, et al. The Predictive 
Role of NLR and PLR in Outcome and Patency of Lower Limb 
Revascularization in Patients with Femoropopliteal Disease. J 
Clin Med. 2022;11(9):2620. doi: 10.3390/jcm11092620

14. Melinte RM, Arbănași EM, Blesneac A, et al. Inflammatory 
Biomarkers as Prognostic Factors of Acute Deep Vein 
Thrombosis Following the Total Knee Arthroplasty. Medicina. 
2022;58(10):1502. doi: 10.3390/medicina58101502

15. Niculescu R, Russu E, Arbănași EM, et al. Carotid Plaque 
Features and Inflammatory Biomarkers as Predictors of 
Restenosis and Mortality Following Carotid Endarterectomy. 
Int J Environ Res Public Health. 2022;19(21):13934. doi: 
10.3390/ijerph192113934

16. Kaller R, Arbănași EM, Mureșan AV, et al. The Predictive Value 
of Systemic Inflammatory Markers, the Prognostic Nutritional 



10 Journal of Cardiovascular Emergencies 2024; Epub ahead of print

Index, and Measured Vessels’ Diameters in Arteriovenous 
Fistula Maturation Failure. Life. 2022;12(9):1447. doi: 10.3390/
life12091447

17. Arbănași EM, Mureșan AV, Arbănași EM, et al. The Neutrophil-
to-Lymphocyte Ratio’s Predictive Utility in Acute Pulmonary 
Embolism: Systematic Review. Journal Of Cardiovascular 
Emergencies. 2022;8(2):25-30. doi: 10.2478/jce-2022-0005

18. Vunvulea V, Budișcă OA, Arbănași EM, et al. The Predictive 
Role of Systemic Inflammatory Markers in the Development of 
Acute Kidney Failure and Mortality in Patients with Abdominal 
Trauma. Journal of Personalized Medicine. 2022;12(12):2045. 
doi: 10.3390/jpm12122045

19. Kaller R, Russu E, Arbănași EM, et al. Intimal CD31-Positive 
Relative Surfaces Are Associated with Systemic Inflammatory 
Markers and Maturation of Arteriovenous Fistula in 
Dialysis Patients. J Clin Med. 2023;12(13):4419. doi: 10.3390/
jcm12134419

20. Abrishami A, Eslami V, Baharvand Z, et al. Epicardial adipose 
tissue, inflammatory biomarkers and COVID-19: Is there a 
possible relationship? Int Immunopharmacol. 2021;90:107174. 
doi: 10.1016/j.intimp.2020.107174

21. Pakos IS, Lo KB, Salacup G, et al. Characteristics of peripheral 
blood differential counts in hospitalized patients with 
COVID-19. Eur J Haematol. 2020;105(6):773-778. doi: 10.1111/
ejh.13509

22. Allahverdiyev S, Quisi A, Harbalıoğlu H, et al. The Neutrophil 
to Lymphocyte Ratio and In-Hospital All-Cause Mortality in 
Patients with COVID-19. Eur J Ther. 2020;26(3):251-256. doi: 
10.5152/eurjther.2020.20067

23. Zeng ZY, Feng SD, Chen GP, Wu JN. Predictive value of the 
neutrophil to lymphocyte ratio for disease deterioration 
and serious adverse outcomes in patients with COVID-19: a 
prospective cohort study. BMC Infect Dis. 2021;21(1):80. doi: 
10.1186/s12879-021-05796-3

24. Rose J, Suter F, Furrer E, Sendoel A, Stüssi-Helbling M, 
Huber LC. Neutrophile-to-Lymphocyte Ratio (NLR) Identifies 
Patients with Coronavirus Infectious Disease 2019 (COVID-19) 
at High Risk for Deterioration and Mortality—A Retrospective, 
Monocentric Cohort Study. Diagnostics. 2022;12(5):1109. doi: 
10.3390/diagnostics12051109

25. Halmaciu I, Arbănași EM, Kaller R, et al. Chest CT Severity 
Score and Systemic Inflammatory Biomarkers as Predictors 
of the Need for Invasive Mechanical Ventilation and of 
COVID-19 Patients’ Mortality. Diagnostics. 2022;12(9):2089. 
doi: 10.3390/diagnostics12092089

26. Arbănași EM, Halmaciu I, Kaller R, et al. Systemic Inflammatory 
Biomarkers and Chest CT Findings as Predictors of Acute Limb 
Ischemia Risk, Intensive Care Unit Admission, and Mortality 
in COVID-19 Patients. Diagnostics. 2022;12(10):2379. doi: 
10.3390/diagnostics12102379

27. Mureșan AV, Hălmaciu I, Arbănași EM, et al. Prognostic 
Nutritional Index, Controlling Nutritional Status (CONUT) 
Score, and Inflammatory Biomarkers as Predictors of Deep 
Vein Thrombosis, Acute Pulmonary Embolism, and Mortality 
in COVID-19 Patients. Diagnostics. 2022;12(11):2757. doi: 
10.3390/diagnostics12112757

28. Citu C, Gorun F, Motoc A, et al. The Predictive Role of NLR, 
d-NLR, MLR, and SIRI in COVID-19 Mortality. Diagnostics. 
2022;12(1):122. doi: 10.3390/diagnostics12010122

29. Ghobadi H, Mohammadshahi J, Javaheri N, Fouladi N, 
Mirzazadeh Y, Aslani MR. Role of leukocytes and systemic 
inflammation indexes (NLR, PLR, MLP, dNLR, NLPR, AISI, 
SIR-I, and SII) on admission predicts in-hospital mortality 
in non-elderly and elderly COVID-19 patients. Front Med 
(Lausanne). 2022;9:916453. doi: 10.3389/fmed.2022.916453

30. Regolo M, Vaccaro M, Sorce A, et al. Neutrophil-to-
Lymphocyte Ratio (NLR) Is a Promising Predictor of Mortality 
and Admission to Intensive Care Unit of COVID-19 Patients. J 
Clin Med. 2022;11(8):2235. doi: 10.3390/jcm11082235

31. Seyfi S, Azadmehr A, Ezoji K, et al. Mortality in ICU COVID-19 
Patients Is Associated with Neutrophil-to-Lymphocyte Ratio 
(NLR): Utility of NLR as a Promising Immunohematological 
Marker. Interdiscip Perspect Infect Dis. 2023;2023:e9048749. 
doi: 10.1155/2023/9048749

32. Zhan L, Liu Y, Cheng Y, Guo W, Yang J. Predictive Value of 
Neutrophil/Lymphocyte Ratio (NLR) on Cardiovascular Events 
in Patients with COVID-19. Int J Gen Med. 2021;14:3899-3907. 
doi: 10.2147/IJGM.S317380

33. Predenciuc A, Casian D, Culiuc V. Outcomes of Surgical 
Revascularization for Acute Limb Ischemia in COVID-19 
Patients Comparing to Noninfected Cohort: A Single-Center 
Observational Prospective Study. Ann Vasc Surg. 2023;91:81-
89. doi: 10.1016/j.avsg.2022.11.024

34. Fois AG, Paliogiannis P, Scano V, et al. The Systemic 
Inflammation Index on Admission Predicts In-Hospital 
Mortality in COVID-19 Patients. Molecules. 2020;25(23):5725. 
doi: 10.3390/molecules25235725

35. Strazzulla A, Abroug Ben Halima S, Chouchane I, et al. The 
Predictive Value of Cell Blood Count Parameters to Diagnose 
Pulmonary Embolism in Patients with SARS-CoV-2 Infection: 
A Case Control Study. Antibiotics. 2022;11(1):60. doi: 10.3390/
antibiotics11010060

36. Moradian N, Gouravani M, Salehi MA, et al. Cytokine release 
syndrome: inhibition of pro-inflammatory cytokines as a 
solution for reducing COVID-19 mortality. Eur Cytokine Netw. 
2020;31(3):81-93. doi: 10.1684/ecn.2020.0451

37. Yildiz H, Castanares-Zapatero D, Pierman G, et al. Validation 
of Neutrophil-to-Lymphocyte Ratio Cut-off Value Associated 
with High In-Hospital Mortality in COVID-19 Patients. Int J 
Gen Med. 2021;14:5111-5117. doi: 10.2147/IJGM.S326666

38. Karaaslan T, Karaaslan E. Predictive Value of Systemic 
Immune-inflammation Index in Determining Mortality in 
COVID-19 Patients. The Journal of Critical Care Medicine. 
2022;8(3):156-164. doi: 10.2478/jccm-2022-0013

39. Kudlinski B, Zgoła D, Stolińska M, et al. Systemic Inflammatory 
Predictors of In-Hospital Mortality in COVID-19 Patients: 
A Retrospective Study. Diagnostics. 2022;12(4):859. doi: 
10.3390/diagnostics12040859

40. Khorvash F, Najafi MA, Kheradmand M, Saadatnia M, Chegini 
R, Najafi F. New-onset acute ischemic stroke following 
COVID-19: A case–control study. J Res Med Sci. 2022;27:31. 
doi: 10.4103/jrms.jrms_255_21


