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Background: The research on the association between coronavirus disease 2019 (COVID- 
19) and cardiovascular disease (CVD) is still insufficient.
Aim: This study aimed to investigate the association between neutrophil/lymphocyte ratio 
(NLR) and risk of cardiovascular events in patients with COVID-19.
Methods: Our study included 159 patients with COVID-19 who were measured for NLR 
value within the first 24 hours of admission. They were followed up for 6 months after 
discharge and then the relationship between levels of NLR and risk of cardiovascular events 
was assessed.
Results: In all included patients with COVID-19, NLR values in patients with cardiovas-
cular events [16.28 (4.95–45.18)] were significantly higher than patients without cardiovas-
cular events [4.75 (2.60–7.47)]. A multivariate logistic regression model revealed that 
elevated NLR value [increased per SD, 2.41 (1.43–4.29), P<0.001; increased 1 of NLR, 
2.05 (1.33–4.01), P=0.010] was significantly and independently associated with increased 
risk of CVD history on admission after adjustment of related confounding factors. Then, Cox 
regression analysis revealed that elevated NLR value had a significant association with 
increased risk of cardiovascular events [increased per SD, 2.36 (1.42–4.36), P<0.001; 
Increased 1 of NLR, 2.00 (1.30–3.97), P=0.014] after adjustments of these same confounding 
factors. Furthermore, the ROC curve suggested that NLR value (AUC=0.803, 95% 
CI=0.731–0.875, P<0.001, sensitivity 81.2%, and specificity 82.6%) has a good predictive 
value for cardiovascular events during follow-up.
Conclusion: High NLR value was clinically associated with elevated risk of cardiovascular 
events in patients with COVID-19, which might be a potential biomarker for predicting 
cardiovascular events in the current COVID-19 pandemic.
Keywords: cardiovascular events, COVID-19, neutrophil/lymphocyte ratio, predictive 
value, biomarker

Introduction
Coronavirus disease 2019 (COVID-19) was first reported in Wuhan from China and 
has rapidly become a global pandemic, causing an unexpected effect on public 
health issues.1–3 The disease is mainly described as respiratory syndromes caused 
by coronavirus 2, which is a member of the genus Betacoronavirus.1–4 Infection of 
COVID-19 can trigger and lead to overproduction of pro-inflammatory cytokines 
and chemokines including interleukin-1β (IL-1β), interleukin-6 (IL-6), and 
tumor necrosis factor-ɑ (TNF-ɑ) by the immune system, resulting in multiple 

Correspondence: Jing Yang; Weichun Guo 
No. 99 ZhangZhiDong Street Wuchang 
District, Wuhan, 430060, Hubei, People’s 
Republic of China  
Tel +8627-88041911; +8627-88041911  
Email dryangjing@whu.edu.cn; 
guoweichun@aliyun.com

International Journal of General Medicine 2021:14 3899–3907                                           3899
© 2021 Zhan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 April 2021
Accepted: 3 June 2021
Published: 24 July 2021

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:dryangjing@whu.edu.cn
mailto:guoweichun@aliyun.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


organ injury.5 Cardiovascular diseases (CVDs) have been 
found among hospitalized patients with COVID-19, and 
the coexistence of these diseases contributed to a elevated 
death risk.6–11

Existing studies suggested that COVID-19 may be 
involved in the progress of CVDs, including acute coron-
ary syndrome, myocardial injury, venous thromboembo-
lism, and arrhythmias.12–14 It has been also reported that 
developing hyperinflammatory shock was associated with 
coronary ischemia and cardiac insufficiency in child 
patients with COVID-19.15 Together, although the exact 
mechanism has not been fully established, these previous 
studies demonstrated that an independent association 
between CVDs and COVID-19 did exist. One thing is 
clear – the high level of systemic inflammation caused 
by COVID-19 can deteriorate the progress of cardiovas-
cular damage.5,16–18 The inflammatory reaction is an 
important mechanism involved in the pathogenesis of 
atherosclerosis and its progression.19 Neutrophils, lympho-
cytes, and related inflammatory mediators can cause vas-
cular damage and play an anti-atherosclerotic role. A large 
of number studies have suggested that the neutrophil-to- 
lymphocyte ratio (NLR) has been considered as a potential 
inflammatory biomarker20 and even predicts risk of cardi-
ovascular events. Previous studies also suggested that 
NLR has been associated with thyroiditis, irritable bowel 
disease, ulcerative colitis, malignancy, and type 2 diabetes 
mellitus. The association between NLR and CVDs is still 
not known completely. A previous systematic review also 
showed that there are prognostic impacts of NLR on pre-
dicting cardiovascular events and all-cause mortality 
among patients with coronary heart disease.21,22

However, no recent studies have investigated the associa-
tion between NLR and cardiovascular events in patients with 
COVID-19. It is uncertain whether NLR could be a biomarker 
to predicting cardiovascular events in patients with COVID- 
19. Accordingly, we therefore conducted a longitudinal obser-
vation study to explore the association between NLR and risk 
of cardiovascular events during follow-up of 6 months.

Materials and Methods
Study Population
We continuously collected 159 patients with COVID-19 
from January 31, 2020 to April 30, 2020 in the Renmin 
Hospital of Wuhan University. The inclusion criteria were 
as follows: 1) all patients were diagnosed as COVID-19 
according to the diagnostic standard of new coronavirus 

pneumonia treatment plan (trial version 7);23 2) the clin-
ical data of all patients were complete and met the analysis 
of our study; 3) they all cooperated with the examination 
and treatment; and 4) they could be followed up after 
recovery and discharge. According to the severity of 
COVID-19 on admission, all included patients were 
divided into mild cases (N=143) and severe cases 
(N=16). Patients with incomplete clinical data (N=102), 
in-hospital death (N=6), history of malignant tumor 
(N=16), and other patients (N=4) who did not meet the 
inclusion criteria were excluded. For the purpose of this 
study, after active treatment, all recovered patients 
(N=159) were followed up. The Ethics Committee of 
Renmin Hospital of Wuhan University approved this 
study and all patients included gave informed consent 
according to the guidelines of the Declaration of Helsinki.

Follow-Up
All included patients with COVID-19 were prospectively 
followed up by telephone two times each month until the 
occurrence of a composite event (cardiovascular events). 
The composite events of this study were defined as includ-
ing stable or unstable angina, myocardial infarction, acute 
heart failure (HF) or exacerbation of chronic HF, sudden 
cardiac death, stroke, arrhythmia, and venous thromboem-
bolism. Our reliable and continuous surveillance system 
can ensure adequate collection of cardiovascular events. 
For the purpose of this study, as long as one of the 
composite events occurred, the patient’s follow-up was 
completed. If the current status of these patients was 
uncertain, referring cardiologists and/or general practi-
tioners were contacted and invited to identify the patient’s 
condition.

Laboratory Measurements
Venous blood were collected in the first morning after 
admission. Blood samples were measured for blood rou-
tine including red blood cell (RBC), white blood cell 
(WBC), neutrophil (NEUT), lymphocyte (LY), and others 
by using an automated blood counter (Sysmex XE5000; 
Emilio de Azevedo Campos, Porto, Portugal). The alanine 
transaminase (ALT), aspartate transaminase (AST), low 
density lipoprotein cholesterol (LDL), and high density 
lipoprotein cholesterol (HDL) were analyzed by using 
the Siemens ADVIA 2400 automatic biochemistry analy-
zer (Siemens AG). The Fasting blood glucose (FBG), 
albumin (ALB), N-terminal prohormone of B-type 
natriuretic peptide (NT-proBNP), and hemoglobin (Hb) 
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were measured by using a Behring BN ProSpec analyzer 
(Dade Behring). The CKD Epidemiology Collaboration 
(CKD-EPI) creatinine was used to calculating the esti-
mated glomerular filtration rate (eGFR).24

Statistical Analyses
The data with normal distributions were expressed as the 
mean±standard deviation (SD). Comparisons between 
variables with normal distributions were performed by 
t-test The data that were not normally distributed were 
expressed by median (interquartile range [IQR]) and 
were analyzed by the Mann–Whitney U-test. The distribu-
tion of categorical variables was studied using the Chi- 
square test.

Firstly, to test if NLR value might be associated with 
CVD history, a corrected logical regression model was 
performed with NLR value as the independent variable 
and CVD history as the dependent variable. Secondly, 
free rate of cardiovascular events was constructed by the 
Kaplan-Meier method and Log rank test was performed. 
We will further analyze the association between NLR 
value and risk of a composite event (cardiovascular 
events) including stable or unstable angina, myocardial 
infarction, acute HF or exacerbation of chronic HF, sudden 
cardiac death, stroke, arrhythmia, and venous thromboem-
bolism during the follow-up of 6 months by using 
a corrected Cox regression model. Additionally, the pre-
dictive value of NLR for the cardiovascular events was 
determined using receiver operating characteristic (ROC) 
curves, and area under the curve (AUC), and the 95% 
confidence intervals, sensitivity, and specificity were cal-
culated. SPSS 25.0 was used for the statistical analyses. 
P≤0.05 was considered as statistically significant.

Results
Clinical Characteristics of Patients with 
COVID-19 After Admission
The clinical characteristics of all included patients with 
COVID-19 are presented in Table 1. NLR value in patients 
with cardiovascular events [16.28 (4.95–45.18)] was sig-
nificantly higher than patients without cardiovascular 
events [4.75 (2.60–7.47)]. The patients with cardiovascular 
events were more likely to be older, current smokers, 
current drinkers, and had a higher prevalence of hyperten-
sion, diabetes, and coronary heart disease. The patients 
with cardiovascular events also tended to have a higher 
body mass index (BMI), systolic and diastolic blood 

pressure. For serological indicators, there was no signifi-
cant difference between the two groups in liver function 
(ALT and AST) and renal function (SCr and eGFR), as 
well as in RBC (all P>0.05). However, significant differ-
ences between the two groups existed in Hb, ALB, HDL, 
LDL, FBG, NT-proBNP, WBC, NEUT, LY, and NLR, 
respectively (all P<0.05).

Elevated NLR Value Had a Significant 
Association with Increased Risk of CVD 
History on Admission in Patients with 
COVID-19
To confirm the association of NLR value with CVD his-
tory on admission in patients with COVID-19, a corrected 
logistic regression model was performed (Table 2). 
The multivariate logistic regression model revealed that 
NLR value [Increased per SD, 2.57 (1.56–4.78), P<0.001; 
Increased 1 of NLR, 2.24 (1.49–4.47), P<0.001] was sig-
nificantly and independently associated with after adjust-
ment of age and gender was made in Model 1. When BMI 
was continued to be added into Model 1, our results 
showed no significant change for the independent associa-
tion in Model 2 [Increased per SD, 2.51 (1.52–4.53), 
P<0.001; Increased 1 of NLR, 2.20 (1.43–4.31), 
P=0.002]. Model 3 [Increased per SD, 2.48 (1.50–4.44), 
P<0.001; Increased 1 of NLR, 2.13 (1.39–4.12), P=0.006] 
and Model 4 [Increased per SD, 2.41 (1.43–4.29), 
P<0.001; Increased 1 of NLR, 2.05 (1.33–4.01), 
P=0.010] remained significantly and strongly associated 
between NLR and CVD history on admission after other 
variables are corrected.

Elevated NLR Value is Associated with 
Higher Risk of Cardiovascular Events 
During Follow-Up in Patients with 
COVID-19
Cardiovascular events occurred in 25 patients with 
COVID-19, including stable or unstable angina (N=6), 
myocardial infarction (N=7), acute HF or exacerbation of 
chronic HF (N=4), sudden cardiac death (N=3), stroke 
(N=3), arrhythmia (N=1), and venous thromboembolism 
(N=1) in patients with COVID-19. Kaplan-Meier analysis 
in our study demonstrated that patients with a higher NLR 
value above median (10.14) had a higher rate of cardio-
vascular events than those with a NLR value below the 
median value (P<0.001, Figure 1). To investigate whether 
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NLR value was associated with risk of cardiovascular 
events during follow-up, Cox regression analysis was per-
formed (Table 3). Cox regression analysis revealed that 
elevated NLR value had a significant association with 
increased risk of cardiovascular events [Increased per 
SD, 2.36 (1.42–4.36), P<0.001; Increased 1 of NLR, 
2.00 (1.30–3.97), P=0.014] after adjustments of age, 

gender, BMI, current smoker, current drinker, systolic 
blood pressure, diastolic blood pressure, and laboratory 
measurements were made in Model 4.

Additionally, a sensitivity analysis was performed by 
using CVD history as a “covariate” to evaluate the asso-
ciation between NLR and cardiovascular events (Table 4). 
Importantly, the results still suggested an independent 

Table 1 Clinical Characteristics of Patients with COVID-19 After Admission

Variables With Cardiovascular Events 
(N=25)

Without Cardiovascular Events 
(N=134)

P-value

Age (years) 72±10.3 63.6±9.3 <0.001

Gender (male), n (%) 12 (48.0) 61 (45.5) 0.193

BMI (kg/m2) 26.4±8.1 23.8±5.6 0.011

Systolic blood pressure (mmHg) 148 (139–161) 145 (136–158) <0.22

Diastolic blood pressure (mmHg) 86 (70–93) 85 (71–92) 0.306

Current smoker, n (%) 16 (64.0) 37 (27.6) <0.001

Current drinker, n (%) 5 (20.0) 20 (14.9) 0.009

Severity of COVID-19 <0.001

Mild, n (%) 15 (60.0) 128 (95.5)

Severe, n (%) 10 (40.0) 6 (4.5)

CVD history on admission
Hypertension, n (%) 18 (72.0) 54 (40.3) <0.001
Diabetes, n (%) 9 (36.0) 24 (17.9) <0.001

Coronary heart disease, n (%) 4 (16.0) 11 (8.2) <0.001

Other or unknown, n (%) 3 (12.0) 13 (9.7) 0.084

Laboratory measurements
SCr (µmol/L) 85.5 (64.9–89.8) 84.9 (60.6–79.5) 0.358
eGFR (mL/min/1.73 m2) 86.4 (78.7–93.6) 87.6 (72.5–90.1) 0.216

Hb (g/L) 106.6±6.9 113.9±5.6 <0.001

RBC (1012/L) 3.54±0.58 3.29±0.47 0.396
HDL (mmol/L) 1.06±0.52 1.55±0.71 <0.001

LDL (mmol/L) 2.73±.91 2.21±.64 <0.001

NT-proBNP (pg/mL) 456.3 (145.8–684.8) 335.2 (102.4–457.4) <0.001
FBG (mg/dL) 92.7±14.5 85.3±12.4 <0.001

ALB (g/L) 39.6 (37.5–42.3) 44.1 (40.2–47.2) <0.001

ALT (U/L) 32.7 (21.7–41.0) 33.0 (15.5–38.0) 0.253
AST (0U/L) 22.0 (17.0–41.0) 23.5 (40.7–37.2) 0.272

WBC (109 /L) 6.8 (4.0–10.1) 5.8 (4.5–7.3) 0.021

NEUT (109/L) 5.4 (3.7–9.4) 4.2 (2.9–5.8) 0.014
LY (109/L) 0.4 (0.2–1.2) 0.9 (0.7–1.1) 0.002

NLR 16.28 (4.95–45.18) 4.75 (2.60–7.47) <0.001

Notes: Normally distributed data are presented as the mean±SD, non-normally distributed data are presented as the median (interquartile range), and categorical variables 
are presented as the n (%). 
Abbreviations: COVID-19, coronavirus disease 2019; BMI, body mass index; CVD, cardiovascular disease; SCr, serum creatinine; eGFR, estimated glomerular filtration 
rate; Hb, hemoglobin; RBC, red blood cell; UA, uric acid; ALB, albumin; ALT alanine transaminase; AST, aspartate transaminase; WBC, white blood cell; HDL, high density 
lipoprotein; LDL, low density lipoprotein; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; FBG, fasting blood glucose; NEUT, neutrophil; LY, lymphocyte; 
NLR, neutrophil-to-lymphocyte ratio.
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association between NLR and cardiovascular events 
[Increased per SD, 2.21 (1.32–5.14), P=0.006; Increased 
1 of NLR, 2.08 (1.28–3.93), P=0.019] in Model 4.

NLR Value Had a Better Prognostic Value 
for Predicting Cardiovascular Events 
During Follow-Up in Patients with 
COVID-19
To determine the predictive value of NLR for cardiovas-
cular events during follow-up in patients with COVID-19, 
the area under the receiver operating characteristic curve 
(ROC-AUC) was performed (Figure 2 and Table 5). The 
NLR value (AUC=0.803, 95% CI=0.731–0.875, P<0.001, 

sensitivity 81.2%, and specificity 82.6%) had a better pre-
dictive value than LY (AUC=0.512, 95% CI=0.415–0.609, 
P=0.809, sensitivity 43.6% and specificity 42.9%) and 
NEUT (AUC=0.619, 95% CI=0.525–0.712, P=0.016, sen-
sitivity 64.4%, and specificity 61.9%) for patients with 
cardiovascular events. These results suggested that NLR 
value has a good predictive value for risk of cardiovascu-
lar events.

Discussion
We provided the first evidence that increased NLR is 
associated with higher risk of a composite event (cardio-
vascular events) including stable or unstable angina, myo-
cardial infarction, acute HF or exacerbation of chronic HF, 

Table 2 The Association Between the NLR and Risk of CVD History on Admission in Patients with COVID-19

Variables Model 1 Model 2 Model 3 Model 4

Increased per SD 2.57 (1.56–4.78) 2.51 (1.52–4.53) 2.48 (1.50–4.44) 2.41 (1.43–4.29)
P-value <0.001 <0.001 <0.001 <0.001

Increased 1 of NLR 2.24 (1.49–4.47) 2.20 (1.43–4.31) 2.13 (1.39–4.12) 2.05 (1.33–4.01)

P-value <0.001 0.002 0.006 0.010

Notes: Model 1: Adjusted for age and gender. Model 2: Adjusted for age, gender, and BMI. Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, and 
severity of COVID-19. Model 4: Adjusted for age, gender, BMI, current smoker, current drinker, severity of COVID-19, systolic blood pressure, diastolic blood pressure, and 
laboratory measurements. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; COVID-19, coronavirus disease 2019; BMI, body mass index.

Figure 1 Kaplan-Meier method and Log rank test for the association between NLR and cardiovascular events during follow-up in patients with COVID-19.
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sudden cardiac death, stroke, arrhythmia, and venous 
thromboembolism in patients with COVID-19. NLR 
might be a potential biomarker for predicting cardiovas-
cular events in patients with COVID-19.

CVDs are a common comorbidity found in patients 
with severe acute respiratory syndrome (SARS) or middle 
east respiratory syndrome (MERS),16–18,25,26 and similar 
findings were also observed with COVID-19.16–18,27 Early 
evidence showed that CVDs and CVDs-related risk factors 
including diabetes mellitus and hypertension were com-
mon pre-existing conditions in patients with COVID-19 
from China. A early study, including 41 patients from 
Wuhan who were hospitalized due to COVID-19, showed 
that diabetes (20%), hypertension (15%), and other CVDs 
(15%) were the most common diseases.6 The high rate of 
these comorbidities was also confirmed in subsequent 
studies.7–11,28–30 Importantly, these pre-existing conditions 
were more likely to exist in critical patients from the 
intensive care unit (ICU). A study has demonstrated that 
31% of patients had hypertension, 10% of patients had 
diabetes, and 15% of patients had other CVDs in 138 
patients infected with COVID-19 hospitalized in the ICU 
ward.7 In the context of these previous studies, finding 
a modifiable risk factor or predictor that can predict car-
diovascular events in patients with COVID-19, so as to 
detect cardiovascular events early and to further improve 
the prognosis of patients.

Inflammatory mechanisms may be the best reason for 
interpretation for the relationship between NLR and 
high risk of cardiovascular events in patients with 
COVID-19. Inflammatory cells, such as neutrophils 
and lymphocytes and their secreted inflammatory med-
iators are involved in various acute and chronic inflam-
matory reactions and immune regulation in vivo.31 

Activated neutrophils can secrete various proteolytic 
enzymes32 and further cause degradation of endothelial 
damage and basement membrane.33 It can infiltrate into 
atherosclerotic plaques and promote instability of the 
plaque.34 NLR, served as an early inflammatory marker, 
was associated with progression of atherosclerosis and 
and its related diseases in various populations.35,36 For 
example, previous studies demonstrated that NLR and 
C-reactive protein (CRP), serving as the inflammatory 
biomarkers, have been found to be strongly associated 
with the risk of CVDs.37–40 Previous evidence also 
suggested that for the ability to predict CVD risk, 
NLR may be a potential surrogate biomarker of sys-
temic inflammation.41 Therefore, we investigated 
whether NLR is associated with increased of cardiovas-
cular events or can be considered as a modifiable risk 
factor or predictor that can predict cardiovascular events 
in patients with COVID-19. Consistent with our hypoth-
esis, our study suggested an independent association of 
NLR with increased risk of cardiovascular events in 

Table 4 Sensitivity Analysis for the Association Between the NLR and Risk of Cardiovascular Events in Patients with COVID-19

Variables Model 1 Model 2 Model 3 Model 4

Per increased SD 2.30 (1.37–5.37) 2.25 (1.34–5.28) 2.23 (1.33–5.22) 2.21 (1.32–5.14)

P-value <0.001 <0.001 0.002 0.006

Per increased 1 of NLR 2.14 (1.32–4.27) 2.12 (1.31–4.19) 2.11 (1.29–4.10) 2.08 (1.28–3.93)
P-value 0.008 0.010 0.013 0.019

Notes: Model 1: Adjusted for age and gender. Model 2: Adjusted for age, gender, and BMI. Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, and 
severity of COVID-19. Model 4: Adjusted for age, gender, BMI, current smoker, current drinker, severity of COVID-19, systolic blood pressure, diastolic blood pressure, and 
laboratory measurements. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; COVID-19, coronavirus disease 2019; BMI, body mass index.

Table 3 The Association Between the NLR and Risk of Cardiovascular Events in Patients with COVID-19 During Follow-Up

Variables Model 1 Model 2 Model 3 Model 4

Per increased SD 2.43 (1.48–5.49) 2.40 (1.45–5.42) 2.37 (1.43–5.40) 2.36 (1.42–4.36)
P-value <0.001 <0.001 <0.001 <0.001

Per increased 1 of NLR 2.20 (1.43–4.38) 2.16 (1.41–4.23) 2.04 (1.36–4.09) 2.00 (1.30–3.97)

P-value 0.001 0.006 0.009 0.014

Notes: Model 1: Adjusted for age and gender. Model 2: Adjusted for age, gender and BMI. Model 3: Adjusted for age, gender, BMI, current smoker, current drinker and 
severity of COVID-19. Model 4: Adjusted for age, gender, BMI, current smoker, current drinker, severity of COVID-19, systolic blood pressure, diastolic blood pressure, and 
laboratory measurements. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; COVID-19, coronavirus disease 2019; BMI, body mass index.
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patients with COVID-19, which is also supported by 
previous evidence.

The current study has several strengths. As far as we 
know, this is the first evidence to investigate the association 
between NLR and risk of cardiovascular events in patients 
with COVID-19. Our results suggested an independent pre-
dictive value of NLR on detecting cardiovascular events, 
which can expand previous rare longitudinal study about 
COVID-19. Furthermore, all components of cardiovascular 
events consisted of stable or unstable angina, myocardial 
infarction, acute HF or exacerbation of chronic HF, sudden 
cardiac death, stroke, arrhythmia, and venous thromboembo-
lism. We comprehensively evaluated the significant relation-
ship between NLR and the risk of cardiovascular events, 
suggesting that inflammatory mechanisms play an important 

role in the pathophysiology of CVDs in patients with 
COVID-19. In addition, sufficient clinical confounding fac-
tors were corrected in our analysis, which can ensure that the 
results were reliable.

Of course, some limitations might be unavoidable. First, 
although our study is a longitudinal study followed up for 
about 6 months among patients with COVID-19, the causal 
link between NLR and risk of cardiovascular events is still 
unconfirmed because of the short follow-up time and 
unknown sequence of occurrence time of elevated NLR 
and cardiovascular events. Future studies need to make 
clear that NLR increases before cardiovascular events occur 
in patients with COVID-19. Second, adequate confounding 
factors correction will lead to over fitting of the model, which 
may make the correlation between NLR and cardiovascular 

Figure 2 ROC curve for prognostic value of NLR value on predicting cardiovascular events during follow-up in patients with COVID-19.

Table 5 Diagnostic Ability of NLR Values to Predicting Cardiovascular Events

Variables AUC 95% CI P-value Sensitivity (%) Specificity (%)

LY (109/L) 0.512 0.415–0.609 0.809 43.6 42.9

NEUT (109/L) 0.619 0.525–0.712 0.016 64.4 61.9
NLR 0.803 0.731–0.875 <0.001 81.2 82.6

Abbreviations: NEUT, neutrophil; LY, lymphocyte; NLR, neutrophil-to-lymphocyte ratio; AUC, area under the curve.
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events smaller than the actual value. Third, NLR was only 
detected once within 24 hours of admission and other vari-
ables affecting NLR level are complex and unknown. The 
instability of NLR may cause some bias in our results. 
Finally, there is also a common limitation that this is a single- 
center study with a small sample number and more studies 
are needed to identify the value of the NLR on recognizing 
risk of cardiovascular events in multi-center and large- 
sample studies in the future.

Conclusion
Our findings provided first evidence that NLR value has 
a significant association with cardiovascular events in 
patients with COVID-19. The inflammatory biomarker 
might be considered a very valuable indicator on predict-
ing cardiovascular events early. Multi-center and large- 
sample studies are necessary to further confirm the relia-
bility of the results in the future.
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