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Objective: Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is the 
most common cause of hospitalization and death among COPD patients. Clinicians are 
seeking simple, inexpensive, and easily obtained biomarkers for prognostic evaluation. The 
aim of this study was to evaluate the association of the neutrophil:lymphocyte ratio (NLR), 
platelet:lymphocyte ratio (PLR) and lymphocyte:monocyte ratio (LMR) with 28-day mor-
tality and assess the clinical prognostic utility of the NLR, PLR, and LMR in patients with 
AECOPD.
Methods: A retrospective study was conducted from January 2017 to April 2020 at Ningbo 
First Hospital. Clinical characteristics, NLR, PLR, LMR, serum levels of CRP, and other data 
were collected. Relationships between the NLR/PLR/LMR and CRP were evaluated with 
Pearson’s correlation test. Receiver-operating characteristic curves and area under the curve 
were used to assess the ability of NLR/PLR/LMR to predict 28-day mortality in patients with 
AECOPD. Optimal cutoff values were determined by the Youden index. Univariate and 
multivariate logistic regression analysis were used to identify risk factors for 28-day mor-
tality in patients with AECOPD.
Results: By reviewing the medical case records, we collected 533 cases diagnosed with 
AECOPD for analysis. Death had occurred in 48 (9%) patients within 28 days. Univariate 
analysis identified age, smoking history, FEV1% predicted, neutrophil count, lymphocyte 
count, NLR, PLR, CRP and blood-urea nitrogen as being associated with increased 28-day 
mortality. Multivariate analysis demonstrated that elevated NLR and PLR were significantly 
associated with death at 28 days. Receiver-operating characteristic analysis showed that the 
NLR had the highest area under the curve (0.801), with optimal cutoff of 6.74, sensitivity of 
82.54%, and specificity of 71.38%. At a cutoff of 203.6, the corresponding sensitivity, 
specificity, and area under the curve of the PLR were 76.86%, 65.27%, and 0.75. The 
LMR failed to show prognostic significance.
Conclusion: Our results indicated that the NLR and PLR were associated with 28-day 
mortality in patients with AECOPD. These ratios may serve as prognostic biomarkers for 
short-term mortality in patients hospitalized with AECOPD.
Keywords: prognostic value, neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, 
AECOPD, biomarker

Introduction
Characterized by progressive breathing difficulty and airflow limitation, chronic 
obstructive pulmonary disease (COPD) is considered one of the main diseases in 
modern times.1 It is estimated that there are around 3 million deaths annually due to 
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COPD worldwide.2 With the increasing prevalence of 
smoking in developing countries and aging populations 
in high-income countries, the prevalence of COPD is 
expected to rise over the next 40 years, and by 2060 
there may be over 5.4 million deaths annually because of 
COPD and related conditions.3,4 In China, COPD is also a 
major public-health concern. Over the past decade, the 
overall incidence of COPD in Chinese people older than 
40 years has risen from 8.2% to 13.7%.5,6 Due to contin-
ued exposure to COPD risk factors, prevalence and burden 
are projected to increase. Acute exacerbation of COPD 
(AECOPD) is acute worsening of the patient’s respiratory 
symptoms (increased dyspnea, increased sputum volume, 
production of purulent sputum), and is the most common 
cause of hospitalization and death among COPD patients. 
Accurately assessing the severity and predicting the out-
come of AECOPD are of critical importance for clinical 
management and optimal allocation of limited medical 
resources. Although the underlying mechanism is still 
unclear, systemic inflammation has been blamed. 
Previous studies have suggested that inflammation in 
AECOPD is amplified in comparison with stable periods, 
and increased levels of inflammatory markers are asso-
ciated with lung-function decline.7,8 Therefore, circulating 
biomarkers that reflect the status of inflammation can serve 
as potential predictors for the prognosis of AECOPD 
patients.

Blood parameters, including numbers of white blood 
cells (WBCs), neutrophils, platelets, lymphocytes, and neu-
trophil:lymphocyte ratio (NLR), platelet:lymphocyte ratio 
(PLR), lymphocyte:monocyte ratio (LMR), and hypersensi-
tive CRP, are regarded as reliable indicators of systemic 
inflammation.9,10 The NLR, PLR, and LMR have been 
proposed as simple and inexpensive independent predictors 
in many diseases. The NLR has been proven as a prognostic 
predictor in many types of malignant tumors, including 
pancreatic cancer,11 esophageal cancer,12 metastatic 
melanoma,13 colorectal cancer,14 diffuse large B-cell 
lymphoma,15 and non–small cell lung cancer.16 In other 
diseases, elevated NLR has been found to be a marker of 
poorer outcomes, such as chronic kidney disease, coronary 
artery disease, appendicitis, systemic lupus erythematosus, 
and cystic fibrosis.17–21 PLR and LMR are other indices of 
systemic inflammation. Studies have demonstrated the 
prognostic role of PLR and LMR in many diseases, such 
as breast cancer,22 laryngeal squamous-cell carcinoma,23 

non–small cell lung cancer,24 and thoracolumbar kyphotic 
deformity.25 However, limited data have been presented on 

the relationship between NLR/PLR/LMR and short-term 
mortality of hospitalized patients with AECOPD. On that 
basis, our study aimed to investigate the roles of simple, 
inexpensive, and easily available inflammatory markers, 
such as NLR, PLR, and LMR, in predicting 28-day mortal-
ity for AECOPD patients.

Methods
Study Population
We retrospectively enrolled 533 inpatients with a diagnosis 
of AECOPD in our hospital from January 2017 to April 
2020. Diagnosis owas based on clinical evaluation and 
pulmonary function tests showing airflow obstruction 
according to the GOLD criteria (forced expiratory volume 
in 1 second [FEV1] <80% predicted, FEV1/ forced vital 
capacity [FVC] <70%, and bronchodilatation effect 
<12%).1 AECOPD was defined as altered amount and 
color of sputum, increased coughing, increased chest tight-
ness, wheezing, pyrexia, decreased performance in daily 
activities, and/or altered mental status.1 Criteria for admis-
sion were frequent exacerbation, impaired activities of 
daily life because of shortness of breath, fever, and/or 
deterioration in mental status, increased oxygen demand 
(PaO2 <60 mmHg, SaO2 <90%), and/or hypercapnia 
(>50 mmHg), despite optimal treatment.26 Patients with 
hematologic disease, hepatic impairment, active bleeding, 
blood transfusion in the preceding 3 months, pulmonary 
embolism in the last month, acute myocardial infarction or 
cerebrovascular disease, history of myeloproliferative dis-
ease, autoimmune diseases, and any other form of cancer 
were excluded from the study. The Ethics Committee of 
Ningbo First Hospital approved the study, which was 
carried out according to the Declaration of Helsinki. All 
participants provided written informed consent.

Data Collection
Venous blood was collected twice from each recruited 
individual. The first test was performed immediately after 
admission and the second 7–10 days after admission. 
Demographic information, ie, age, sex, smoking status, 
and body-mass index (BMI), and blood-count parameters, 
ie, WBCs, neutrophils, lymphocytes, platelets, monocytes, 
and CRP were collected from medical records. NLR, PLR, 
and LMR were all obtained from the same automated 
blood samples for analysis. Blood-cell analysis was per-
formed on an MEK-8222K automatic hematology analyzer 
(Nihon Kohden). The other parameters — D-dimer and 
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fibrinogen levesl, serum creatinine (Cr), blood-urea nitro-
gen (BUN), albumin, and lactate dehydrogenase (LDH) — 
were also retrieved from medical records. For arterial 
blood–gas analyses, blood was drawn from the radial 
artery while the patients were breathing room air. 
Spirometry was performed according to American 
Thoracic Society guidelines. Lung function data, ie, 
FEV1, FVC, FEV1/FVC, and FEV1% predicted, were col-
lected from all subjects.

Statistical Analysis
All statistical analyses were performed using SPSS 20.0. 
Patients were divided into two groups (death group and 
survival group) according to outcome after 28 days’ hospi-
talization. Continuous variables are presented as means ± 
SD. Categorical data are presented as frequencies and per-
centages. Continuous variables were tested for normality 
using the Kolmogorov–Smirnov test. Differences in contin-
uous variables between groups were determined using 
Student’s t-test or nonparametric tests for variables with or 
without normal distribution, respectively. Paired-sample 
t-tests were used to compare differences in parameters at 
the time of admission and 7–10 days later. Categorical data 
were compared using the X2 tests. Relationships between 
different parameters were evaluated by Pearson’s correlation 
test. Receiver- operating characteristic (ROC) curves were 
constructed for NLR/PLR/LMR/CRP. Area under the ROC 
curve (with 95% CI), sensitivity, and specificity were calcu-
lated and compared with one another. Optimal cutoff values 
were determined by the Youden index. Univariate and multi-
variate logistic regression analysis was used to identify risk 
factors of 28-day mortality in patients with AECOPD. 
Variables from the univariate analysis with P<0.05 were 
evaluated for multivariate binary logistic regression. 
P<0.05 was considered statistically significant.

Results
General Characteristics of All Subjects
We reviewed medical case records from January 2017 to 
April 2020. Finally, 533 patients with AECOPD met our 
inclusion criteria and were included. A total of 48 patients 
had died within 28 days (9%). The patients were divided 
into a death group (48 cases) and survival group (485 
cases). General characteristics and comparison of all para-
meters are listed in Table 1. The mean age of all partici-
pants was 75.71±9.92 years and mean BMI 20.74±3.55. 

Men accounted for 66.6%, and 338 (63.41%) had a history 
of smoking.

Parameters of Death and Survival Groups 
at Admission
There were no significant differences between the death 
group and survival group for sex (P=0.525) or BMI (21.16 
±3.73 vs 19.40±2.49, P=0.675). However, the smoking 
rate in the death group was significantly higher than the 
survival group (P=0.022). Mean age of the death group 
was significantly higher than the survival group (74.76 
±9.95 vs 80.87±8.66, P<0.001). The survival group had 
significantly higher FEV1% predicted than the death group 
(45.72±8.03 vs 39.23±5.56, P<0.001), but differences in 
FEV1 and FEV1/FVC between the two groups were not 
significant. These results are listed in Table 1.

Compared to the survival group, the death group had sig-
nificantly elevated WBCs (12.14±3.91 vs 8.76±4.23, 
P<0.001), neutrophils (10.60±3.97 vs 6.81±5.68, P<0.001), 
NLR (15.12±12.99 vs 8.51±6.08, P<0.001) and PLR (284.70 
±131.73 vs 211.92±89.57, P<0.001) over the survival group. 
CRP levels in the death group were also higher than the 
survival group (64.65±28.68 vs 43.79±19.91, P<0.001). The 
death group also had significantly higher PaCO2 (63.03±17.36 
vs 51.58±14.70, P<0.001), D-dimer (933.27±238.88 vs 350.56 
±105.07, P<0.001), Cr (101.00±66.64 vs 77.46±47.51, 
P=0.005), BUN (10.63±1.99 vs 7.21±1.81, P=0.007) and 
LDH (291.23±88.92 vs 212.64±84.14, P=0.001). However, 
the death group had markedly reduced PaO2 (65.94±9.43 vs 
70.9±10.21, P=0.002) and lymphocytes (0.86±0.67 vs 1.22 
±0.75, P<0.001) compared to the survival group. Differences 
in pH, LMR, platelets, monocytes, fibrinogen, and albumin 
were not significant. These results are presented in Table 1. 
NLR and PLR correlated positively with CRP (r=0.472, 
P<0.001; r=0.233, P=0.002), whereas no correlation was 
observed between LMR and CRP (r=−0.135, P=0.445).

We analyzed the subgroup with elevated PaCO2 

(≥50mmHg) at admission. We found 265 patients with 
elevated PaCO2: 227 in the survival group and 38 in the 
death group. NLR and PLR in nonsurvivors were mark-
edly higher than in survivors (18.42±15.05 vs 11.16±7.38, 
P<0.001; 294.34±134.63 vs 219.53±96.74, P<0.001). We 
also analyzed the subgroup with reduced PaO2 

(≤60mmHg) at admission. We found 212 patients with 
reduced PaO2: 183 in the survival group and 29 in the 
death group. The death group showed significantly lower 
PaO2 (52.74±21.15 vs 58.76±27.88, P<0.05) than the 
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survival group. Correspondingly, NLR and PLR in non-
survivors were remarkably higher than in survivors (17.38 
±10.30 vs 10.66±5.72, P<0.001; 287.56±121.18 vs 214.43 
±91.24, P<0.001). These results indicated that NLR and 
PLR can discriminate subgroups with poor prognoses, 
even when they have elevated or reduced PaO2.

Parameters at Admission Versus 7–10 
Days after Hospitalization in Death and 
Survival Groups
In the death group, compared with admission, WBCs 
(15.91±5.65 vs 12.14±3.91, P<0.001), neutrophils (13.45 
±4.50 vs 10.60±3.97, P=0.003), NLR (18.98±24.34 vs 

Table 1 Comparison of general characteristics between death group and survival group

Clinical characteristic Overall (n=533) Survival group (n=485) Death group (n=48) p

Age (years) 75.71±9.92 74.76±9.95 80.87±8.66 <0.001

Sex, n (%)
Male 355(66.60%) 325(67.01%) 30(62.50%) 0.525
Female 178(33.40%) 160(32.99%) 18(37.50%)

Smoking history, n (%)
Current/ever-smoker 338(63.41%) 300(61.86%) 38(79.17%) 0.022

Never-smoker 195(36.59%) 185(38.14%) 10(20.83%)

BMI (kg/m2) 20.74±3.55 21.16±3.73 19.40±2.49 0.675

Pulmonary function
FEV1 (L) 0.98±0.43 1.02±0.55 0.95±0.49 0.245

FEV1/FVC 54.84±9.93 55.13±10.32 52.17±8.85 0.334
FEV1% predicted 43.09±7.61 45.72±8.03 39.23±5.56 <0.001

pH 7.40±0.08 7.42±0.09 7.37±0.06 0.073

PaCO2 (mmHg) 53.14±16.73 51.58±14.70 63.03±17.36 <0.001

PaO2 (mmHg) 70.0±10.26 70.90±10.21 65.94±9.43 0.002

WBCs (×109/L) 9.35±4.35 8.76±4.23 12.14±3.91 <0.001

Neutrophils (×109/L) 7.58±5.49 6.81±5.68 10.60±3.97 <0.001

Lymphocytes (×109/L) 1.12±0.67 1.22±0.75 0.86±0.67 <0.001

Platelets (×109/L) 211.20±87.65 213.97±81.95 200.03±109.21 0.407

Monocytes (×109/L) 0.64±0.37 0.64±0.33 0.62±0.52 0.663

NLR 9.02±6.54 8.51±6.08 15.12±12.99 <0.001

PLR 220.99±95.32 211.92±89.57 284.70±131.73 <0.001

LMR 2.20±1.75 2.26±1.79 1.62±1.19 0.061

CRP 45.67±21.66 43.79±19.91 64.65±28.68 <0.001

D-dimer (ng/mL) 461.11±138.99 350.56±105.07 933.27±238.88 <0.001

Fibrinogen (g/L) 4.09±2.16 4.15±2.28 3.85±1.56 0.386

Cr (µmol/L) 81.92±52.35 77.46±47.51 101.00±66.64 0.005

BUN (mmol/L) 7.86±1.94 7.21±1.81 10.63±1.99 0.007

Albumin (g/L) 35.11±7.09 34.56±5.42 37.42±10.65 0.645

LDH (U/L) 227.55±85.68 212.64±84.14 291.23±88.92 0.001

Abbreviations: NLR, neutrophil:lymphocyte ratio; PLR, platelet:lymphocyte ratio; LMR, lymphocyte:monocyte ratio; Cr, creatinine; BUN, blood-urea nitrogen; LDH, 
lactate dehydrogenase; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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15.12±12.99, P<0.001), PLR (302.26±144.24 vs 284.70 
±131.73, P<0.001), and CRP (88.76±34.91 vs 64.65 
±28.68, P=0.02) were significantly elevated at 7–10 days. 
Lymphocytes (0.69±0.43 vs 0.86±0.67, P=0.001) and 
PaO2 (59.56±7.67 vs 65.94±9.43, P=0.03) were signifi-
cantly lower at 7–10 days than at admission. Other para-
meters, including PaCO2 and LDH, were elevated 
significantly (P<0.05) at 7–10 days. There were no sig-
nificant differences for D-dimer, Cr, or BUN.

In the survival group, after 7–10 days’ treatment, the 
NLR (6.77±4.87 vs 8.51±6.08, P<0.001), PLR (193.74 
±77.34 vs 211.92±89.57, P=0.02), and CRP (21.63±9.39 
vs 43.79±19.91, P<0.001) had decreased significantly 
compared to admission, but the lymphocytes had elevated 
significantly (2.08±0.89 vs 1.22±0.75, P=0.005). WBC 
and neutrophils had reduced at 7–10 days, but the differ-
ences were not significant. D-dimer, Cr, and BUN had 
decreased significantly (P<0.05) and PaO2 elevated signif-
icantly (P=0.002) after treatment. There were no signifi-
cant differences in PaCO2 and LDH. Results wae 
presented in the Table 2.

Univariate and Multivariate Logistic 
Regression of Risk Factors Associated 
with 28-Day Mortality

On univariate analysis, factors significantly correlating 
with increased 28-day mortality were age (OR 1.07, 95% 
CI 1.03–1.27; P=0.001), smoking history (OR 1.27, 95% 
CI 0.56–3.04; P=0.015), FEV1% predicted (OR 0.96, 95% 
CI 0.95–0.99; P=0.004), neutrophils (OR 3.98, 95% CI 
1.91–7.06; P<0.001), lymphocytes (OR 1.79, 95% CI 
2.37–11.69; P=0.007), NLR (OR 4.09, 95% CI 1.03– 
9.14; P<0.001), PLR (OR 4.03, 95% CI 1.33–11.01; 
P<0.001), CRP (OR 3.03, 95% CI 1.84–3.05; P<0.001), 
and BUN (OR 1.87, 95% CI 0.99–2.03; P=0.018; Table 3). 
There was no significant difference in PaCO2, PaO2, 
D-dimer, Cr, or LDH (P>0.05, Table 3). Multivariate 
logistic regression analysis of the significant variables 
demonstrated that elevated NLR (OR 3.87, 95% CI 1.29– 
10.30; P<0.001) and PLR (OR 3.45, 95% CI 1.43–12.62; 
P=0.005) were also significantly associated with 28-day 
mortality. Smoking, decreased FEV1% predicted, elevated 
neutrophils, and elevated CRP were also associated with 
increased adverse outcomes. These data are presented in 
Table 4. Ta
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ROC-Curve Analysis
We conducted post hoc analyses to determine the prog-
nostic utility of the NLR, PLR, LMR, and CRP by calcu-
lating sensitivity and specificity using the ROC curves. 
The NLR had the highest AUC (0.801,95% CI 0.753– 
0.889), with optimal cutoff of 6.74, sensitivity of 
82.54%, and specificity of 71.38%. At a cutoff of 
203.60, the corresponding sensitivity, specificity, and 
AUC of the PLR were 76.86%, 65.27%, and 0.750. At a 
cutoff of 56.65, the sensitivity, specificity, and AUC of 
CRP were 73.86%, 61.27%, and 0.740. However, the AUC 
of the LMR was only 0.368. Next, we investigated the 
predictive value of different biomarker combinations: 
combining markers increased predictive sensitivity, with 
the best AUC 0.857, sensitivity of 86.54%, and specificity 
of 70.85% obtained using a combination of NLR, PLR, 
and CRP. Figure 1 shows ROC curves for the NLR, PLR, 
and CRP and combination of three markers.

Discussion
AECOPD represents episodes of deterioration of respiratory 
symptoms that reflect worsening of underlying chronic air-
way inflammation.27 It is considered the leading cause of 

hospitalization, and contributes significantly to mortality 
among patients with COPD.28 Identifying reliable and simple 
biomarkers that can correctly assess mortality risk during 
AECOPD hospitalization is of great importance in clinical 
practice. In this study, we found that NLR and PLR in the 
death group were significantly higher than the survival 
group, and these ratios were positively correlated with CRP 
— a traditional systemic inflammation biomarker — in 
patients with AECOPD. Multivariate binary logistic regres-
sion analysis revealed that increased NLR and PLR were 
independent risk factors of 28-day mortality in AECOPD 
patients. ROC analysis showed that the AUC of the NLR 
and PLR for predicting 28-day mortality was 0.801 and 
0.750, indicating predictive accuracy. Furthermore, the 
NLR and PLR had significantly elevated in nonsurvivors at 
7–10 days over admission, indicating that they had increased 
as the patient’s condition worsened, thereby providing a 
reference for clinicians. However, the LMR did not show a 
significant relationship with short-term death in AECOPD.

It has been observed that systemic inflammatory markers 
will increase in COPD patients, and during exacerbations, the 
severity of inflammation is significantly enhanced.29 There 
have been several studies showing that such inflammatory 

Table 3 Univariate logistic regression analysis of risk factors associated with 28-day mortality for AECOPD patients

Parameter β SE Wald x2 P OR 95% CI

Age (years) 0.07 0.02 11.39 0.001 1.07 1.03–1.27

Smoking history 0.37 0.33 1.04 0.015 1.27 0.56–3.04

FEV1% predicted −0.41 0.15 14.78 0.004 0.96 0.95–0.99

PaCO2 (mmHg) 1.06 0.21 31.14 0.065 1.36 1.04–2.28

PaO2 (mmHg) 0.95 0.32 9.15 0.072 1.95 1.92–2.98

WBCs (×109/L) 0.90 0.25 2.18 0.341 0.41 0.29–2.21

Neutrophils (×109/L) 1.02 0.44 11.20 <0.001 3.98 1.91–7.06

Lymphocytes (×109/L) 1.73 0.38 21.36 0.007 1.79 2.37–11.69

NLR 1.08 0.43 59.76 <0.001 4.09 1.03–9.14

PLR 2.00 0.60 37.59 <0.001 4.03 1.33–11.01

CRP 1.03 0.61 8.16 <0.001 3.03 1.84–3.05

D-dimer (ng/mL) 1.53 0.51 32.62 0.105 1.08 0.87–1.54

Cr (µmol/L) 1.69 0.16 34.09 0.073 1.01 0.47–2.01

BUN (mmol/L) 0.71 0.33 21.77 0.018 1.87 0.99–2.03

LDH (U/L) 0.82 0.42 4.84 0.360 1.72 0.98–1.97
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markers as CRP, IL-6, IL-8, and TNF-α increase in patients 
with COPD and even those with stable COPD compared to 
healthy individuals, and that increased levels of these markers 
are associated with acute exacerbation and mortality.30,31 CRP 
is one of the most commonly used inflammatory markers in 
clinical practice. In this study, we also found that serum CRP 
levels significantly increased in the death group compared to 
the survival group. As an emerging inflammatory indicator, the 

NLR plays multiple roles in acute exacerbations of COPD and 
is helpful in the clinical management of patients with 
AECOPD. The NLR has been demonstrated to be as useful 
as CRP in the evaluation of elevated inflammation in 
AECOPD.32 Lee et al33 found that the NLR was significantly 
elevated in patients with AECOPD over those with stable 
COPD. Kurtipek et al demonstrated that as NLR increased, 
airway narrowing increased, indicating the NLR was a 
useful marker in early identification for further COPD 
exacerbations.34 In another study, NLR >4.5 was found to be 
an independent risk factor of readmission due to AECOPD 
within a month.35 Lee et al36 found that the NLR correlated 
with the severity of airflow limitation, and that it can be used as 
a predictor for exacerbations during 1-year follow-up. 
Recently, two more studies demonstrated that the NLR has a 
prognostic role for long-term mortality in COPD patients.37,38 

In our study, we found that NLR was higher in nonsurvivors 
than survivors with AECOPD, and NLR correlated positively 
with CRP. At an optimal cutoff of 6.74, the sensitivity and 
specificity of the NLR in predicting 28-day mortality were 
82.54% and 71.38%, respectively, with an AUC of 0.801. 
The accuracy of this evaluation was much better than that of 
CRP (AUC 0.740) and PLR (AUC 0.750). Therefore, our 
present results demonstrate that the NLR has moderate diag-
nostic ability for short-term prognosis and is useful as a prog-
nostic biomarker in AECOPD patients.

The PLR, another inflammatory biomarker, has been 
extensively evaluated as a surrogate marker of inflammation 
in many diseases. In COPD, two studies with relatively small 
samples reported that PLR was significantly elevated in 
AECOPD patients compared to stable COPD patients, but 
neither specifically explored the association between elevated 

Table 4 Multivariate logistic regression analysis of risk factors associated with 28-day mortality for AECOPD patients

Parameter β SE Wald χ2 P OR 95% CI

Age (years) 0.12 0.08 10.34 0.672 0.79 0.65–1.44

Smoking history 0.88 0.74 17.38 0.026 2.02 1.78–5.13

FEV1% predicted −0.34 0.32 15.28 0.034 0.97 0.96–0.99

Neutrophils (×109/L) 1.21 0.54 12.34 0.002 1.78 1.35–6.31

Lymphocytes (×109/L) 1.64 0.33 18.79 0.083 1.04 1.86–10.37

NLR 1.22 0.52 52.28 <0.001 3.87 1.29–10.30

PLR 2.15 0.58 33.89 0.005 3.45 1.43–12.62

CRP 1.14 0.38 7.73 <0.001 2.58 1.59–4.47

BUN (mmol/L) 0.77 0.41 17.76 0.076 0.88 0.76–2.78

Figure 1 Receiver-operating characteristic (ROC) curves of NLR, PLR, and CRP, 
singly and combined, for predicting 28-day mortality of patients with acute exacer-
bation of chronic obstructive pulmonary disease. ROC curves for single predictors 
had areas of 0.801 (NLR), 0.750 (PLR), and 0.740 (CRP) . Combined predictors of 
NLR, PLR, and CRP had the best AUC of 0.857.
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PLR and adverse clinical outcomes. In this study, we evaluated 
the utility of the PLR to predict short-term mortality in hospi-
talized patients with AECOPD. The results showed that the 
PLR was significantly higher in the death group than the 
survival group and correlated positively with CRP. At a cutoff 
of 203.60, the sensitivity and specificity of the PLR were 
76.86% and 65.27%, respectively, with an AUC of 0.75, 
indicating that it may also be a useful biomarker for identifying 
AECOPD patients at increased risk of adverse outcomes and 
providing prognostic guidance to clinicians. We found that the 
combination of NLR and PLR with CRP increased predictive 
sensitivity for short-term mortality in patients with AECOPD, 
with best AUC of 0.857, sensitivity of 86.54%, and specificity 
of 70.85%. Therefore, we suggest combining the NLR and 
PLR with traditional inflammatory markers, such as CRP, to 
improve the accuracy of prediction.

Our study is a novel contribution to the growing scien-
tific body of knowledge about the prognostic utility of the 
NLR and PLR in chronic inflammatory disorders, such as 
COPD. Our results further suggest that the NLR and PLR 
are simple and useful biomarkers for predicting short-term 
mortality in hospitalized patients with AECOPD and are 
available to and affordable for each patient with AECOPD. 
The clinical utility of the NLR and PLR may be superior to 
that of other markers, which may need specific equipment 
or reagents. Monitoring changes in NLR and PLR can help 
clinicians in early detection of patients with AECOPD who 
are at high risk of short-term death. However, there were 
certain limitations in our study. First, this was a retrospec-
tive study. There may have been some selection bias. 
Second, it was limited by using a single medical center for 
data. Finally, the present results were from the short-term 
follow-up. Future studies should focus on long-term out-
comes. We hope to make further efforts to design a pro-
spective study with multiple centers and different ethnic 
groups to explore the application values of the NLR and 
PLR in patients with AECOPD.

Conclusion
The present study suggested that the NLR and PLR — as 
rapid, inexpensive, and easily obtained routine blood mar-
kers — were associated with short-term adverse outcomes 
in patients with AECOPD. Elevated NLR and PLR pre-
dicted increased risk of 28-day mortality in patients with 
AECOPD. They may be independent prognostic biomar-
kers. However, the LMR failed to show prognostic sig-
nificance. Patients hospitalized for AECOPD may benefit 
from regular clinical surveillance for NLR and PLR.
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