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Objective: This study aimed to evaluate the predictive value of neutrophil to lymphocyte ratio (NLR) for poor outcomes within 90-
day in hospitalized patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD).

Methods: A retrospective study including 503 AECOPD patients was performed, and the subjects’ clinical characteristics were
collected. Binary logistic regression analysis was used to identify risk factors for 90-day poor outcomes in patients with AECOPD.
Receiver-operating characteristic curves (ROC) and areas under the curves (AUC) were used to assess the ability of different
biomarkers to predict the risk of 90-day mortality, readmission and re-exacerbation in patients with AECOPD.

Results: During the follow-up, 188 patients (38.4%) redeveloped exacerbations, 112 patients (22.9%) were readmitted, and 20
patients (4.1%) died directly resulted from COPD or COPD-related causes. Multivariate analysis demonstrated that age>72 years (OR:
14.817, 95% CI: 1.561-140.647), NLR>14.17 (OR: 9.611, 95% CI: 2.303-40.113), EOS<0.15% (OR: 8.621, 95% CI: 3.465-34.913)
and BNP>2840ng/L (OR: 5.291, 95% CI: 1.367-20.474) at discharge were independent risk factors for 90-day mortality in AECOPD
patients. NLR was the optimal biomarker for predicting 90-day mortality with an AUC of 0.802 (95% CI: 0.631-0.973). Using 14.17
as the critical value of NLR, the sensitivity was 76.7%, and the specificity was 88.9%. Compared with mortality, NLR had no
significant advantage in predicting risk of short-term re-exacerbation (AUC=0.580, 95% CI:0.529-0.632, p=0.001) and readmission
(AUC=0.555, 95% CI:0.497-0.614, p=0.045), with AUCs less than 0.6. In contrast, the predictive value of EOS (AUC=0.561, 95%
CI:0.502-0.621, p=0.038) was slightly better than NLR in terms of readmission within 90 days. CRP did not serve as a well predictive
biomarker for the risk of readmission and re-deterioration (p>0.05).

Conclusion: NLR is of great value in predicting the risk of poor outcomes, especially COPD associated mortality, in hospitalized
patients with AECOPD within 90 days after discharge.

Keywords: acute exacerbation of chronic obstructive pulmonary disease, neutrophil to lymphocyte ratio, mortality, readmission,
eosinophil count, C-reactive protein, biomarker

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality worldwide, imposing
substantial burden on medical and health resources.'* Acute exacerbation of COPD (AECOPD) is a critical condition where
patients experience deterioration during the course of disease, easily inducing adverse events such as respiratory failure,
respiratory distress syndrome, even hospitalization and mortality.*> Following an exacerbation episode, patients typically
require a recovery period of 8—12 weeks to reach a state of clinical stability. This window is also associated with an increased
risk of recurrent exacerbation, with studies indicating a 90-day readmission rate of approximately 30%.% Furthermore,
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mortality rates remain high even after hospital discharge.® Given these challenges, critical and prompt assessment of patients’
risk of adverse prognosis is crucial for providing informed medical decisions such as treatment intensification, therapy
modification, and follow-up duration post-discharge.

The chronic inflammation plays a crucial role in the pathogenesis of COPD, and is closely linked to the acute onset,
severity and prognosis.” Extensive efforts have been made to identify reliable biomarkers that reflect disease severity and
response to treatment. C-reactive protein (CRP) has been demonstrated to be related with disease severity, prognosis,
diagnosis of acute exacerbations and complications.*'® However, conflicting results have been reported regarding the
usefulness of CRP in predicting short-term prognosis, which has hampered its clinical applications.'''* Meanwhile,
researches have suggested that increased eosinophil count(EOS) in stable COPD patients is correlated with a more favorable
therapeutic response to glucocorticoids and an increased risk of future exacerbations."'* ' Nevertheless, the susceptibility of
EOS to other factors and its fluctuation make it challenging to use as a definitive predictor of poor prognosis.'* '

In recent years, the neutrophil to lymphocyte ratio (NLR), reflecting changes in the immune system and inflammation,
has gained attention as a systemic inflammatory biomarker due to its rapid, widely available and inexpensive assessment,
particularly in chronic diseases.'”*° Gunay et al firstly utilized the NLR as a valuable biomarker for severity of
inflammation in patients with COPD,*' while subsequent studies highlighted its significance as an independent predictor
for the severity of COPD exacerbation and mortality.”>** Notably, a systematic review and meta analysis have reported
significant correlations between NLR and clinical symptoms, pulmonary function parameters, increased risk of bacterial
infections, in-hospital, early (first 90 days) and late (within 24 months) mortality in AECOPD patients.** Another meta-
analysis of 5140 patients included in 9 studies by Ye et al similarly showed that higher NLR was associated with higher
risk of exacerbation (OR:3.81, 95% confidence interval(CI):1.20-12.13) and mortality (OR:2.60, 95% CI:1.48-4.57),
including short-term or long-term mortality.”> Nonetheless, there is a scarcity of correlational studies elucidating whether
NLR holds a substantial advantage over other biomarkers for predicting poor prognosis after discharge, specifically
regarding short-term mortality, re-exacerbation and readmission.

The aim of this study was to evaluate and contrast the predictive efficacy of NLR alongside other biomarkers such as
EOS and CRP in gauging the possibility of mortality, readmission, and re-exacerbation within 90 days in patients with
AECOPD to further explore the value of NLR in the clinical application of AECOPD.

Materials and Methods

Patients

A total of 503 patients admitted to west China hospital of Sichuan University from March 2015 to February 2021 and
primarily diagnosed with “AECOPD” were included according to the criteria developed by the Global Initiative on
Chronic Obstructive Pulmonary Disease (GOLD) in 2021." Patients with lung cancer, pure asthma, severe cardiovascular
and cerebrovascular diseases, autoimmune disease, hematologic tumor and other diseases that may affect the relevant
clinical indicators on the basis of the judgment of physicians, and patients with incomplete clinical data were excluded.
This study was retrospective and approved by the Biomedical Ethics Review Committee of west China hospital of
Sichuan University (N0.2021-1374). This study complied with the Declaration of Helsinki.

Diagnostic criteria of COPD: a. the presence of respiratory symptoms such as chronic cough and expectoration and
imaging tests suggesting manifestations of chronic bronchitis and emphysema, b. pulmonary function test (PFT) showing
persistent airflow limitation after inhalation of bronchodilators, c. exclusion of other known diseases with airflow
limitation. Spirometry was performed using Vmax 22 (SensorMedics, Yorba Linda, California, USA) and PFDX
(MedGraphics, St. Paulo, Minnesota, USA) according to American Thoracic Society guidelines. Lung volumes were
measured 15 minutes after administration of 400 pg salbutamol. The ratio of forced expiratory volume in the first second
to forced vital capacity < 70% (FEV1/FVC<70%) was used to indicate persistent airflow limitation.

Diagnostic criteria of AECOPD: a. an acute sustained deterioration of dyspnea, cough and/or sputum beyond
normal day-to-day variations in a patient with underlying COPD, requiring a change in conventional medication or
even hospitalization, b. exclusion of other known causes of deterioration of respiratory function such as acute coronary

syndrome, pneumothorax and pleural effusion and so on.'
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The diagnosis of COPD was based on the PFT performed by the patients in the past, while most of the patients in this
study were unable to complete the PFT during their hospitalization due to the severe conditions, so the pulmonary
function parameters were not involved.

Predictors

Enrolled patients’ baseline information, first and last laboratory tests, and treatment measures, complications, and
outcomes during hospitalization were collected through an electronic medical record system. Firstly, baseline information
included age, gender, body mass index (BMI), smoking history, and history of previous frequent exacerbations. Secondly,
laboratory tests included inflammatory indicators such as NLR, blood eosinophil count, C-reactive protein (CRP),
interleukin-6 (IL-6), procalcitonin (PCT) as an infection index, coagulation indicators such as D-dimer and fibrinogen,
brain natriuretic peptide (BNP) used to assess heart failure, arterial blood gas analysis and other biochemical parameters.
Clinical information during hospitalization included oxygen therapy, glucocorticoids administration, the incidence of
complications such as respiratory failure, heart failure, pneumonia, fungal infections and multi-drug resistant bacterial
infections and mortality during hospitalization.

In this study, the history of previous frequent exacerbations was defined as occurring >2 moderate-to-severe exacerba-
tions per year. Oxygenation index was calculated as the ratio of the partial pressure of arterial oxygen to the fraction of
inspired oxygen (PaO,/FiO,). The laboratory indicators at admission (before treatment) referred to the values initially
measured within 24 hours after admission, and the values at discharge (after treatment) were measured within 72 hours
before discharge or death. There was no variation between the measurement times of each assay for different biomarkers.

Outcomes
In this study, every patient was surveyed for major events, including acute exacerbation, new diseases, accidents,
readmission or death within 3 months after discharge, on an outpatient visit or by telephone. The mainly poor outcomes
were re-exacerbation, readmission and COPD associated mortality within 90 days. If a cause other than COPD was
dominant, as assessed by the attending physician, the deterioration was not regarded as an exacerbation. COPD
associated mortality was calculated from the deaths that directly resulted from COPD or COPD-related causes.

All the diagnoses were eventually made by two senior respiratory physicians based on a combination of history,
clinical symptoms, and imaging findings.

Statistical Analysis

The analysis was performed with SPSS 24.0 (SPSS Inc., Chicago, IL, USA). Qualitative variables were expressed as
counts and frequencies, use Fisher’s exact test or 2 test depending on data. Quantitative variables that conform to normal
distribution were expressed as mean and standard deviation(SD), otherwise median and interquartile range (IQR) were
applied, compared by #-test or Mann—Whitney U-test. The Youden index was utilized to calculate the cut-off value of
each variable, and receiver operating characteristic (ROC) curve analysis was used to evaluate the sensitivity and
specificity of different potential predictors of adverse prognosis. The area under the curve (AUC) was used to assess
prognostic accuracy, which ranges from 0.5 to 1.0 — with higher values indicating higher discriminatory ability.
Univariate logistic regression analysis was performed to identify risk factors for 90-day mortality in patients with
AECOPD. All p values were two-sided and risk factors with p values <0.10 in univariate analysis were included in
a multivariate analysis. A stepwise approach was used to identify the combination of variables that most accurately
predicted the risk of death within 90 days after discharge, resulting in a prediction model in patients with AECOPD. In
this study, p< 0.05 was considered as statistically significant.

Results

Patient Characteristics
Among the 503 patients, 371 (73.8%) were male, the median age was 74 years old, from 40 to 95 years old, and 148
(29.4%) had a history of frequent exacerbation. The average length of hospitalization was 15 days, from 3 to 83 days. In
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addition, 14 patients (2.8%) died during hospitalization. During the follow-up, 188 patients (38.4%) redeveloped
exacerbations, 112 patients (22.9%) were readmitted, and 20 patients (4.1%) died directly resulted from COPD or COPD-
related causes.

Prognostic Factors of 90-Day Mortality in AECOPD Patients
In order to explore risk factors associated with short-term mortality of AECOPD, patients were divided into death group
and survival group. The results showed that patients in the death group were older (78.25+6.18 vs 71.60+9.76, p=0.015)
and no statistical difference in terms of gender, BMI, smoking index and history of frequent exacerbation was observed
between two groups. Significant increase of the levels of NLR (28.04+10.24 vs 5.63 + 2.76, p=0.001), CRP (48.67mg/L
vs 14.83mg/L, p=0.025), BNP (4779.85+539.94ng/L vs 1591.83+£368.95ng/L, p=0.001) and D-dimer (4.16+2.51mg/L
FEU vs 1.98+1.18mg/L FEU, p=0.002) were observed in death group. In addition, in death group the level of EOS (0.38
+0.05 vs 2.20+1.21, p=0.000) was lower than those of survival group. Our data did not show obvious correlations
between IL-6 and PCT and mortality in AECOPD patients (Table 1).

In the death group, patients had a higher proportion of combined cor pulmonale (25.0% vs 9.2%, p=0.037) and a greater
probability of mechanical ventilation (80.0% vs 29.6%, p=0.000) and systemic glucocorticoids use (65.0% vs 42.0%,
p=0.042) during hospitalization, accompanied by a longer mean time required for mechanical support (8.84+3.01d vs 4.49

Table | Comparison of Clinical Characteristics Between Death Group and Survival Group Within 90 Days
After Discharge

n Death Group n=20 Survival Group n=469 p value
Patients characteristics, number (%) or mean * SD
Male 489 16/20 (80.0%) 347/469 (74.0%) 0.547
Age(years) 489 78.25+6.18 71.60£9.76 0.015
BMI (kg/m?) 489 21.15£3.169 20.85+5.049 0.695
Ex-or current smokers 489 14/20 (70.0%) 306/469 (65.2%) 0.661
Smoking index (pack-year) 489 20.32+7.68 23.631£5.47 0.575
History of frequent exacerbation 489 7/20 (35.0%) 137/469 (29.2%) 0.578
Underlying diseases, number (%)
CHD 489 3/20 (15.0%) 81/469 (17.3%) 0.541
Hypertension 489 5/20 (25.0%) 971469 (20.7%) 0.156
DM 489 4/20 (20.0%) 73/469 (15.6%) 0.537
Bronchiectasis 489 1120 (5.0%) 84/469 (17.9%) 0.133
Pulmonary fibrosis 489 0/20 (0.0%) 22/469 (4.7%) 0.391
Cor pulmonale 489 5/20 (25.0%) 43/469 (9.2%) 0.037
Laboratory examinations at discharge, mean * SD or median(IQR)
NLR 489 28.04+10.24 5.63+2.76 0.001
EOS (%) 489 0.38+0.05 2.20+1.21 0.000
CRP (mg/L) 469 48.67 (31.64) 14.83 (19.81) 0.025
IL-6 (ng/L) 446 30.61 (25.13) 11.84 (17.75) 0.112
PCT (ng/mL) 461 0.25 (1.30) 0.15 (1.53) 0.196
BNP (ng/L) 452 4779.85£539.94 1591.83+£368.95 0.001
Bilirubin (umol/L) 489 10.87+4.31 11.7327.21 0.293
Cystatin C (mg/L) 489 1.23+0.46 1.19+0.59 0.932
Ol (mmHg) 48l 123.18+49.18 131.11£32.35 0.736
PaCO, (mmHg) 481 66.35£31.15 77.61+38.09 0.638
D-dimer (mg/L FEU) 462 4.16+2.51 1.98+1.18 0.002
Fibrinogen (g/L) 462 3.111.70 3.92+1.59 0.513

(Continued)
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Table | (Continued).

n Death Group n=20 Survival Group n=469 p value

Relevant data of inpatient treatment, number (%) or mean + SD

Duration of hospitalization (days) 489 15.45+7.80 14.74+6.39 0.711
Nasal catheter oxygenation 489 2/20 (10.0%) 306/469 (65.2%) 0.000
Mask oxygenation 489 2/20 (10.0%) 24/469 (5.1%) 0.288
Ventilator machine use 489 16/20 (80.0%) 139/469 (29.6%) 0.000
Mechanical support time (days) 489 8.84+3.01 4.49+3.99 0.020
ICS use 489 13/20 (65.0%) 362/469 (77.2%) 0.277
Systemic glucocorticoids use 489 13/20 (65.0%) 197/469 (42.0%) 0.042
Complications, number (%)

Respiratory failure 489 15/20 (75.0%) 251/469 (53.5%) 0.147
Heart failure 489 8/20 (40.0%) 135/469 (28.8%) 0.081
Pneumonia 489 17/20 (85.0%) 271/469 (57.8%) 0.015
Fungal infection 489 5/20 (25.0%) 56/469 (11.9%) 0.090
MDROs infection 489 3/20 (15.0%) 49/469 (10.4%) 0.460

Abbreviations: BMI, body mass index; CHD, coronary heart disease; DM:diabetes mellitus; NLR, neutrophil to lymphocyte ratio; EOS, blood
eosinophil counts; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; BNP, brain natriuretic peptide; Ol, oxygenation index; FEU,
fibrinogen equivalent units; ICS, inhaled glucocorticoids; MDROs, multidrug-resistant organisms; SD, standard deviation; IQR, interquartile range.

+3.99d, p=0.020). On the other hand, a greater likelihood of concurrent pneumonia was observed (85.0% vs 57.8%, p=0.015),
with an elevated proportion of co-infections with fungi compared to the survival group, although there were no statistically

significant difference (p<0.10). No statistical difference was observed in terms of duration of hospitalization, respiratory

failure, heart failure and multi-drug resistant bacterial infections (p>0.05) (Table 1).

Binary logistic regression was performed with these associated factors using a stepwise method. Among these,
multivariate analysis demonstrated that age>72 years (OR: 14.817, 95% CI: 1.561-140.647), NLR>14.17 (OR: 9.611,
95% CI: 2.303-40.113), EOS<0.15% (OR: 8.621, 95% CI: 3.465-34.913) and BNP>2840ng/L. (OR: 5.291, 95% CI:
1.367-20.474) were independent risk factors for 90-day mortality in AECOPD patients (Table 2). In addition to age,

Table 2 Multivariate Regression Analysis of Risk Factors for Mortality Within 90 Days in

Patients with AECOPD

Variable OR 95% ClI p value
Age (years) (>72/<72) 14.817 1.561-140.647 0.019
Bronchiectasis () 0.140 0.017-1.159 0.068
Cor pulmonale () 0.172 0.032-1.025 0.194
NLR (>14.17/<14.17) 9.611 2.303-40.113 0.002
EOS (%) (<0.15/20.15) 8.621 3.465-34.913 0.003
CRP (mg/L) (>7.96/<7.96) 3.173 0.135-5.898 0.198
BNP (ng/L) (>2840/<2840) 5.291 1.367-20.474 0.016
D-dimer (mg/L FEU) (>1.09/<1.09) 2.306 0.384-13.830 0.361
Ventilator machine use (%) 3.592 0.578-22.313 0.170
Mechanical support time(days) (>10.5/<10.5) 1.879 0.411-8.447 0411
Systemic glucocorticoids use (%) 0.625 0.141-2.762 0.535
Heart failure (%) 1.936 0.096-6.351 0.758
Pneumonia () 0.270 0.041-1.784 0.174
Fungal infection () 2.077 0.420-10.277 0.370

Abbreviations: NLR, neutrophil to lymphocyte ratio; EOS, blood eosinophil counts; CRP, C-reactive protein; BNP, brain
natriuretic peptide; FEU, fibrinogen equivalent units; OR, odds ratio; Cl, confidence interval.
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NLR was the strongest predictive biomarker of short-term COPD-related mortality. Compared to patients with
NLR<14.17, patients with NLR>14.17 at discharge had a 9.611-fold increased risk of death within 3 months. Blood
eosinophil count was inversely associated with short-term adverse outcomes prognosis. The predictive accuracy of the
final model included these four variables was shown with a sensitivity of 89.0% and a specificity of 85.4%. The AUC of
this model was 0.929 (95% CI: 0.862—-0.995), which was significantly better than the prediction accuracy of a single NLR
indicator (Figure 1).

Predictive Value of NLR for 90-Day Mortality, Re-Exacerbation and Readmission

NLR was the optimal biomarker for predicting 90-day mortality with an AUC of 0.802 (95% CI1:0.631-0.973), followed
by BNP (AUC=0.766,95% CI: 0.616-0.916) and EOS (AUC=0.741, 95% CI:0.610-0.873). Using 14.17 as the critical
value of NLR, the sensitivity was 76.7%, and the specificity was 88.9% (Figure 1). The accuracy of EOS for predicting
the risk of mortality appeared to be slightly better than CRP. CRP for predicting 90-day mortality was poor (AUC=0.652,
95% CI:0.503-0.801).

The same way for analysis was also used to explore the predictive value of NLR, EOS and CRP for recurrent
exacerbation and readmission within 90 days. The results showed that compared with mortality, NLR had no significant
advantage in predicting risk of short-term recurrent exacerbation (AUC=0.580, 95% CI:0.529-0.632, p=0.001) and
readmission (AUC=0.555, 95% CI:0.497-0.614, p=0.045) in patients with AECOPD, with AUCs less than 0.6. In
contrast, the predictive value of EOS (AUC=0.561, 95% CI:0.502-0.621, p=0.038) was slightly better than NLR in terms
of readmission within 90 days (Figure 2). Nevertheless, CRP did not serve as a well predictive biomarker for the risk of
readmission and re-deterioration (p>0.05).
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Figure | The ROC curves of the different biomarkers and the logistic model for predicting the risk of mortality within 90 days in patients with AECOPD. The logistic model
including 4 variables of age272 years, NLR>14.17, EOS<0.15% and BNP>2840ng/L had the highest AUC, followed by NLR.
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Figure 2 The ROC curves of the different biomarkers for predicting the risk of (A) re-exacerbation and (B) readmission within 90 days in patients with AECOPD.

Correlation of NLR with Severity of Disease and Short-Term Poor Prognosis

To further investigate the relationship between NLR and severity of disease, as well as its mechanism for predicting
short-term adverse prognosis, all enrolled patients were classified into the high NLR group (NLR>14.17) and low NLR
group (NLR<14.17) according to their NLR levels upon admission to control for potential confounding factors such as
comorbid infections and medication use during hospitalization. In the high NLR group, elderly (75.00+8.11 vs 71.32
+9.95, p=0.017) and comorbid patients with coronary heart disease and cor pulmonale were more common (p<0.05).
They exhibited higher levels of inflammation markers CRP and IL-6, bacterial infection-related indicators PCT, D-dimer
and fibrinogen at admission than those in the low NLR group, while EOS was significantly lower in the high NLR group
(p<0.05).

Additionally, patients in the high NLR group required longer hospital stay (16.4+6.9d vs 14.5+7.7d, p=0.001), more
need for mechanical ventilation assistance (58.6% vs 27.0%, p=0.000) and longer time with the machine (7.6+5.2d vs 3.9
+3.4d, p=0.048), as well as a greater proportion of systemic glucocorticoids use (53.5% vs 40.8%, p=0.022). Patients
with high NLR level were significantly more prone to develop multiple serious complications during hospitalization,
including respiratory failure, heart failure, pneumonia, fungal and multi-drug resistant organisms infections (p<0.05)
(Table 3).

More importantly, the risk of death during hospitalization was significantly higher in the high NLR group compared
to the low NLR group (10.1% vs 1.0%, p=0.000). Similarly, the risk of re-exacerbation (47.5% vs 34.9%, p=0.020) and
mortality (14.1% vs 1.5%, p=0.000) within 90 days after discharge was obviously higher in the high NLR group, with no
statistical difference in the risk of readmission (28.3% vs 20.8%, p>0.05) (Table 3).

Comparison of Changes in NLR Before and After Hospitalization Between Death and
Survival Group

Comparing the NLR values of the death and survival groups tested at the same time of admission and discharge,
respectively, it was found that NLR of the survival group decreased significantly at discharge, while NLR of the death
group remained extremely high even at discharge, surpassing the admission level. The NLR of the death group remained
significantly elevated compared to that of the survival group, both at admission (pre-treatment) (26.89+10.24 vs 9.83
+5.76, p=0.001) and at discharge (post-treatment) (28.04+17.05 vs 5.63+£3.23, p=0.000) (Figure 3).

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 hetps: 1225
Dove


https://www.dovepress.com
https://www.dovepress.com

Feng et al Dove
Table 3 Comparison of Clinical Characteristics Between High NLR Group and Low NLR Group at Admission
n High NLR Group n=99 | Low NLR Group n=404 | p value
Patient characteristics, number (%) or mean * SD
Male 503 76199 (76.8%) 295/404 (73.0%) 0.447
Age (years) 503 75.00+8.1 | 71.32+9.95 0.017
BMI (kg/m?) 503 19.91£5.62 21.16x4.76 0.751
Ex-or current smokers 503 66/99 (66.7%) 262/404 (64.9%) 0.734
Pack-years 503 22.5+10.0 24.0+13.5 0.164
Frequent exacerbation history 503 25/99 (25.3%) 123/404 (30.4%) 0.310
Underlying diseases, number (%)
CHD 503 26/99 (26.3%) 63/404 (15.6%) 0.013
Hypertension 503 29/99 (29.3%) 87/404 (21.5%) 0.684
DM 503 23/99 (23.2%) 60/404 (14.9%) 0.069
Bronchiectasis 503 18/99 (18.2%) 68/404 (16.8%) 0.749
Pulmonary fibrosis 503 5/99 (5.1%) 18/404 (4.5%) 0.799
Cor pulmonale 503 17199 (17.2%) 35/404 (8.7%) 0.013
Inflammatory indicators at admission, mean * SD or median(IQR)
EOS (%) 503 0.37+1.24 2.50%1.20 0.000
CRP (mg/L) 485 62.95 (37.60) 38.93 (23.57) 0.003
IL-6 (pg/mL) 457 59.78 (24.44) 25.04 (20.72) 0.000
PCT (ng/mL) 469 0.97 (0.82) 0.19 (0.23) 0.000
BNP (ng/L) 503 3126.9+1451.5 1353.9£1146.6 0.000
Ol (mmHg) 492 136.8£118.2 129.8+£88.9 0.062
PaCO, (mmHg) 492 54.02+14.27 42.85+13.41 0.293
D-dimer (mg/L FEU) 503 2.83%1.12 1.88+0.13 0.002
Fibrinogen (g/L) 503 4.25+1.83 3.79£1.53 0.003
Severity of disease during hospitalization, number (%) or mean * SD
Duration of hospitalization (days) | 503 16.4+6.9 14.5+7.7 0.001
Nasal catheter oxygenation 503 36/99 (36.4%) 274/404 (67.8%) 0.000
Mask oxygenation 503 5/99 (5.1%) 21/404 (5.2%) 0.953
Ventilator machine use 503 58/99 (58.6%) 109/404 (27.0%) 0.000
Mechanical support time (days) 503 7.6+5.2 3.9+34 0.048
ICS use 503 76199 (76.8%) 311/404 (77.0%) 0.964
Systemic glucocorticoids use 503 53/99 (53.5%) 165/404 (40.8%) 0.022
Complications, number (%)
Respiratory failure 503 64/99 (64.6%) 212/404 (52.5%) 0.029
Heart failure 503 58/99 (58.6%) 99/404 (24.5%) 0.007
Pneumonia 503 72199 (72.7%) 228/404 (56.4%) 0.003
Fungal infection 503 27199 (27.3%) 40/404 (9.9%) 0.000
MDROs infection 503 18/99 (18.2%) 39/404 (9.7%) 0.016
Death during hospitalization 503 10/99 (10.1%) 4/404 (1.0%) 0.000
Adverse outcomes within 90-day after discharged, number (%)
Re-exacerbation 503 47199 (47.5%) 141/404 (34.9%) 0.020
Readmission 503 28/99 (28.3%) 84/404 (20.8%) 0.108
Death 503 14/99 (14.1%) 6/404 (1.5%) 0.000
Abbreviations: NLR, neutrophil to lymphocyte ratio; BMI, body mass index; CHD, coronary heart disease; DM, diabetes mellitus; EOS, blood
eosinophil counts; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; BNP, brain natriuretic peptide; Ol, oxygenation index; FEU,
fibrinogen equivalent units; ICS, inhaled glucocorticoids; MDROs, multidrug-resistant organisms; SD, standard deviation; IQR, interquartile range.
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Figure 3 Comparison of changes in NLR at admission and discharge between the death and survival groups within 90 days after discharge. *: The levels of NLR at admission
and NLR at discharge or death were statistically different between the two groups (p<0.05).

Discussion

This study aimed to explore the potential correlation between the levels of biomarkers at discharge in hospitalized
patients with AECOPD and their prognosis within 90 days. Through multivariate analysis, we identified several
independent risk factors for 90-day mortality in AECOPD patients, including age>72 years, NLR>14.17, EOS<0.15%,
and BNP> 2840ng/L at discharge. NLR was found to be the most reliable predictive biomarker for short-term mortality.
Furthermore, in comparison to CRP, NLR was found to be more useful in predicting poor outcomes within 90 days after
discharge in patients with AECOPD. However, NLR had no discernible benefit in predicting risk of short-term
re-exacerbation and readmission compared to mortality.

Chronic inflammation with increased numbers of specific inflammatory cell types is an important pathogenesis of
COPD. In general, an increased number of activated neutrophils are found in patients with COPD, which is related to the
severity of the disease.” Meanwhile, more and more studies have shown that critically ill patients always have low
lymphocyte counts which is associated with poor outcomes, regardless of weather patients suffer from acute medical
conditions or with chronic inflammatory diseases.'*?® However, little is known about the mechanism of lymphopenia in
patients with chronic inflammatory diseases such as COPD. Some researchers hypothesized that apoptosis and redis-
tribution of lymphocytes may occur in the development of AECOPD,*® and patients with COPD are mostly older and
have poor nutrition,?> which may also be associated with low lymphocyte levels.”® NLR is the blood neutrophil to
lymphocyte ratio. Recent researches have shown that NLR can be used as an inflammatory marker to evaluate the
severity of AECOPD and to predict the prognosis.'>'®?72% Allan Klitgaard Serensen et al prospectively followed 386
patients with moderate to very severe COPD for 10 years and they found that NLR and low lymphocyte count were
independent predictors of increased 5-year all-cause mortality in patients with moderate to very severe COPD.?°

In the current study, NLR at discharge was significantly linked to short-term adverse outcomes, with mortality risk
rising in accordance with NLR levels. Compared to those with NLR<14.17, patients with NLR>14.17 at discharge
exhibited a 9.611-fold heightened risk of death within 3 months. In addition, this study focused on the correlation
between changes at admission and at discharge and the risk of mortality. Results demonstrated that the death group
exhibited higher NLR levels at discharge than at admission. This finding may indicate that patients with higher NLR may
experience worse outcomes during hospitalization, potentially correlated with the severity of the condition and poor
response to anti-inflammatory treatment. The GOLD guideline recommends EOS as a critical biomarker for evaluating
the benefits of ICS treatment in COPD patients.' Conversely, AECOPD patients with lower level of EOS exhibit a poorer
response to glucocorticoids, even increasing vulnerability to side effects of hormones, like secondary fungal
infections.”” ! Our study identified that the high NLR group showed lower EOS levels upon admission, and patients
who passed away after discharge continued to exhibit higher NLR and lower EOS levels than the survival group. These
findings supported a rationale for ineffective glucocorticoid therapy and worse prognosis within those patients.
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C-reactive protein (CRP) represents low-grade systemic inflammation and has been widely used in expressing disease
severity in COPD.'? In recent years, some researchers have found that inflammatory biomarkers such as CRP have been
associated with poor prognosis and can predict mortality and hospitalization in COPD.* 3 In a prospective and multicenter
study by Bartolome R Celli et al, the authors concluded that CRP is associated with increased risk of death in patients with
COPD.'” Moy et al suggested that combining CRP with step count is a good predictor of acute exacerbations
(C-statistic=0.59) and hospital admission (C-statistic=0.69) in their observational cohort study of 167 persons with
COPD.* However, the value of CRP in predicting COPD prognosis has been inconsistent and clinical use has been hampered.
Recent data suggest that CRP is elevated during an acute exacerbation of COPD but CRP alone is neither sensitive nor specific
in predicting clinical severity or outcome. In a retrospective research, using clinical data from 218 stable patients with COPD,
Juan P. de Torres et al have found that in patients with moderate to very severe COPD, CRP levels are not associated with
survival status.'" In another study, Mia Moberg and his college found that CRP mostly expressed disease severity but did not
add further information about prognosis in patients with severe COPD.'? In the meanwhile, more and more scientific evidence
points to that the presence of eosinophils in patients with COPD predicts a more favourable therapeutic response to
corticosteroids and is associated with prognosis, mortality, and structural change in COPD.** Yeon-Mok Oh’s study, including
629 patients reported that in COPD, the severity of emphysema was independently linked with low blood eosinophil count and
the longer survival period was associated with increased blood eosinophil count.'® In a study by Dildar Duman et al, where
COPD patients were grouped into eosinophilic and non-eosinophilic patients, non-ecosinophilic patients who experience
COPD exacerbations have poorer outcomes than eosinophilic patients.>* Interestingly, in the Copenhagen study enrolled 7225
patients with stable COPD, it was found that patients with moderate-to-severe COPD who were not taking ICS and EOS>2%
experienced higher exacerbation frequency than patients with lower level of EOS.*

In this research the predictive values of NLR, CRP and EOS for AECOPD were examined. In terms of 90-day mortality,
readmission, and re-exacerbation, it was discovered that NLR exhibited a stronger predictive value than CRP. The predictive
accuracy of EOS for mortality was somewhat better than CRP. CRP has no significant value in predicting the risk of
readmission and reworsening. The results regarding NLR and CRP were in line with Luo’s study. They discovered that NLR
demonstrated a considerable advantage over CRP in predicting 28-day mortality in patients with AECOPD, with an AUC of
0.801 compared to 0.740 for CRP.'® Although EOS demonstrated marginally higher predictive accuracy for readmission, it is
not recommended to rely solely on a single metric to predict both readmission and re-exacerbation.

Through univariate and multivariate regression analysis, it was of great value to use age, NLR, EOS and BNP at discharge
to predict the risk of death within 3 months after discharge. The model exhibited high sensitivity and specificity, surpassing the
predictive accuracy of individual NLR indicators. These findings suggested an increased risk of mortality associated with old
age, elevated levels of inflammation at discharge and concomitant heart failure. Therefore, it was recommended
a comprehensive assessment of patient condition and prognosis using multiple indicators, aiding clinicians in stratifying
patients with AECOPD, with a particular emphasis on those with high levels of NLR both at admission and discharge. More
importantly, early and aggressive intervention, as well as prompt follow-up, were emphasized to improve patient outcomes.

Furthermore, the present study showed that no superiority of NLR was observed for the predictive value of short-
term acute exacerbation and readmission risk. Acute exacerbation of COPD is defined as worsening of the patient’s
baseline dyspnoea, cough and/or sputum[4]. Until now, the specificity of the definition is poor, because many other
respiratory or non-respiratory diseases will have similar manifestations and the diagnosis often depends on under-
standing the medical history and all current symptoms (including fatigue, fatigue, depression, etc.), as well as
evaluating oxygen saturation, complete blood count and other necessary inspections. The sensitivity is also poor.
This is because patients have very different perceptions of symptoms. There may be errors in the way we used
telephone and outpatient follow-up. Recently, Using the modified Delphi method, Celli and other experts developed
a new definition and classification system for acute exacerbations (the Rome proposal), published in Blue Journal.>®
Compared with the definition commonly used today, the most significant feature of the Rome proposal is standardiza-
tion and quantification, but its clinical practical value needs to be confirmed by research.”® Further prospective studies
need to be designed to investigate the predictive value of NLR for post-discharge acute exacerbation and readmission
in patients with AECOPD through more rigorous follow-up.
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This study also has a few limitations. This study was a retrospective and confined to a single center. One of the
weakness of this study was that most patients in our study lacked pulmonary function test due to severe illness, so there
was no classification of airflow limitation severity in all COPD cases. More prospective studies are needed in the future
to explore the value of NLR in the clinical application of AECOPD.

Conclusion

NLR is of great value in predicting the risk of poor outcomes, especially COPD associated mortality, in hospitalized
patients with AECOPD within 90 days. It was suggested combining the age, NLR, EOS and BNP at discharge to improve
the accuracy of prediction for 90-day mortality.
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