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Purpose: To determine the effectiveness of neutrophil/lymphocyte ratio (NLR), compared to 
traditional inflammatory markers, for predicting noninvasive mechanical ventilation (NIMV) 
failure in acute exacerbation of chronic obstructive pulmonary disease (AECOPD) patients.
Patients and Methods: We conducted this retrospective observational study including 212 
AECOPD patients who required NIMV during hospitalization from January 2015 to 
December 2020 in the department of respiratory and critical care medicine of Beijing Chao- 
Yang Hospital (west campus). We reviewed the medical record to determine if NIMV succeeded 
or failed for each patient, and compared NLR with traditional markers (leukocyte, C-reactive 
protein [CRP] and procalcitonin [PCT]) between NIMV failure and NIMV success group. 
Receiver-operating characteristic (ROC) curve and multivariate logistic regression analysis 
were used to assess the accuracy of these markers for predicting NIMV failure.
Results: A total of 38 (17.9%) patients experienced NIMV failure. NLR was a more 
sensitive biomarker to predict NIMV failure (AUC, 0.858; 95% CI 0.785–0.931) than 
leukocyte counts (AUC, 0.723; 95% CI 0.623–0.823), CRP (AUC, 0.670; 95% CI 0.567– 
0.773) and PCT (AUC, 0.719; 95% CI 0.615–0.823). There was statistically positive 
correlation between NLR and leukocytes count (r=0.35, p<0.001), between NLR and CRP 
(r=0.258, p<0.001), between NLR and PCT (r=0.306, p<0.001). The cutoff value of NLR to 
predict NIMV failure was 8.9 with sensitivity 0.688, specificity 0.886 and diagnostic 
accuracy 0.868. NLR>8.9 (odds ratio, 10.783; 95% CI, 2.069–56.194; P=0.05) was an 
independent predictor of NIMV failure in the multivariate logistic regression model.
Conclusion: NLR may be an effective marker for predicting NIMV failure in AECOPD 
patients, and the patients with NLR>8.9 should be handled with caution since they are at 
higher risk of NIMV failure and require intubation. Further study with a larger sample size 
and with more data is necessary to confirm our study.
Keywords: COPD, noninvasive mechanical ventilation, neutrophil/lymphocyte ratio, 
predictor, failure, NIMV, NLR, chronic obstructive pulmonary disease

Introduction
Noninvasive mechanical ventilation (NIMV) now has become the part of standard 
intervention for patients with acute exacerbation of chronic obstructive pulmonary 
disease (AECOPD).1,2 Compared with invasive mechanical ventilation (IMV), 
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patients in NIMV success group exhibit several advan
tages including shorter duration of intensive care unit 
(ICU) and hospital stay, fewer complications.3,4 

However, the NIMV failure rate is approximately 20% in 
AECOPD patients.5,6 Intubation following failed NIMV is 
associated with increased odds of a composite complica
tion (desaturation, hypotension, or aspiration) and 
increased odds of mortality compared to patients intubated 
without a trial of NIMV.7 Delayed intubation for AECOPD 
patients can lead to a higher mortality rate (29.3%) com
pared with patients directly placed on IMV.8 On the con
trary, early intubation was associated with decreased 
hospital mortality for AECOPD patients who were at the 
high-risk of NIMV failure.9 Hence, it is advisable to 
enhance the accuracy of early identification of AECOPD 
patients who may not benefit from NIMV.

The ratio of neutrophils to lymphocytes (NLR) in the 
peripheral blood is being increasingly studied as 
a systemic inflammatory marker considering it is easy to 
get and cost-effective. Several studies have demonstrated 
that an elevated NLR indicated a worse outcome in many 
clinical situations.10–13 Among patients with stable chronic 
obstructive pulmonary disease (COPD), clinical symptoms 
and quality of life significantly deteriorated with increas
ing NLR level, in addition, NLR values were inversely 
associated with the severity of airflow limitation deter
mined by forced expiratory volume in 1 second (FEV1) 
predicted and absolute values.14 As for predicting 
AECOPD, NLR was a more sensitive indicator comparing 
with other traditional inflammatory markers.15,16

COPD is characterized with local chronic inflammation 
of the airways and lung parenchyma and systemic 
inflammation.17 Moreover, more than half of AECOPD 
are triggered by bacterial and/or viral infections, which 
can aggravate the chronic inflammatory responses.18,19 It 
was implied that among AECOPD patients, the NIMV 
failure group presented higher level of serum inflamma
tory markers (PCT and CRP) compared with patients of 
NIMV success.20,21 Thus, it is reasonable to speculate that 
the patients with higher level of inflammatory response are 
the candidates for NIMV failure.

We assumed that NLR would be higher in NIMV fail
ure AECOPD patients than success ones. In addition, we 
elucidated the effectiveness of NLR for predicting NIMV 
failure in AECOPD patients, compared with the traditional 
inflammatory markers including leukocyte counts, CRP 
and PCT.

Methods
Study Design
We retrospectively collected 212 AECOPD patients 
admitted to Beijing Chao-Yang Hospital west campus 
from January 2015 to December 2020. The patients were 
followed in the ward, and if the patients needed intubation 
and they would be transferred to the ICU as needed. 
Patient selection is shown in Figure 1. Since the current 
study did not impose any diagnostic and therapeutic influ
ence on patients, the Institutional Review Board for 
Beijing Chao-Yang Hospital approved the study with 
a waiver of informed consent (No. 2016-KE-95). We 
informed every patient by telephone regarding the study 
and obtained their consent, and we also keep patient clin
ical data confidential. The current study was conducted in 
accordance with the Declaration of Helsinki.

Inclusion Criteria
Age≥18 years old; primary discharge diagnosis is COPD 
determined by spirometry data of airflow obstruction with 
bronchodilator (forced expiratory volume in 1 second 
[FEV1]/forced vital capacity [FVC]<0.70); Admission 
into hospital due to AECOPD (define as: a sustained wor
sening of the patient’s condition, that is acute in onset and 
necessitates a change in regular medication); NIMV use 
during hospitalization (NIMV indication: arterial blood 
pH<7.35 and/or PaCO2 more than 45mmHg, and/or pre
sence of dyspnea at rest assessed using accessory respira
tory muscles or paradoxical abdominal breathing).

Exclusion Criteria
Intubated before admission; incomplete data; presence of 
other severe pulmonary disease; end-stage of chronic dis
ease (e.g., chronic kidney failure, chronic heart failure and 
malignancy) with<1 year of expected survival; less than 1 
month from previous acute exacerbation; NIMV use time 
less than 48 hours; intubated due to other system fatal 
condition except AECOPD-related ones.

NIMV Failure Was Defined as Follow
Worsening of pH and PaCO2 in arterial blood (defined as 
arterial pH<7.25 with PaCO2 increased by>20% compared 
with the baseline or PaO2<60 mmHg despite maximum tol
erated supplemental oxygen); clinical signs suggestive of 
severely decreased consciousness (eg, coma, delirium); exces
sive amount of respiratory secretions with weak cough; use of 
accessory respiratory muscles or thoracic-abdominal paradox
ical movement; severe upper gastrointestinal bleeding with 
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aspiration or vomiting; severe hemodynamic instability 
despite fluid repletion and use of vasoactive agents.22

The primary outcome of the current study was NIMV 
failure and the secondary outcome was length of stay in 
hospital (LOS).

Data Collection and Definition
Patients’ baseline characteristics were recorded, including 
gender, age, LOS in hospital, acute physiology and chronic 
health evaluation II (APACHE II) score, body mass index 
(BMI), smoking history, history of long-term oxygen ther
apy (LTOT), history of domestic noninvasive ventilation, 

and comorbidities (comorbidities including cor pulmonale, 
chronic heart disorders, pneumonia, diffuse parenchymal 
lung disease, severe bronchiectasis, severe old pulmonary 
tuberculosis, cerebrovascular disease, hypertension, dia
betes mellitus, malignancy, chronic kidney disease and 
reflux esophagitis).

Vital signs (including heart rate, temperature, respira
tory rate, systolic pressure, diastolic pressure) were 
recorded and arterial blood gas and peripheral venous 
blood were obtained at the time of admission. Use of 
antibiotic, inhaled bronchodilators and inhaled glucocorti
coid were also recorded.

Figure 1 Noninvasive mechanical ventilation outcome flow chart. 
Abbreviation: NIMV, noninvasive mechanical ventilation.
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NLR was determined by dividing the total number of 
neutrophils by the total number of lymphocytes. 
Concentration of serum CRP were measured using 
immuno-scatter turbidimetry by Goldsite Aristo 
(Goldsite, Ltd., China), and the normal value of CRP 
ranges from 0 to 5mg/L. Concentration of serum PCT 
were measured using fluorescent enzyme immunoassays 
by BioMerieux VIDAS (BioMerieux Inc., France), and the 
normal value of PCT ranges from 0 to 0.5ng/mL.

Bi-level mode was applied for all patients. The inspira
tory positive airway pressure (IPAP), expiratory positive 
airway pressure (EPAP) and backup frequency were set 
according to clinical practice and patients’ tolerance, and 
these parameters were also adjusted according to arterial 
blood gas. An oronasal mask (F1B Full Face Mask, BMC 
Medical) was used for all subjects. Supplemental oxygen 
was supplied for all subjects through a port in the mask, 
with the flow adjusted to maintain oxygen saturation 
above 90%.

Statistical Analyses
To compare qualitative or categorical variables (expressed as 
absolute values with percentages), the Chi-square test was 
used. For continuous variables, the Kolmogorov–Smirnov 
test was employed to assess the normality of the data, and 
Student’s t-test was utilized for normally distributed data 
(expressed as means ± standard deviations), and the 
Mann–Whitney U-test was used for non-normally distribu
ted data (expressed as medians [25th–75th percentiles]). 
Spearman correlations were used for correlation analysis, 
and the results were displayed as correlation coefficients 
and P values. Receiver-operating characteristic (ROC) 
curves was used to evaluate the ability of inflammatory 
markers for predicting NIMV failure. For each ROC curve, 
the optimal cutoff values, sensitivity, specificity, positive/ 
negative predictive value, diagnostic accuracy, likelihood 
ratio of positive/negative test, Youden’s index, area under 
curve (AUC), and 95% CI were calculated. Finally, to deter
mine whether any of these markers were independently 
associated with NIMV failure, we conducted logistic regres
sion analyses applying a conditional forward stepwise 
regression model, which resulted in adjusted odds ratios 
(OR, 95% CIs). All analyses were two-tailed, and differ
ences were considered to be statistically significant at 
P<0.05. The SPSS software package (version 21.0) was 
utilized for all statistical analysis.

Results
Patients’ Characteristics and NIMV 
Outcome
Figure 1 showed the patients’ selection flow chart, a total 
of 1756 AECOPD patients were admitted to hospital from 
January 2015 to December 2020, and 495 patients were 
treated with NIMV, of them 283 patients were excluded, 
and the remaining 212 patients were included in the cur
rent study. Thirty-eight (17.9%) patients experienced 
NIMV failure. Among NIMV failure patients, 17 patients 
were intubated, and 21 patients were not intubated because 
of the patients’ will. All patients survived in the NIMV 
success group. One patient died in the NIMV failure 
intubated group and 16 patients died in the NIMV failure 
not-intubated group.

Table 1 shows the baseline characteristics of the study 
population. Compared to NIMV success patients, the NIMV 
failure group had longer LOS, higher APACHE II score, 
lower BMI, higher rates of domestic noninvasive ventilation 
use and lower rates of history of LTOT. As for complica
tions, compared to NIMV success group, NIMV failure 
patients possessed lower rate of chronic heart disorders.

Vital Signs, Arterial Blood Gas, Ventilation 
Parameters and Treatment at the Time of 
Admission
Based on Table 2, the patients in the NIMV failure group 
had faster heart rate (P<0.001) and worse arterial blood gas 
index, specifically, lower pH (P<0.001), higher PaCO2 

(P<0.001) and higher HCO3
− value (P=0.001). Compared 

to NIMV success patients, NIMV failure patients IPAP 
(P<0.001) and EPAP (P=0.012) were statistically higher. 
There was no statistical difference between NIMV failure 
and success group in terms of treatment (including antibio
tics, inhaled bronchodilator and inhaled glucocorticoid).

NLR, Leukocyte, CRP and PCT at the 
Time of Admission
As shown in Table 2 and Figure 2, NLR (P<0.001), leu
kocyte counts (P<0.001), CRP (P=0.001) and PCT 
(P<0.001) were statistically higher in the NIMV failure 
group than the NIMV success group. Specifically, NIMV 
failure patients had higher leukocyte and neutrophils 
counts than NIMV success patients did. The NIMV failure 
group had lower lymphocyte counts. Figure 3 had shown 
that there were positive correlations between NLR and 
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Table 1 Baseline Characteristics of Patients

Characteristics NIMV Failure (n=38) NIMV Success (n=174) P-value

Male (n, %) 30 (78.9) 123 (70.7) 0.303
Age, year (median, 25th–75th percentiles) 77 (68–82) 73 (63–79) 0.072

LOS, days (median, 25th–75th percentiles) 13 (11–23) 11 (9–14) 0.02

APACHE II score (median, 25th–75th percentiles) 14 (12–16) 11 (9–13) <0.001
BMI, kg/m2(mean±SD) 19.21±4.87 23.23±4.53 0.025

Ever-smokers (n, %) 32 (84.2) 131 (75.2) 0.237

History of long-term oxygen therapy (n, %) 21 (55.3) 57 (32.8) 0.015
Domestic noninvasive ventilation (n, %) 24 (63.2) 69 (39.7) 0.008

Cor pulmonale (n, %) 18 (47.4) 85 (48.9) 0.868
Chronic heart disorders (n, %) 13 (34.2) 110 (63.2) 0.001

Pneumonia (n, %) 4 (10.5) 15 (8.6) 0.709

DPLD (n, %) 1 (2.6) 8 (4.6) 0.586
Structural pulmonary disease (n, %) 2 (5.3) 27 (15.5) 0.096

Cerebrovascular disease (n, %) 1 (2.6) 5 (2.9) 0.935

Hypertension (n, %) 14 (36.8) 73 (42) 0.562
Diabetes Mellitus (n, %) 8 (21.1) 39 (22.4) 0.855

Malignancy (n, %) 5 (13.2) 9 (5.2) 0.073

Chronic kidney disease (n, %) 3 (7.9) 16 (9.2) 0.799
Reflux esophagitis (n, %) 6 (15.8) 17 (9.8) 0.28

Notes: Continuous variables were presented as median and interquartile range (IQR) or mean (± standard deviation, SD). Categorical variables were presented as numbers 
(n) and percentages (%). 
Abbreviations: NIMV, noninvasive mechanical ventilation; LOS, length of stay in hospital; APACHE, acute physiology and chronic health evaluation; BMI, body mass index; 
DPLD, diffuse parenchymal lung disease; structural pulmonary disease include bronchiectasis and old pulmonary tuberculosis.

Table 2 Patients Vital Signs, Laboratory Parameters, Ventilation Parameters and Treatment at Admission

Characteristics NIMV Failure (n=38) NIMV Success (n=174) P-value

HR (beats/min) 97 (86–105) 85.5 (80–94) <0.001
RR (breaths/min) 21 (20–25) 20 (20–23) 0.57

Systolic pressure (mmHg) 124 (112–136) 130 (120–138) 0.21

Diastolic pressure (mmHg) 73 (67–79) 77 (70–82) 0.075
Temperature (°C) 36.5 (36.4–37.1) 36.5 (36.2–36.7) 0.145

pH 7.304 (7.23–7.366) 7.385 (7.340–7.410) <0.001

PaCO2(mmHg) 83 (62–103) 61.2 (53.6–70.5) <0.001
HCO3

−(mmol/L) 37 (33–41) 32 (30–35) 0.001

PaO2/FiO2(mmHg) 213 (176–206) 246 (206–297) 0.12

Leukocyte count (×109/L) 8.8 (6.3–12.7) 6.8 (5.5–8.5) <0.001
Neutrophil count (×109/L) 7.6 (5.48–11.43) 4.82 (3.65–6.58) <0.001

Lymphocytes count (×109/L) 0.62 (0.43–1) 1.2 (0.9–1.54) <0.001

NLR 13.64 (7.16–17.21) 4.07 (2.89–5.86) <0.001
CRP (mg/L) 20 (8–97) 8 (5–24) 0.001

PCT (ng/mL) 0.12 (0.1–0.51) 0.05 (0.05–0.1) <0.001

IPAP (cmH2O) 18 (16–20) 15 (14–18) <0.001
EPAP (cmH2O) 6 (5–7) 5 (5–6) 0.012

Antibiotics (n, %) 33 (92.1) 143 (82.2) 0.098

Inhaled bronchodilator (n, %) 36 (94.7) 167 (96) 0.502
Inhaled glucocorticoid (n, %) 36 (94.7) 169 (97.1) 0.366

Notes: Differences of vital signs, arterial blood gas and laboratory finding between NIMV-failure and NIMV-success were compared by Mann–Whitney U-test. Differences of 
the use antibiotics, inhaled bronchodilator and inhaled glucocorticoid were compared by Chi-square test. 
Abbreviations: NIMV, noninvasive mechanical ventilation; HR, heart rate; RR, respiratory rate; PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension; 
HCO3

−, bicarbonate; FiO2, fraction of inspired oxygen; NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; IPAP, inspiratory positive airway 
pressure; EPAP, expiratory positive airway pressure.
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leukocyte counts (r=0.35, P<0.001), between NLR and 
CRP (r=0.258, P<0.001), between NLR and PCT 
(r=0.306, P<0.001) respectively, and all the differences 
of correlations reached statistical significance.

Predictive Power of NLR, Leukocyte 
Counts, CRP and PCT Levels for NIMV 
Failure
The ROC curves of the NLR, leukocyte counts, CRP and 
PCT were displayed in Figure 4. Table 3 showed that the 
AUC of NLR (0.858; 95% CI, 0.785–0.931) was higher 
than that of leukocyte counts (0.723; 95% CI, 0.623– 
0.823), CRP (0.670; 95% CI, 0.567–0.773) and PCT 
(0.719; 95% CI, 0.615–0.823). The diagnostic accuracy 
of NLR, leukocyte counts, CRP and PCT were 0.868, 
0.684, 0.660 and 0.742 respectively. The cutoff value for 
predicting NIMV failure was NLR>8.9, leukocyte>8.05, 
CRP>17 and PCT>0.11.

According to multivariate logistic regression analyses, 
both NLR >8.9 (OR, 10.783; 95% CI, 2.069–56.194; 

P=0.05) and leukocyte>8.05 (OR, 6.306; 95% CI, 1.062– 
37.427; P=0.043) were independent factors for predicting 
NIMV failure (Table 4). Multivariate logistic regression 
analyses was made with covariates including IPAP, EPAP, 
APACHE II score, BMI, history of LTOT, domestic non
invasive ventilation, heart rate, pH, PaCO2, HCO3

−.

Patients’ Outcome Grouped by the NLR 
Cutoff Value
Table 5 shows the baseline characteristics and NIMV out
comes of the patients grouped by the NLR cutoff value. 
Compared to patients with NLR ≤8.9, patients in the group 
of NLR>8.09 were older, had longer LOS, higher APACHE 
II score, less BMI and faster heart rates. Moreover, patients 
with higher NLR (>8.9) exhibited poorer arterial blood gas 
and inflammatory markers results, to be specific, lower pH, 
higher PaCO2 and HCO3

−, and higher level of CRP and 
PCT value. The NIMV failure rate was significantly higher 
in patients with NLR >8.9 than in those with NLR ≤8.9 [28/ 
46 (60.9%) vs. 10/166 (6.02%), P<0.001].

Figure 2 NLR (A), leukocyte counts (B), and CRP levels (C) at the time of admission in patients with NIMV success and failure. 
Abbreviations: NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein.

Figure 3 Correlations between NLR and leukocytes (A), NLR and CRP (B), NLR and PCT (C). 
Abbreviations: NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin.
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Patients’ Length of Days in Hospital (LOS)
Patients in the group of NLR>8.9 had longer LOS [12.5 
(10–20) vs. 11 (9–14), P=0.012] (Table 5). There were 
positive correlations between LOS and NLR>8.9 (r=0.173, 
P=0.012), LOS and CRP>17 (r=0.136, P=0.055), LOS and 
APACHE II (r=0.148, P=0.032) (Table 6).

Discussion
In this study, we found that NLR (OR, 10.783; 95% CI, 
2.069–56.194; P=0.05) was a more sensitive marker to 
predict NIMV failure than traditional inflammatory 

markers in AECOPD patients, and NLR >8.9 was an 
independent predictor of NIMV failure. Moreover, the 
odds ratio of NLR to predict NIMV failure is 10.783, 
indicating that risk of NIMV failure of patients with 
NLR>8.9 is much higher than patients with NLR≤8.9.

The primary reason for NIMV failure of AECOPD 
patients is insufficient alveolar ventilation (could not be 
rectified by NIMV), which is mainly due to airway 
obstruction and remodeling and loss of elastic recoil, and 
this decrease in alveolar ventilation could be aggravated 
by mucus hypersecretion because of bacterial infection. 
Several studies had showed that NLR was positively cor
related with airflow obstruction.15,23 According to 
Tanrıverdi and Geijn, AECOPD patients with bacterial 
infections had higher NLR values than those with non- 
bacterial infections.24,25 So patients with higher NLR tend 
to suffer from more serious airflow limitation and higher 
possibility of bacterial infection, and then it is reasonable 

Figure 4 Receiver-operating characteristic curves for NLR, leukocyte counts, CRP 
and PCT levels for predicting NIMV failure. 
Abbreviations: NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; PCT, 
procalcitonin.

Table 3 ROC Curve Data

Characteristic NLR Leukocyte CRP PCT

Cutoff value >8.9 >8.05 >17 >0.11

Sensitivity, % 0.688 0.688 0.688 0.531
Specificity, % 0.886 0.683 0.626 0.805

Positive predictive value, % 0.609 0.316 0.304 0.405

Negative predictive value, % 0.940 0.902 0.893 0.863
Diagnostic accuracy 0.868 0.684 0.660 0.742

Likelihood ratio of positive test 7.123 2.120 1.922 2.596

Likelihood ratio of negative test 0.294 0.496 0.530 0.605
Youden’s index 0.574 0.371 0.314 0.336

AUC 0.858 0.723 0.670 0.719

95% CI 0.785–0.931 0.623–0.823 0.567–0.773 0.615–0.823

Abbreviations: ROC, receiver-operating characteristic; AUC, area under the curve; CI, confidence interval; NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; 
PCT, procalcitonin.

Table 4 Logistic Regression Analysis of Risk Factors for NIMV 
Failure

OR OR 95% CI P-value

NLR>8.9 10.783 2.069 56.194 0.05

Leukocyte>8.05 6.306 1.062 37.427 0.043

PCT>0.11 1.604 0.336 7.647 0.553
CRP>17 2.841 0.613 13.156 0.182

Notes: Logistic regression analysis was performed with IPAP, EPAP, APACHE II 
score, BMI, history of long-term oxygen therapy, domestic noninvasive ventilation, 
HR, pH, PaCO2, HCO3

− as covariates. 
Abbreviations: NIMV, noninvasive mechanical ventilation; OR, odds ratio; CI, 
confidence interval; NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; 
PCT, procalcitonin; IPAP, inspiratory positive airway pressure; EPAP, expiratory 
positive airway pressure; APACHE, acute physiology and chronic health evaluation; 
BMI, body mass index; HR, heart rate; PaCO2, arterial carbon dioxide tension; 
HCO3

−, bicarbonate.
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to conclude that higher NLR AECOPD patients are prone 
to experience NIMV failure. Previous studies confirmed 
that NLR was a sensitive indicator of exacerbation, with 
cutoff value ranging from 3.3–7.3.15,26–28 The cutoff value 
of our study is 8.9, and this might because of the fact that 
patients included in this study were more serious since 
they all required NIMV and some of them even 
experienced NIMV failure and need intubation. To the 
best of our knowledge, our study is the first to report on 
the association between the NLR and NIMV failure in 
AECOPD patients.

Neutrophil inflammation is a prominent feature of 
COPD, both locally and systemically. Neutrophil numbers 
in bronchial biopsy specimens and induced sputum are 
associated with disease severity29 and the rate of decline 

in lung function,30 and neutrophils secrete serine proteases 
that contribute to alveolar destruction.31 Airway neutro
philia is linked to mucus hypersecretion because neutro
phil elastase is a potent stimulant of mucus secretion.32,33 

Blood neutrophils isolated from patients with COPD pro
duced more reactive oxygen species under basal condi
tions as well as after stimulation in vitro.34 Thus, an 
increased NLR potentially provide information regarding 
airflow limitation or exacerbations.

Leukocyte counts was also an independent predictor of 
NIMV failure in this study, however, by comparing diag
nostic accuracy and AUC between NLR and leukocyte 
counts, we concluded leukocyte counts was an inferior 
predictive marker of NIMV failure than NLR. 
Leukocytes are a big family, including several subtypes 

Table 5 Patient Data Grouped Based on NLR Cutoff Value

Characteristics NLR>8.9 (n=46) NLR≤8.9 (n=166) P-value

Male (n, %) 33 (0.717) 120 (0.723) 0.941
Age, year (median, 25th–75th percentiles) 76.5 (68–83) 72.5 (63–79) 0.025

LOS, days (median, 25th–75th percentiles) 12.5 (10–20) 11 (9–14) 0.012

APACHE II score (median, 25th–75th percentiles) 13 (11–15) 11 (9–13) <0.001
BMI, kg/m2 (mean±SD) 18.9±5.02 23.4±4.2 0.002

Ever-smoker (n, %) 36 (0.783) 127 (0.765) 0.803

Domestic noninvasive ventilation (n, %) 21 (45.7) 72 (43.4) 0.783
Cor pulmonale (n, %) 23 (50) 80 (48) 0.821

Chronic heart disorders (n, %) 20 (43) 103 (62) 0.024
Pneumonia (n, %) 6 (13) 13 (7.8) 0.273

Structural pulmonary disease (n, %) 2 (4.3) 27 (16.2) 0.037

Cerebrovascular disease (n, %) 2 (4.3) 4 (2.4) 0.483
Hypertension (n, %) 17 (37) 70 (42.2) 0.525

Diabetes Mellitus (n, %) 9 (19.5) 38 (22.9) 0.631

Malignancy (n, %) 3 (6.5) 11 (6.6) 0.98
Chronic kidney disease (n, %) 4 (8.7) 15 (9) 0.943

Reflux esophagitis (n, %) 7 (15.2) 16 (9.6) 0.282

HR (beats/min) 98 (87–109) 85 (79–83) <0.001
RR (breaths/min) 22 (20–25) 20 (20–23) 0.076

Systolic pressure (mmHg) 127 (112–142) 130 (120–138) 0.576

Temperature (°C) 36.6 (36.3–37.1) 36.5 (36.2–36.7) 0.055
pH 7.351 (7.253–7.410) 7.381 (7.340–7.409) 0.033

PaCO2(mmHg) 71.7 (53.9–86.3) 61.8 (54–73) 0.008

HCO3
− (mmol/L) 34 (30–39) 32 (30–35) 0.106

PaO2/FiO2(mmHg) 229.8 (184.8–289.6) 244.1 (204.8–292.9) 0.3

CRP (mg/L) 20 (6–104) 8 (5–24) 0.001

PCT (ng/mL) 0.1 (0.05–0.29) 0.05 (0.05–0.1) <0.001
NIMV failure (n, %) 28 (60.9) 10 (6.02) <0.001

Notes: Difference of NIMV-failure, gender, domestic noninvasive ventilation and complications were compared by Chi-square test, data expressed as n(%); Differences of 
age, LOS, APACHE II score, HR, RR, systolic pressure, temperature and blood gas, CRP and PCT were compared by Mann–Whitney U-test, data expressed as median, 25th– 
75th percentiles; Difference of BMI were compared by Student’s t-test, data expressed as mean±SD. 
Abbreviations: NLR, neutrophil/lymphocyte ratio; NIMV, noninvasive mechanical ventilation; LOS, length of stay in hospital; APACHE, acute physiology and chronic health 
evaluation; BMI, body mass index; DPLD, diffuse parenchymal lung disease; Structural pulmonary disease include bronchiectasis and old pulmonary tuberculosis; HR, heart 
rate; RR, respiratory rate; PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension; HCO3

−, bicarbonate; FiO2, fraction of inspired oxygen; CRP, C-reactive 
protein; PCT, procalcitonin.
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of cell, such as neutrophils, lymphocytes, eosinophils and 
so on, and fluctuation of leukocyte level is comprehensive 
result of all components, thus the counts of leukocyte is 
a less sensitive marker than the ratio of neutrophils and 
lymphocyte. Besides, neutrophils predominate the leuko
cyte family, and changes in leukocytes mainly represent 
neutrophils, while NLR can display changes both in neu
trophils and in lymphocytes.35 In line with previous stu
dies, NLR is a better marker than leukocyte in predicting 
perforated appendicitis in elderly patients of emergency 
department,36 and a better prognostic value in surgical 
renal cell carcinoma patients.37

This study demonstrated that NLR outmatch CRP and 
PCT in predicting NIMV failure. CRP is a sensitive acute- 
phase reactant and its serum levels increase with infection 
and chronic inflammatory diseases, and PCT levels increase 
in the presence of systemic, bacterial, fungal, and parasitic 
infections but remain normal or slightly increased in viral 
infections.38 Rammaert found that PCT (OR=1.024, 95% 
CI: 1.01–1.037, P=0.008) is independently associated with 
increased risk for ICU mortality for severe COPD patients 
who need intubation.39 Levels of CRP in combination with 
PCT is a reliable index for determining the existence of 
bacterial infection in AECOPD patients.40 A study by 
Marras showed that higher CRP levels could predict exacer
bation in COPD.41 High serum PCT levels (OR= 2.0, 95% 
CI: 1.2–3.2, P= 0.006) and CRP levels (OR = 1.2, 95% CI: 
1.1–1.3, P<0.001) could predicted NIMV failure for 
patients with AECOPD.20 Calderazzo found no differences 
of CRP and PCT between AECOPD subjects who had more 
severe clinical manifestation, lower FEV1 and those had 
less severe conditions.42 In the present study, both PCT 
and CRP were not independent predictors of NIMV failure. 
Possible explanation may be as follow. Firstly, the level of 
CRP and PCT can only reflect systemic inflammatory 
response induced by infection, but the impact of these two 
traditional markers in local airway and lung function remain 
elusive, it seems that elevation of them cannot be linked to 
significant airflow limitation or ventilation capacity 
decrease. Secondly, odds ratio of CRP and PCT to predict 

NIMV failure in the previous studies were quite low, indi
cating that these markers were not sensitive enough.

There was statistical difference in LOS between 
NLR>8.9 patients and NLR<8.9 patients. Also, there was 
positive correlations between LOS and NLR>8.9, but the 
correlation was weak (r=0.173). This was maybe because 
high level of inflammation reflected by high NLR can only 
partially influence LOS. LOS also depends on the rate at 
which the disease progresses, if the patient’s condition 
progresses quickly, LOS will be shorter, on the contrary, 
a slow progression will lead to a longer LOS.

Limitation
This study had certain limitations. Firstly, it is a single- 
center study and relatively small sample size, thus our 
results ought to be generalized with discreetness to other 
clinical settings. Secondly, we did not include the spiro
metry because the data is incomplete; especially lacking 
the data of severe patients whose condition is too weak to 
finish the lung function test. Thirdly, we cannot exclude 
the possibility that the need for intubation is due to poor 
obedience and/or mask intolerance instead of disease pro
gression, and this could confound out study. Finally, cer
tain data are absent such as the support level of ventilation 
since it is difficult to obtain all the data in the practical 
clinical settings.

Conclusion
This study indicates that NLR is a preferable marker for 
predicting NIMV failure than traditional inflammatory 
ones, and NLR>8.9 is an independent risk factor for 
NIMV failure. We suggested that patients with NLR>8.9 
who need NIMV support due to AECOPD should be 
evaluated with caution to avoid delayed intubation. 
Nevertheless, further studies with a larger sample size 
are necessary to decide whether NLR as an inflammatory 
marker for screening out NIMV failure would improve 
NIMV outcomes in AECOPD patients. Because of the 
weak correlation between NLR and LOS, we concluded 
that NLR could not accurately predict LOS.

Table 6 Correlations Between LOS and APACHE II, Inflammatory Markers

NLR>8.9 Leukocyte>8.05 CRP>17 PCT>0.11 APACHE II

LOS r 0.173 0.059 0.136 0.072 0.148
P 0.012 0.395 0.055 0.369 0.032

Note: Correlation analysis was performed by Spearman. 
Abbreviations: LOS, length of stay in hospital; APACHE, acute physiology and chronic health evaluation; NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; PCT, 
procalcitonin.
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Abbreviations
NIMV, noninvasive mechanical ventilation; LOS, length 
of stay in hospital; APACHE, acute physiology and 
chronic health evaluation; LTOT, long-term oxygen ther
apy; BMI, body mass index; DPLD, diffuse parenchymal 
lung disease; Structural pulmonary disease include bronch
iectasis and old pulmonary tuberculosis; HR, heart rate; 
RR, respiratory rate; PaCO2, arterial carbon dioxide ten
sion; PaO2, arterial oxygen tension; HCO3

−, bicarbonate; 
FiO2, fraction of inspired oxygen; NLR, neutrophil/lym
phocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; 
IPAP, inspiratory positive airway pressure; EPAP, expira
tory positive airway pressure. SPD, structural pulmonary 
disease (including bronchiectasis and old pulmonary 
tuberculosis)
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