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Purpose: Frequent exacerbators are a specific phenotype of chronic obstructive pulmonary 
disease (COPD), whose clinical characteristics and prognostic biomarkers during severe 
acute exacerbation (AECOPD) have not yet been fully elucidated. The aim of this study 
was to investigate the clinical features of severe AECOPD in frequent exacerbators and 
explore the predictive value of the neutrophil-to-lymphocyte ratio (NLR) for outcome in this 
phenotype during severe exacerbation.
Patients and Methods: A total of 604 patients with severe AECOPD were retrospectively 
included in the study. Subjects were defined as frequent exacerbators if they experienced two 
or more exacerbations in the past year. Clinical characteristics and worse outcome (ICU 
admission, or invasive ventilation, or in-hospital mortality) during severe AECOPD were 
compared between frequent exacerbators and non-frequent ones. Furthermore, the relation-
ship between NLR and worse outcome in frequent exacerbators was analyzed using logistic 
regression and receiver operating characteristic (ROC).
Results: Among 604 patients with severe AECOPD, 282 (46.69%) were frequent exacer-
bators and 322 (53.31%) were non-frequent exacerbators. Compared with the non-frequent 
ones, frequent exacerbators presented higher levels of NLR (5.93 [IQR, 3.40–9.28] vs 4.41 
[IQR, 2.74–6.80]; p<0.001), and more worse outcome incidence (58 [20.57%] vs 38 
[11.80%]; p=0.003). Moreover, among the frequent exacerbators, NLR levels in the patients 
with worse outcome were much higher than in those without worse outcome (11.09 [IQR, 
7.74–16.49] vs 5.28 [IQR, 2.93–7.93]; p<0.001). Increased NLR was significantly associated 
with a higher risk of worse outcome in frequent exacerbators (OR, 1.43; 95% CI, 1.28–1.64; 
p<0.001). Furthermore, ROC analysis revealed that a cut-off value of 10.23, NLR could 
predict worse outcome of severe AECOPD in frequent exacerbators (sensitivity 62.1%, 
specificity 92.0%, AUC 0.833).
Conclusion: Frequent exacerbators exhibited an increased level of NLR and a higher 
proportion of worse outcome during severe AECOPD. NLR is expected to be a promising 
predictive biomarker for the prognosis of severe AECOPD in frequent exacerbators.
Keywords: COPD, frequent exacerbator, NLR, severe exacerbation, worse outcome

Introduction
Chronic obstructive pulmonary disease (COPD) is a global epidemic respiratory 
disease that influences about 175 million people worldwide and is estimated to 
become the fourth commonest cause of death by 2040.1,2 In China, at least 13.7% 
of 40 years or older individuals suffer from this disease.3 On average, COPD patients 
generally experience 0.5 to 3.5 acute exacerbations of COPD (AECOPD) per year.4 
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According to Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) 2020, exacerbation is defined as acute 
worsening of respiratory symptoms calling for additional 
therapy, where those cases that require hospitalization or 
visits to the emergency room are regarded as severe 
AECOPD.4 In the case of severe AECOPD, patients encoun-
ter serious inflammatory eruption and gas trapping, resulting 
in acute respiratory failure and even mortality risk.5–7 

Patients with ≥2 exacerbations experienced in the course of 
the past year are identified as ‘frequent exacerbator 
phenotype’.4,8 Previous studies have reported that frequent 
exacerbators were associated with more serious airway 
obstruction, poorer health status and worse life 
quality.4,8–10 However, specific characteristics of frequent 
exacerbators with severe AECOPD remain unclear. In addi-
tion, limited research has focused on biomarkers predicting 
clinical outcome in these patients, especially those with 
severe exacerbation.

Neutrophils, the most abundant leukocytes in circula-
tion, participate in multiple immune and inflammatory 
processes via phagocytosis, particle production, cytokine 
release and similar.11 The lymphocytes have been empha-
sized as the effectors and coordinators of inflammation in 
diverse pathophysiological mechanisms.12 The neutrophil- 
to-lymphocyte ratio (NLR) in peripheral blood reflects the 
high level of neutrophils and the secondary development 
of lymphopenia in response to inflammatory stress.13 As 
a prognostic biomarker, NLR has received increasing 
attention in many inflammatory diseases such as pneumo-
nia, pancreatitis, etc.13,14

COPD, especially severe AECOPD, was accompanied 
by excessive inflammatory response.15 The abnormal 
inflammation encompasses complex interactions of var-
ious immunocytes, including neutrophils and 
lymphocytes.15,16 Hence, NLR is expected to be 
a putative biomarker reflecting the disease severity and 
treatment effect in COPD.17,18 Nevertheless, little is 
known about the relationship between NLR and clinical 
outcome of severe AECOPD, especially for the frequent 
exacerbators. Thus, the current study aimed to investigate 
the clinical features and NLR’s predictive value for out-
come of severe AECOPD in frequent exacerbators.

Patients and Methods
Subject Profile
A total of 786 patients with severe AECOPD admitted to 
Ruijin Hospital between April 2016 and March 2020 were 

retrospectively enrolled in the current study. Patients who 
met the following criteria were included: a) COPD diag-
nosis at any of the previous clinical visits: with a post- 
bronchodilator forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) value <0.7 in the 
stable stage; b) primary diagnosis of severe AECOPD at 
this admission: acute worsening of respiratory symptom 
that requires hospitalization.4 Patients complicated with 
other respiratory diseases were excluded, such as asthma, 
lung cancer, bronchiectasis, interstitial lung diseases, etc. 
In addition, patients with antibiotic or corticosteroid treat-
ment within one month prior to enrollment were not listed 
in the study. Finally, 604 subjects were included in the 
analysis (Figure 1). All patients provided written informed 
consent for scientific research of clinical data during 
hospitalization.

This study was conducted in accordance with the 
Declaration of Helsinki, and the protocol was reviewed 
and approved by the institutional review board of Ruijin 
Hospital.

Data and Sample Collection
Based on the definition of ‘frequent exacerbation’ by 
GOLD 2020,4 the patients were divided into frequent 
exacerbators (subjects who experienced two or more 
exacerbations within the past year) and non-frequent 
ones. We collected demographics and clinical characteris-
tics from the electronic medical record, including the 
spirometry parameters in stable stage within the last two 
years. Blood cell count and other inflammatory indicators 
were obtained on the day of admission before the admin-
istration of antibiotics and steroids. Furthermore, the NLR 
value (count of neutrophil/count of lymphocyte) of each 
subject was calculated and analyzed. We recorded the 
clinical outcome of each participant. Patients meeting 
any of the three criteria were defined as having worse 
outcome: needing invasive ventilation, intensive care unit 
(ICU) admission, or in-hospital mortality.19

Statistical Analysis
Continuous variables were expressed as mean with stan-
dard deviation (SD) for normally distributed variables or 
median with interquartile range (IQR) for skewed vari-
ables. Quantity and percentage were employed for catego-
rical variables. Differences in clinical characters between 
the two groups were evaluated using t-test and Mann– 
Whitney U-test for continuous variables, while the Chi- 
squared test and Fisher exact probability method were 
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used for categorical variables, as appropriate. Spearman 
correlation coefficient (r) was calculated to identify the 
existence of correlation. In addition, non-parameter impu-
tation method, missForest procedure in R, was also applied 
to estimate the missing indices,20 which were further used 
for logistic regression analysis.

Moreover, we conducted multivariate logistic regres-
sion models to assess the association between NLR and 
worse outcome in frequent exacerbators. With the first 
quartile of NLR as a reference, Odds ratios (OR) and 
95% confidence intervals (95% CI) for the second to 
fourth quartiles were calculated, respectively. Meanwhile, 
ORs for the incident of worse outcome were also tested for 
per one unit increase when NLR was considered as origi-
nal continuous variables. In addition to the crude model, 
model 1 was age-, sex-, body mass index (BMI)- and 
smoking status adjusted model and model 2 was further 
adjusted for comorbidities. Model 3 was further adjusted 
for GOLD grade and maintenance therapy of COPD. In 
model 4, inflammatory indicators were further adjusted 
based on model 3. The covariates, which were known or 
considered to be related to NLR and prognosis, were 
selected and adjusted with a stepwise method. 

Furthermore, receiver operating characteristic (ROC) 
curve analysis was employed to evaluate the sensitivity 
and specificity of NLR in predicting worse outcome, as 
well as its cut-off value. All statistical analyses were 
performed on R version 4.0.0, and a two-tailed p-value 
less than 0.05 was considered as statistically significant.

Results
Clinical Characteristics of Frequent and 
Non-Frequent Exacerbators During 
Severe AECOPD
Among the 604 patients with severe AECOPD (male/ 
female 523/81; median age 77 [IQR, 67–84]), 282 patients 
(46.69%) were frequent exacerbators, and 322 patients 
(53.31%) were non-frequent ones. Clinical characteristics 
of participants are listed in Table 1. There were no sig-
nificant differences in age, sex, BMI and smoking status 
between the two groups. Among the 279 patients who 
underwent pulmonary function test, frequent exacerbators 
(n=140) showed more deteriorated airflow limitation than 
non-frequent ones (n=139), presented with lower level of 
FEV1% predicted (FEV1% pred; 36.25 [IQR, 26.78– 
49.69] vs 42.91 [IQR, 27.80–57.03] %; p=0.004), 

Figure 1 Flowchart of the study participants. 
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; NLR, neutrophil-to-lymphocyte ratio; ICU, intensive care unit.
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Table 1 Characteristics of Frequent Exacerbators and Non-Frequent Exacerbators During Severe AECOPD

Characteristics Total (n=604) Frequent Exacerbators (n=282) Non-Frequent Exacerbators (n=322) P value

Age, years 77.00 (67.00–84.00) 78.00 (68.00–84.00) 76.00 (67.00–84.00) 0.127

Male, n (%) 523 (86.59) 247 (87.59) 276 (85.71) 0.500

BMI, kg/m2 21.91 (19.02–24.75) 21.54 (18.60–24.78) 22.03 (19.36–24.72) 0.630

Current smoker, n (%) 144 (23.84) 58 (20.57) 86 (26.71) 0.077

Comorbidities, n (%)

Diabetes 120 (19.87) 56 (19.86) 64 (19.88) 0.996

Hypertension 321 (53.15) 160 (56.74) 161 (50.00) 0.098
NYHA≥3 95 (15.73) 47 (16.66) 48 (14.91) 0.553

Arrhythmia 130 (21.52) 72 (25.53) 58 (18.01) 0.025*

Pulmonary Function Testa

FEV1/FVC, % 52.08 (42.25–66.67) 49.09 (37.80–56.75) 60.24 (43.50–72.73) 0.007*
FEV1 pred, % 37.50 (27.25–53.78) 36.25 (26.78–49.69) 42.91 (27.80–57.03) 0.004*

FVC pred, % 57.40± 17.50 55.22± 16.18 59.57± 18.52 0.038*

GOLD grade, I/II/III/IVb 18/68/102/91 7/27/55/51 11/41/47/40 0.030*

Therapy in stable stage, n (%)

LABA monotherapy 8 (1.32) 6 (2.13) 2 (0.62) 0.100

LAMA monotherapy 10 (1.66) 2 (0.71) 8 (2.48) 0.076

LABA+ICS 87 (14.40) 45 (15.96) 42 (13.04) 0.309
LAMA+LABA 2 (0.33) 1 (0.35) 1 (0.31) 1.000

LABA+LAMA+ICS 160 (24.69) 108 (38.30) 52 (16.15) <0.001*

Blood cell count

Leukocytes, ×109/L 7.71 (5.95–10.25) 8.25 (6.15–10.84) 7.36 (5.80–9.83) 0.008*
Neutrophils, ×109/L 5.75 (3.87–8.18) 6.14 (4.20–8.82) 5.26 (3.73–7.69) <0.001*

Lymphocytes, ×109/L 1.15 (0.84–1.59) 1.08 (0.78–1.48) 1.23 (0.93–1.63) 0.002*

NLR 5.05 (2.92–8.16) 5.93 (3.40–9.28) 4.41 (2.74–6.80) <0.001*
Monocytes, ×109/L 0.53 (0.36–0.73) 0.55 (0.32–0.72) 0.52 (0.38–0.75) 0.348

Eosinophils, ×109/L 0.07 (0.01–0.19) 0.04 (0.00–0.17) 0.10 (0.01–0.21) <0.001*

Haemoglobin, g/L 128.00 (115.00–141.00) 127.00 (116.00–139.75) 129.00 (114.00–142.00) 0.931
Platelet, ×109/L 189.00 (151.00–245.00) 188.00 (151.25–243.00) 191.50 (151.00–245.00) 0.726

Inflammatory parameters

CRP, mg/Lc 13.00 (4.00–48.40) 11.75 (3.73–46.43) 14.00 (4.15–52.50) 0.351

PCT, ng/mLd 0.05 (0.05–0.14) 0.05 (0.05–0.14) 0.05 (0.05–0.14) 0.800
ESR, mm/he 14.00 (6.00–36.00) 13.50 (6.00–34.75) 14.00 (7.00–36.00) 0.300

LDH, IU/Lf 179.00 (143.00–212.00) 183.00 (145.25–225.25) 171.00 (141.25–201.00) 0.016*

Worse outcome (%) 96 (15.89) 58 (20.57) 38 (11.80) 0.003*

ICU admission (%) 77 (12.75) 47 (16.67) 30 (9.32) 0.007*

Invasive ventilation (%) 15 (2.48) 11 (3.90) 4 (1.24) 0.036*

Mortality (%) 32 (5.30) 23 (8.16) 9 (2.80) 0.003*

Notes: aPulmonary function test was available in 279 patients, among 140 in frequent exacerbation (FE) group and 139 in non-frequent exacerbation (non-FE) group; 
bGOLD grade was classified according to pulmonary function test; cCRP was available in 535 patients, among 248 in FE group and 287 in non-FE group; dPCT was available in 
468 patients, among 225 in FE group and 243 in non-FE group; eESR was available in 405 patients, among 186 in FE group and 219 in non-FE group; fLDH was available in 512 
patients, among 250 in FE group and 262 in non-FE group, *p<0.05. 
Abbreviations: BMI, body mass index; NYHA, New York heart association; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; LABA, long-acting beta- 
agonists; LAMA, long-acting antimuscarinic antagonists; ICS, inhaled corticosteroids; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; ESR, 
erythrocyte sedimentation rate; LDH, lactic dehydrogenase; ICU, intensive care unit.
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decreased FVC percent predicted (FVC% pred; 55.22± 
16.18 vs 59.57± 18.52%; p=0.038) and lower FEV1/FVC 
post-bronchodilator (49.09 [IQR, 37.80–56.75] vs 60.24 
[IQR, 43.50–72.73] %; p=0.007), as well as worse 
GOLD grade (p=0.030). Frequent exacerbators had 
a higher incidence of arrhythmia than the non-frequent 
ones (72 [25.53%] vs 58 [18.01%]; p=0.025).

As for therapeutic intervention in the stable stage, fre-
quent exacerbators were also more likely to undergo triple 
inhaled therapy (long-acting antimuscarinic antagonists 
+long-acting beta-agonists +inhaled corticosteroids) than 
non-frequent ones (108 [38.30%] vs 52 [16.15%]; p<0.001).

NLR Levels of Frequent and 
Non-Frequent Exacerbators During 
Severe AECOPD
Regarding laboratory findings during severe AECOPD 
(Table 1), frequent exacerbators exhibited increased count 
of leukocytes (8.25 [IQR, 6.15–10.84] vs 7.36 [IQR, 5.80–-
9.83] ×109/L; p=0.008;) and neutrophils (6.14 [IQR, 4.20–-
8.82] vs 5.26 [IQR, 3.73–7.69] ×109/L; p<0.001). 
Meanwhile, decreased count of lymphocytes (1.08 [IQR, 
0.78–1.48] vs 1.23 [IQR, 0.93–1.63] ×109/L; p=0.002) and 
eosinophils (0.04 [IQR, 0.00–0.17] vs 0.10 [IQR, 0.01–0.21] 
×109/L; p<0.001) were found in the frequent exacerbators. 
Marked elevation of NLR was observed in frequent exacer-
bators compared with the non-frequent ones (5.93 [IQR, 
3.40–9.28] vs 4.41 [IQR, 2.74–6.80]; p<0.001). In addition, 
frequent exacerbation group also showed higher level of 
lactic dehydrogenase (LDH; 183.00 [IQR, 145.25–225.25] 
vs 171.00 [IQR, 141.25–201.00]; p=0.016).

The Relationship Between NLR Values 
and Worse Outcome of Severe AECOPD 
in Frequent Exacerbators
A total of 96 (15.89%) patients exhibited the worse outcome, 
including 15 (2.48%) who received invasive ventilation, 77 
(12.75%) who were admitted to ICU, and 33 (5.30%) who 
deceased in hospital. Worse outcome was more commonly 
observed in frequent exacerbators than in non-frequent ones 
(58 [20.57%] vs 38 [11.80%]; p=0.003; Table 1). Moreover, 
we further divided the frequent exacerbators into two sub-
groups, with or without worse outcome; and we found that 
NLR was higher in the subjects with worse outcome than those 
without worse outcome (11.09 [IQR, 7.74–16.49] vs 5.28 
[IQR, 2.93–7.93]; p<0.001; Figure 2A). In addition, a higher 
proportion of female patients, more complications with hyper-
tension and New York heart association (NYHA)≥3, fewer 
count of eosinophils, lower level of hemoglobin, a higher 
level of procalcitonin (PCT) and LDH, and lower proportion 
of triple inhaled therapy in stable stage (p<0.05 for all) were 
also observed in patients with worse outcome (Table 2).

NLR Predicted the Worse Outcome of 
Severe AECOPD in Frequent 
Exacerbators
Considering the higher level of NLR in the frequent exacer-
bators with worse outcome, we extended the observation 
between NLR and clinical prognosis. We found that the value 
of NLR was positively correlated with the occurrence of worse 
outcome (r=0.466, p<0.001). Multivariable-adjusted logistic 
regression models revealed that increased NLR was associated 

Figure 2 (A) NLR during severe AECOPD in frequent exacerbators with different outcome. Among the frequent exacerbators, the values of NLR in the ones with worse 
outcome were higher than in those without worse outcomes. (B) ROC curve of NLR for predicting the worse outcome of severe AECOPD in frequent exacerbators. The 
cut-off value of NLR was 10.23, with a sensitivity of 0.621, a specificity of 0.920 and an AUC of 0.833 (95% CI 0.771 −0.894; p<0.001). 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ROC, receiver operating characteristic; 
AUC, area under the curve.
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with a higher risk of worse outcome (Table 3). In the crude 
model, comparing with the first quartile of NLR, the OR of 
worse outcome for the third and fourth quartiles of NLR was 
6.43 (95% CI, 1.64–42.65; p=0.018) and 39.73 (95% CI, 11.-
24–253.52; p<0.001), respectively. After adjusting for age, sex, 
BMI and smoking status, the adjusted OR were 6.51 (95% CI, 
1.63–43.71; p=0.019) and 42.87 (95% CI, 11.74–279.01; 
p<0.001). Following the further adjustment for comorbidities, 
GOLD grade and triple inhaled therapy, the association 
remained significant (all p<0.05). When the model was further 
adjusted for inflammatory indicators, a significantly higher risk 
of worse outcome was found in the fourth quartiles of NLR 
subgroup, with an OR of 41.85 (95% CI, 9.57–306.74; 
p<0.001). Meanwhile, in this multivariable-adjusted model, 
the OR of worse outcome in NLR was 1.43 (95% CI, 1.28– 
1.64; p<0.001).

Finally, we performed a ROC curve analysis to evalu-
ate the efficiency of NLR in predicting the worse outcome 
of severe AECOPD in frequent exacerbators (Figure 2B). 
With an NLR cut-off value of 10.23, the sensitivity and 
specificity for the worse outcome were 62.1% and 92.0%, 
respectively (area under the curve 0.833; 95% CI 0.771– 
0.894; p<0.001).

Discussion
In the present study, we found that frequent exacerbators 
showed an increased level of NLR and a higher proportion of 
worse outcome during severe AECOPD than non-frequent 
ones. Multivariable-adjusted logistic regression models further 
revealed that increased NLR was associated with a higher risk 
of worse outcome in frequent exacerbators. Moreover, NLR 
was a promising indicator for predicting the worse outcome of 
severe AECOPD in frequent exacerbators.

COPD is a heterogeneous disease. Identifying clinical phe-
notypes and conducting individual therapy stratagem should 
benefit COPD patients.21 The landmark ECLIPSE study 
emphasized a unique subgroup of COPD, in which individuals 
with at least two exacerbations per year were classified as 
frequent exacerbators.9 Host-specific factors related to fre-
quent exacerbation included the exacerbation history, complex 
comorbidities, deteriorated lung function, persistent airway 
inflammation, etc.8–10 In addition, Lipson et al,22 proved that 
frequent exacerbators were more frequently suggested triple 
therapies, especially in the prevention of severe AECOPD and 
the reduction of poor prognosis. Similarly, up to 46% of the 
subjects in our study were frequent exacerbators, accompanied 

Table 2 Characteristics of Frequent Exacerbators with Different Outcome During Severe AECOPD

With Worse Outcome (n=58) Without Worse Outcome (n=224) P value

Age, years 80.00 (71.25–84.75) 77.00 (67.00–84.00) 0.169
Male, n (%) 46 (79.31) 201 (89.73) 0.032*

BMI, kg/m2 21.91 ± 5.00 22.03 ± 4.19 0.081

Current smoker, n (%) 7 (12.07) 51 (22.77) 0.072
Diabetes, n (%) 16 (27.59) 40 (17.86) 0.098

Hypertension, n (%) 42 (72.41) 118 (52.68) 0.007*

NYHA≥3, n (%) 21 (36.21) 26 (11.61) <0.001*
Arrhythmia, n (%) 16 (27.59) 56 (25.00) 0.687

GOLD grade, I/II/III/IVa 0/2/4/4 7/25/51/47 0.901
ICS+LABA+LAMA, n (%) 10 (17.24) 98 (43.75) <0.001*

NLR 11.09 (7.74–16.49) 5.28 (2.93–7.93) <0.001*

Monocytes, ×109/L 0.49 (0.23–0.66) 0.55 (0.34–0.73) 0.065
Eosinophils, ×109/L 0.01 (0.00–0.05) 0.06 (0.00–0.18) <0.001*

Haemoglobin, g/L 122.00 (102.00–133.00) 129.00 (118.00–141.00) 0.002*

Platelet, ×109/L 179.50 (142.75–220.00) 191.00 (152.00–248.00) 0.102
CRP, mg/Lb 15.35 (5.33–72.08) 11.00 (3.10–42.75) 0.069

PCT, ng/mLc 0.09 (0.05–0.55) 0.05 (0.05–0.10) <0.001*

ESR, mm/hd 10.00 (4.00–24.50) 15.00 (6.00–37.00) 0.172
LDH, IU/Le 207.50 (176.75–266.25) 179.50 (142.25–213.75) <0.001*

Notes: aGOLD grade was classified according to pulmonary function test in 140 frequent exacerbators; 10 subjects were with worse outcome and 130 subjects were 
without worse outcome; bCRP was available for 248 frequent exacerbators, among whom 58 were the ones with worse outcome and 190 were without worse outcome; 
cPCT was available for 225 frequent exacerbators, where 52 were with worse outcome and 173 were without worse outcome; dESR was available for 186 frequent 
exacerbators, where 43 were with worse outcome and 143 were without worse outcome; eLDH was available for 250 frequent exacerbators, among whom 56 were with 
worse outcome and 194 were without worse outcome. *p<0.05. 
Abbreviations: BMI, body mass index; NYHA, New York heart association; LABA, long-acting beta-agonists; LAMA, long-acting antimuscarinic antagonists; ICS, inhaled 
corticosteroids; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; LDH, lactic dehydrogenase.
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by worse GOLD grade and a higher proportion of arrhythmia 
and triple therapies.

Despite limited data emphasizing the AECOPD in frequent 
exacerbators, Matkovic et al,23 revealed that previous exacer-
bation history increased the risk of poor outcome during 
AECOPD. As most exacerbations tend to be triggered by 
infection, we took the assessment measure of other respiratory 
infectious diseases as a reference.19 From current research, 
worse outcome, including needing invasive ventilation, or 
ICU admission, or death in hospital, was employed to compre-
hensively evaluate the short-term prognosis of severe 
AECOPD. Consistent with prior studies,23 we also observed 
that more frequent exacerbators suffered from the worse out-
come. Therefore, early identification, which requires effective 
indicators or biomarkers, is essential.

Our results revealed that the NLR value in frequent 
exacerbators was much higher than that in non-frequent 
ones during severe AECOPD. As previous studies 
reported, frequent exacerbation might be associated with 
dysbiosis in lower airway flora and impaired antiviral 
immunity.24,25 Infection further increased, thus over- 
activating the neutrophils in the local and systemic 
responses. Another research also demonstrated that fre-
quent exacerbators were more suitable for the treatment 
directed towards neutrophilic inflammation.24 These find-
ings indicated frequent exacerbation phenotype might be 
complicated with more serious neutrophil inflammation. 
On the other hand, a recent report by Geerdink et al,26 

have demonstrated that frequent exacerbators were accom-
panied by decreased lymphocytes, including CD8+ 
T effector memory cells and CD4+ T central memory 
cells. Notably, Lee et al,17 also confirmed that a higher 
level of NLR in AECOPD was associated with future 
exacerbations during the first-year follow-up period.

Moreover, we found that frequent exacerbators with worse 
outcome presented much higher value of NLR during severe 
AECOPD, and higher NLR indicated the risk of worse out-
come. Importantly, Xiong et al,27 verified the similar associa-
tion between NLR and poor prognosis in AECOPD, while our 
study focused on the outcome of severe AECOPD in frequent 
exacerbators. We demonstrated that NLR>10.23 was 
a potential prognostic biomarker for worse outcome of severe 
AECOPD. It was comparable to the research of Yao et al,28 

who validated NLR>6.24 as the predictor of in-hospital mor-
tality in AECOPD patients. It has been found that NLR could 
predict the need for invasive ventilation with the cut-off of 
10.345,29 while NLR>16 was identified as an independent 
mortality risk factor for AECOPD patients requiring ICU 
admission.30 The different cut-off values of NLR in these 
studies may due to the different study designs and observa-
tional end-point. Our results may imply that speculated high- 
level systematic inflammation and serious disease severity of 
exacerbation accounted for frequent exacerbator phenotype.

In addition to the value of NLR, which was different in 
frequent and non-frequent exacerbators, we also found another 
specific phenomenon during severe AECOPD, i.e. frequent 

Table 3 Association Between NLR and Worse Outcome in Frequent Exacerbators During Severe AECOPD

NLR Quartiles

NLR (per unit) Q1 Q2 Q3 Q4

Median of NLR 2.40 4.75 7.42 12.37

Interquartile range of NLR 1.90–2.84 4.02–5.34 6.72–8.38 10.28–16.35

adverse outcome, n (%) 2 (2.82) 7 (10.00) 11 (15.71) 38 (53.52)

OR (95% CI) for adverse outcome

Crude model 1.37 (1.26–1.50)*** 1.00 (Ref) 3.83 (0.89–26.38) 6.43 (1.64–42.65)* 39.73 (11.24–253.52)***

Model 1a 1.39 (1.27–1.54)*** 1.00 (Ref) 4.01 (0.91–27.90) 6.51 (1.63–43.71)* 42.87 (11.74–279.01)***
Model 2b 1.43 (1.29–1.60)*** 1.00 (Ref) 3.83 (0.78–28.75) 5.94 (1.38–42.11)* 56.25 (13.86–401.90)***

Model 3c 1.43 (1.28–1.63)*** 1.00 (Ref) 3.96 (0.79–30.02) 4.76 (1.10–33.52)* 53.19 (12.39–387.45)***

Model 4d 1.43 (1.28–1.64)*** 1.00 (Ref) 4.10 (0.80–31.36) 3.79 (0.82–27.46) 41.85 (9.57–306.74)***

Notes: aModel 1 adjusted for age, sex, BMI and smoking status; bModel 2 further adjusted for comorbidities (including diabetes, hypertension, NYHA≥3 and arrhythmia); 
cModel 3 further adjusted for GOLD grade and triple inhaled therapy as maintenance strategy; dModel 4 further adjusted for inflammatory indicators (including CRP, PCT, 
ESR, LDH), *p<0.05; ***p<0.001. 
Abbreviations: NLR, neutrophil to lymphocyte ratio; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; OR, Odd ratios; CI, confidence intervals; 
BMI, body mass index; NYHA, New York heart association; CRP, C-reactive protein; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; LDH, lactic dehydrogenase.
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exacerbators had fewer counts of eosinophils, especially the 
ones with worse outcome. Although previous studies sug-
gested that frequent exacerbators presented eosinophilia, the 
samples were collected during the stable stage in most of these 
studies.31,32 However, it was uncertain whether the dominant 
role of eosinophil remained during exacerbation. Also, Wu 
et al have demonstrated that the lower eosinophilic state was 
associated with poor prognosis,33 which was consistent with 
our findings. Therefore, the association between frequent 
exacerbations and eosinophils during severe AECOPD is 
worth further exploration.

There are some limitations in the present study. First, 
due to the retrospective nature of the study, some clinical 
information, such as details on smoking status, pulmonary 
function parameters and inflammatory indicators, were 
only available for some of the participants. Second, 
a single-center study may lead to data bias, thus, the 
reported results need to be further verified by a larger 
multi-center study. Finally, prospective studies are neces-
sary to draw a more definite conclusion.

Conclusion
In conclusion, the present study reported an increased 
value of NLR and a higher proportion of worse outcome 
in frequent exacerbators during severe AECOPD. As 
a simple and cost-effective index, NLR is expected to be 
a promising biomarker to predict the clinical outcome of 
severe AECOPD in frequent exacerbators.
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