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Background/Purpose: A patient’s length of hospital stay (LHS) is associated with the severity and outcome of acute exacerbation of
chronic obstructive pulmonary disease (AECOPD). Therefore, identification of patients with prolonged LHS at an early stage can
potentially reduce the risk of adverse events and treatment costs in patients with AECOPD. Therefore, this study aimed to explore the
independent predictors of prolonged LHS in AECOPD patients.
Patients and Methods: This multicenter cross-sectional study was conducted at two tertiary hospitals between January 2019 and
August 2020. Demographic data, underlying diseases, symptoms, and laboratory findings were collected. Univariate analysis was used
to identify variables with significant differences. A collinearity diagnostic was applied to the selected variables before the establish-
ment of the regression model. Ordinal logistic regression was performed to explore the independent risk factors for prolonged LHS in
patients with AECOPD.
Results: In total, 598 patients with AECOPD were screened. Finally, the LHS of 111, 218, and 100 patients was <7, 7–10, and ≥11
days, respectively. Significant differences in the 12 variables were found in the univariate analysis. Because collinearities among white
blood cells (WBC), neutrophils (NS), and NS% were observed, WBC and NS% were excluded. Subsequently, an ordinal logistic
regression model identified that rates of hypertension and chronic cor pulmonale (CCP), neutrophil–lymphocyte ratio (NLR), and
erythrocyte sedimentation rate (ESR) were independent predictors of prolonged LHS in AECOPD patients.
Conclusion: Collectively, our results showed that inflammatory status, hypertension, and CCP were independently associated with
LHS in patients with AECOPD. These data indicate that early and appropriate administration of antibiotics and anti-inflammatory
drugs is essential for reducing LHS. Hypertension and CCP were independent predictors of worse outcomes in patients with AECOPD.
Therefore, advanced management and care should be provided to AECOPD patients with hypertension and/or CCP on admission.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, chronic cor pulmonale, erythrocyte sedimentation rate,
hypertension, length of hospital stay, neutrophil–lymphocyte ratio

Introduction
Chronic obstructive pulmonary disease (COPD) is a worldwide public health problem and one of the leading causes of
mortality and morbidity.1 Acute exacerbation of COPD (AECOPD), a severe status of COPD, is characterized by
worsening of respiratory manifestations and is associated with increased mortality.2 Symptoms such as dyspnea, sputum
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purulence and volume, cough, and wheezing that worsen in short time periods are the major respiratory presentations of
AECOPD.3 It was reported that AECOPD accounted for about 13% of all admitted patients.4 Mounting evidence showed
that length of hospital stay (LHS) was independently associated with the severity of AECOPD.5–7 Although the risk
factors for hospitalization in COPD have been well explored, including heart failure,8 malnutrition,8 and ambient
particulate matter (PM) 10,9 the predictors for prolonged LHS in AECOPD patients are still not very clear.

AECOPD causes a heavy burden on the health care system, particularly in developing countries.10–12 The direct and
indirect costs of AECOPD include healthcare resources devoted to diagnosis, illness management, workability loss,
premature mortality, and family caregiver costs.3,13,14 Dalal et al found that the average cost was $9745 for standard
admission and $33,440 for ICU stay in hospitalized AECOPD patients.15 Chen et al showed that length of ICU stay, non-
invasive or invasive ventilation intervention, and use of antibiotics and systemic steroids were the major predictors of
hospitalization costs in AECOPD.16 Therefore, LHS is associated with the medical costs of hospitalized AECOPD
patients.

LHS is essential for the prediction of AECOPD severity.17–19 However, the definition of prolonged LHS in AECOPD
still lacks a unified standard.17,19–22 In a cohort study, Mushlin et al showed that the mean LHS was 6–7 days in AECOPD
patients.19 They also found that a longer LHS was associated with increased PCO2 levels, symptom duration > 1 day, and
antibiotic treatment at the time of admission. In another prospective study, Crisafulli et al divided AECOPD patients into
normal (≤ 7 days) and prolonged LHS (> 7 days) groups. Their results showed that prolonged LHS was independently
associated with a modified Medical Research Council (mMRC) dyspnea score ≥ 2 and the presence of acute respiratory
acidosis. In a retrospective study, a prolonged LHS in AECOPD was defined by an LHS > 8 days.17 Meanwhile, in another
prospective cohort study, 9 days was used as the threshold of prolonged LHS in AECOPD.23 It revealed that baseline
dyspnea, physical activity level, and hospital variability were independent predictors of prolonged LHS in hospitalized
AECOPD patients. Simultaneously, Wang et al found that an LHS above the 75th percentile was 11 days in AECOPD
patients.22 They also identified that admission between Thursday and Saturday, heart failure, diabetes, stroke, high arterial
PCO2, and low serum albumin levels were independently associated with prolonged LHS in AECOPD patients. However, a
majority of the previous studies focused more on subjective parameters such as symptoms, mMRC score, and physical
activity level rather than objective parameters, especially laboratory results.

Comprehensive laboratory results such as arterial blood gas, routine blood tests, blood electrolytes, renal function
tests, and liver function tests were included in our study. The aim of this cross-sectional study was to identify the
independent predictors, particularly the lab parameters, of prolonged LHS in AECOPD patients, which can assist
physicians in identifying AECOPD patients with potentially worse outcomes at an early stage.

Materials and Methods
Study Design and Population
This multicenter cross-sectional study was performed at the respiratory departments of the Second Affiliated Hospital of
Chongqing Medical University and the First People’s Hospital of Suining City between January 2019 and August 2020.
This study was approved by the Research Ethics Committees of the Second Affiliated Hospital of Chongqing Medical
University (No. 2019–23) and the First People’s Hospital of Suining City (NO. 2020–37) in accordance with the
Declaration of Helsinki.24 The heights of the two hospitals were 305 meters and 801 meters above sea level, respectively.
All AECOPD patients had no plateau living history. Informed consent was obtained from all patients by the responsible
physician or an appropriately trained staff member. Standard care and treatment were provided in our study according to
current clinical guidelines.3,25,26

Sample Size Determinations
The sample size was calculated using G-power (version 3.1.9.2). A minimum of 246 participants (82 in each group) was
required to detect at least a 20% difference in effect size with a power of 80%, assuming α = 0.05 and an allocation ratio
of 1:1:1. Furthermore, 20% more patients (98 patients in each group) were recruited.
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Inclusion and Exclusion Criteria
The inclusion criterion was an acute exacerbation of COPD requiring hospitalization in subjects aged ≥ 40 years.3 The
exclusion criteria were as follows: death during hospitalization, non-respiratory failure patients without lung function test
data, active pulmonary tuberculosis (TB), asthma, bronchiectasis, pneumoconiosis, interstitial lung diseases (ILDs),
pulmonary edema, pulmonary thromboembolism (PTE), other chronic lung diseases, dysphagia and aspiration, dementia,
hospital-acquired pneumonia (HAP), antibiotic administration within the last 2 weeks, immunosuppressive status
(immunosuppressive drugs administered in the previous 2 weeks, organ transplant recipient, and/or present HIV
infection), systemic steroid use within the last 2 weeks, history of malignant diseases, renal failure, and liver failure.
Currently, no optimum standard for prolonged LHS has been consistently described.20 Meanwhile, based on previous
studies,21,22 7 and 11 days were used as the cutoffs for mild prolonged LHS and severe prolonged LHS in the AECOPD
patients in this study. A total of 598 hospitalized AECOPD patients were enrolled, and 169 were excluded. In the end,
111 patients had LHS < 7 days (normal LHS, N-LHS), 218 patients had LHS between 7 and 10 days (mild prolonged
LHS, MP-LHS), and 100 patients had LHS ≥ 11 days (severe prolonged LHS, SP-LHS) (Figure 1).

Definitions
According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommendations, the diagnosis of
COPD was confirmed by pulmonologists based on criteria such as noxious stimuli exposure history, risk elements,
clinical symptoms, and spirometry results (FEV1/FVC% < 0.7 after bronchodilator inhalation).3 AECOPD was defined
as an event in the natural course of the disease that was characterized by acute changes in clinical symptoms beyond the
normal day-to-day variations that resulted in the need for additional therapy.3,27 According to community-acquired
pneumonia (CAP) guidelines25,26,28 and previous studies,29,30 CAP was defined by the typical symptoms and signs of
systemic or acute lower respiratory tract infection and with evidence compatible with a diagnosis of CAP on chest
computed tomography (CT). The radiological features of pneumonia include new-onset patchy infiltrates, consolidation,
ground-glass opacities, or lung interstitial changes without other explanations.25,26,29,30 Chronic cor pulmonale (CCP)
was defined as right ventricular hypertrophy resulting from diseases affecting the function and/or structure of the lungs,
except when these pulmonary alterations were the result of diseases that primarily affect the left side of the heart.9,31,32

Figure 1 Flow diagram of the study.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; LHS, length of hospital stay; TB, tuberculosis; ILDs, interstitial lung diseases; PTE,
pulmonary thromboembolism; HAP, hospital-acquired pneumonia.
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The diagnosis of CCP was based on the clinical presentation, echocardiography, and electrocardiography findings.9,31,32

Participants were defined as ex-smokers if they had abstained from smoking for ≥ 6 months. The neutrophil–lymphocyte
ratio (NLR) was defined as the number of neutrophils divided by the lymphocytes in the blood.27

Data Collection
Demographic data, underlying diseases, comorbidities, symptoms, and LHS were recorded and collected. Blood samples
for laboratory tests and lung function tests were collected within 24 h after admission. However, because of safety and
cooperation concerns, a spirometer test was not performed in patients with respiratory failure. All patients underwent CT
within 48 h after admission. The results were reviewed by an independent radiologist and pulmonologist in each hospital,
who were blinded to the study. Discrepancies were resolved by consensus.

Statistical Analysis
Data were analyzed using SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA). Bar graphs were plotted using
GraphPad Prism 7.0. Continuous variables were expressed as mean ± standard deviation (SD), and categorical data were
expressed as frequencies. The data distribution was examined using the Kolmogorov–Smirnov test. Continuous variables
with normal distributions were analyzed using one-way analysis of variance with Least Significant Difference (LSD) and
Student-Newman–Keuls (SNK) post hoc tests. Continuous variables with abnormal distributions and ordinal variables
were measured using the Kruskal–Wallis H-test. The chi-square test was used to analyze categorical variables. A
collinearity diagnostic was applied to the selected variables before the establishment of the regression model. Ordinal
logistic regression was performed to investigate the independent risk factors associated with LHS in patients with
AECOPD. Statistical significance was set at p < 0.05.

Results
Demographic Characteristics of AECOPD Patients
This cross-sectional study enrolled 598 patients with AECOPD. Ultimately, 111 (26%) patients had LHS < 7 days (N-
LHS), 218 (51%) patients had LHS of 7–10 days (MP-LHS), and 100 (23%) patients had LHS ≥ 11 days (SP-LHS)
(Figure 1). The demographic data of the patients are presented in Table 1. Age and rates of CAP, CCP, and hypertension
were significantly different among the three groups.

Clinical Presentations and Laboratory Data of AECOPD Patients
As shown in Table 2, white blood cell (WBC), neutrophil (NS), NS%, lymphocyte%, NLR, procalcitonin (PCT), ESR,
and albumin (ALB) levels were significantly different among the three groups.

Ordinal Logistic Regression Analysis Based on LHS in AECOPD Patients
To explore the independent factors associated with LHS in patients with AECOPD, ordinal logistic regression was
performed. Since collinearities among WBC, NS, and NS% were observed (eigenvalue = 0.012, condition index =
15.674), WBC and NS% were excluded. In the ordinal logistic regression model, we included 10 factors that were found
to be significantly associated with LHS in univariate analysis, including age, the rates of CAP, CCP, hypertension, NS,
lymphocyte%, NLR, PCT, ESR, and ALB. Subsequently, our data identified that NLR, ESR, and the rates of hyperten-
sion and CCP were independently associated with LHS in patients with AECOPD (Table 3).

NLR and ESR Were Markedly Increased in AECOPD Patients with Prolonged LHS
NLR and ESR were significantly higher in the MP-LHS and SP-LHS groups than in the N-LHS group (Table 2 and
Figure 2). However, no differences in NLR and ESR were observed between the MP-LHS and SP-LHS groups.
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Table 1 Demographic Data of the Patients with AECOPD (n=429)

N-LHS (<7 Days) MP-LHS (7–10 Days) SP-LHS (≥11 Days) Statistical Values P value

Sex [Male, n (%)] 84 (75.68%) 167 (76.61%) 77 (77.00%) 0.057 0.972

Age (years) 68.604±10.016 71.587±8.607 71.870±9.942 4.516 0.011

BMI 22.226±3.6589 22.086±3.664 22.522±3.874 0.474 0.623

Smoking 1.935 0.380

Non-smoking [n (%)] 39 (35.14%) 80 (36.70%) 40 (40.00%)

Ex-smoking [n (%)] 18 (16.22%) 56 (25.69%) 21 (21.00%)

Current-smoking [n (%)] 54 (48.64%) 82 (37.61%) 39 (39.00%)

GOLD Stages 1.716 0.424

Stage I: mild (≥80%) [n (%)] 14 (12.61%) 25 (11.47%) 14 (14.00%)

Stage II: moderate (50–79%) [n (%)] 42 (37.84%) 67 (30.73%) 28 (28.00%)

Stage III: severe (30–49%) [n (%)] 26 (23.42%) 58 (26.61%) 31 (31.00%)

Stage IV: very severe (<30%) without respiratory failure [n (%)] 9 (8.11%) 18 (8.26%) 7 (7.00%)

Respiratory failure [n (%)] 20 (18.02%) 50 (22.94%) 20 (20.00%)

Underlying diseases/comorbidities

CAP [n (%)] 33 (29.73%) 103 (47.25%) 42 (42.00%) 9.312 0.010

CCP [n (%)] 9 (8.11%) 30 (13.76%) 24 (24.00%) 10.906 0.004

CAD [n (%)] 16 (14.41%) 43 (19.72%) 17 (17.00%) 1.469 0.480

Hypertension [n (%)] 25 (22.52%) 87 (39.91%) 49 (49.00%) 16.801 0.000

T2DM [n (%)] 17 (15.32%) 31 (14.22%) 18 (18.00%) 0.753 0.686

CTD [n (%)] 2 (1.80%) 0 (0.00%) 2 (2.00%) 4.194 0.123

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; LHS, length of hospital stay; BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Lung Disease; CAP, community-acquired
pneumonia; CCP, chronic cor pulmonale; CAD, coronary artery disease; T2DM, type 2 diabetes mellitus; CTD, connective tissue disease.
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Table 2 Clinical Features and Laboratory Data of the Patients with AECOPD (n=429)

N-LHS (<7 Days) MP-LHS (7–10 Days) SP-LHS (≥11 Days) Statistical Values P value

Fever [n (%)] 3 (2.70%) 21 (9.63%) 10 (10.00%) 5.610 0.061

WBC (×109/L) 7.085±2.719 8.551±3.720 7.833±3.373 13.048 0.001

NS (×109/L) 4.958±2.558 6.293±3.504 5.847±3.230 12.075 0.002

LYM (×109/L) 1.489±0.777 1.454±0.712 1.384±0.724 1.938 0.379

EOS (×109/L) 0.222±0.204 0.291±0.569 0.187±0.191 1.740 0.419

NS (%) 67.659±11.966 71.171±11.894 72.305±10.408 4.917 0.008

LYM (%) 22.750±9.987 19.059±9.237 19.302±8.803 11.062 0.004

EOS (%) 3.476±2.915 3.506±5.261 2.734±2.720 4.029 0.133

NLR 4.556±6.054 6.007±8.138 5.468±5.274 10.359 0.006

RBC (×1012/L) 4.465±0.630 4.498±0.613 4.496±0.833 0.035 0.983

HB (g/L) 135.486±13.962 133.602±16.749 132.500±18.423 1.588 0.452

HCT (L/L) 41.047±3.995 40.467±4.946 40.146±5.347 1.588 0.452

PLT (×109/L) 204.550±69.895 201.101±76.681 197.200±70.848 0.594 0.743

PCT (ng/L) 0.082±0.187 0.172±0.706 0.126±0.332 19.461 0.000

CRP (mg/L) 19.859±34.852 24.512±38.058 18.145±27.881 1.810 0.404

ESR (mm/first hour) 16.432±16.778 23.330±20.817 24.270±22.086 10.062 0.007

ABG

PH 7.421±0.0482 7.436±0.0452 7.428±0.0482 5.962 0.051

PaCO2 (mmHg) 43.279±11.145 42.329±10.775 43.370±12.447 0.638 0.727

PaO2 (mmHg) 79.748±21.895 80.252±25.475 81.230±22.548 0.410 0.815

AB (mmol/L) 27.711±4.442 28.093±5.358 28.170±5.428 0.198 0.906

SB (mmol/L) 27.009±2.574 27.489±3.0672 27.459±3.1697 1.746 0.418

AG (mmol/L) 10.616±4.780 11.423±5.048 10.885±4.814 2.491 0.288

Serum Na (mmol/L) 139.115±4.330 138.208±4.623 138.345±5.331 3.899 0.142

Serum K (mmol/L) 3.971±0.401 3.966±0.452 3.896±0.461 1.008 0.366

Serum Ca (mmol/L) 2.250±0.150 2.239±0.191 2.239±0.140 2.470 0.291

Serum Mg (mmol/L) 0.869±0.117 0.853±0.107 0.861±0.098 1.633 0.442

ALB (g/L) 39.294±4.038 38.100±3.945 37.664±4.665 4.617 0.010

BUN (mmol/L) 6.262±1.773 6.328±2.417 6.1565±2.180 0.733 0.693

Cr (μmol/L) 69.794±17.691 73.485±24.101 71.690±21.036 1.084 0.582

ALT (IU/L) 19.811±12.709 23.555±30.333 22.299±24.085 0.416 0.812

AST (IU/L) 21.829±12.370 26.523±36.230 25.710±26.957 0.002 0.999

TBIL (μmol/L) 10.006±4.537 10.921±5.597 10.806±4.602 2.068 0.356

(Continued)
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Discussion
This multicenter cross-sectional study enrolled 598 patients with AECOPD. Finally, 111 (26%) patients with LHS < 7 days
(N-LHS), 218 (51%) patients with LHS of 7–10 days (MP-LHS), and 100 (23%) patients with LHS ≥ 11 days (SP-LHS)
were included. Significant differences in 12 factors, including age, rate of CAP, hypertension, CCP, WBC, NS, NS%,
lymphocyte%, NLR, PCT, ESR, and ALB were identified among the three groups in the univariate analysis. Since
collinearity among WBC, NS%, and NS was observed, WBC and NS% were excluded from the regression model.
Subsequently, an ordinal logistic regression model revealed that NLR, ESR, and rates of hypertension and CCP were
independently associated with LHS in patients with AECOPD. Furthermore, the NLR, ESR, and rates of hypertension and
CCP in AECOPD patients with prolonged LHS were significantly higher than those in patients with normal LHS.

Table 2 (Continued).

N-LHS (<7 Days) MP-LHS (7–10 Days) SP-LHS (≥11 Days) Statistical Values P value

IBIL (μmol/L) 6.254±3.174 6.271±3.249 6.242±3.016 0.209 5.739

DBIL (μmol/L) 4.002±2.153 4.581±2.598 4.701±2.259 0.901 0.057

RBG (mmol/L) 6.398±2.304 6.926±2.688 6.554±2.131 3.604 0.165

LHS (days) 4.622±1.342 8.844±1.399 15.440±4.058 361.817 0.000

MV 2.250 0.325

Non-ventilation [n (%)] 105 (94.59%) 200 (91.74%) 89 (89.00%)

NIPPV [n (%)] 6 (5.41%) 18 (8.26%) 10 (10.00%)

IPPV [n (%)] 0 (0.00%) 0 (0.00%) 1 (1.00%)

Abbreviations: WBC, white blood cells; NS, neutrophils; LYM, lymphocytes; EOS, eosinophils; NLR, neutrophil–lymphocyte ratio; RBC, red blood cell; HB, hemoglobin;
HCT, hematocrit; PLT, platelets; PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ABG, arterial blood gas; AB, actual standard bicarbonate;
SB, standard bicarbonate; AG, anion gap; Na, sodium ions; K, potassium ions; Ca, calcium ions; Mg, magnesium ions; ALB, albumin; BUN, blood urea nitrogen; Cr, creatinine;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; IBIL, indirect bilirubin; DBIL, direct bilirubin; RBG, random blood glucose; LHS, length of
hospital stay; MV, mechanical ventilation; NIPPV, non-invasive positive pressure ventilation; IPPV, invasive positive pressure ventilation.

Table 3 Ordinal Logistics Regression Analysis of Independent Factors Associated with LHS in AECOPD (N= 429)

OR Sig OR 95% CI

Age 1.00000 0.932 0.99005~1.01106

NS 1.01918 0.386 0.97629~1.06290

NLR 0.98118 0.039 0.96271~0.99900

Lymphocytes (%) 0.99005 0.169 0.97531~1.00401

ESR 1.00702 0.017 1.00100~1.01207

PCT 0.96175 0.683 0.79852~1.15835

ALB 0.97922 0.104 0.95504~1.00401

CCP 1.33242 0.044 1.00702~1.76121

Hypertension 1.32313 0.009 1.07358~1.63068

CAP 0.93053 0.512 0.75051~1.15373

Abbreviations: NS, neutrophils; NLR, neutrophil–lymphocyte ratio; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; ALB, albumin; CCP, chronic cor pulmonale;
CAP, community acquired pneumonia; LHS, length of hospital stay.
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According to the GOLD recommendations, the prevalence of COPD is 11.7% (95% CI 8.4% to 15.0%), indicating
that approximately 384 million people suffer from COPD globally.3,33 AECOPD is also a major cause of admission in
COPD patients. Mounting evidence showed that LHS was independently associated with the severity, cost burden, in-
hospital mortality, and readmission rates of COPD.20 Some studies reported that comorbidities were independently
associated with LHS in AECOPD patients.22,34 In a retrospective study, Wang et al showed that heart failure, diabetes,
stroke, increased PaCO2, and reduced ALB were independent risk factors for prolonged LHS in AECOPD patients.22

Meanwhile, in a longitudinal retrospective observational study, Inabnit et al revealed that LHS was significantly
correlated with the number of comorbidities in COPD patients.34 Furthermore, they also noticed that congestive heart
failure, fluid and electrolyte disorders, and renal failure were associated with 28%, 20%, and 50% greater LHS in COPD,
respectively. However, the variables obtained in these studies were not comprehensive. Hence, some potentially
important risk factors and predictors were not identified in these studies. Furthermore, to date, the risk factors associated
with prolonged LHS have not been well explored in Chinese patients with AECOPD. In the present study, comprehensive
data including demographic data, underlying diseases, comorbidities, symptoms, lung function (GOLD stages), labora-
tory parameters, and CT scans were collected.

The acknowledged definition of prolonged LHS has not yet been unified. Various definitions of prolonged LHS in
COPD have been used in different studies.21,22,35 In a retrospective longitudinal study, COPD patients registered by
London general practitioners and patients admitted to the emergency room with COPD from 2006 to 2010 were
screened.35 It was found that the average LHS was 7 days in COPD patients. Meanwhile, in a prospective study at the
Hospital Clinic of Barcelona, 7 days was also used as the cutoff for prolonged LHS in AECOPD patients.21 However, in
another retrospective study, 11 days was used to define prolonged LHS in AECOPD patients.22 Therefore, two cutoffs of
prolonged LHS, both 7 and 11 days, were considered in our study. Our ordinal logistic regression revealed that NLR,
ESR, and rates of hypertension and CCP were independently associated with prolonged LHS in patients with AECOPD.

Hypertension is considered to be the most common comorbidity of COPD and is potentially associated with the
prognosis of COPD patients.3,36,37 In a retrospective cohort study, 314 AECOPD patients in Switzerland were screened.36

They found that new or worsening hypertension was an independent risk factor for re-exacerbation in AECOPD patients.
Meanwhile, in a cross-sectional study, the association between COPD and comorbidities (represented by Charlson
comorbidity scores) was explored.37 The results revealed that Charlson comorbidity scores in COPD patients were
higher than in non-COPD patients. Furthermore, more than 40% of patients with COPD had cardiovascular disease,

Figure 2 NLR and ESR in AECOPD patients. (A) NLR; (B) ESR.
Abbreviations: NLR, neutrophil–lymphocyte ratio; ESR, erythrocyte sedimentation rate; LHS, length of hospital stay.
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hypertension, and hyperlipidemia. Several studies have found that low-grade systemic inflammation substantially
contributes to the pathogenesis of both hypertension and COPD. Barnes et al showed that arterial constriction, which
resulted from COPD-induced airway inflammation, lung hyperinflation, systemic inflammation, endothelial dysfunction,
and oxidative stress, was essential for hypertension in COPD patients.38 Furthermore, several studies also revealed the
benefits of blood pressure control in AECOPD patients with hypertension.39 It was found that angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs) were negatively associated with LHS in AECOPD
combined with hypertension. In a retrospective national cohort study, Mortensen et al showed that ARBs and ACE
inhibitors were associated with decreased mortality in hospitalized AECOPD patients with hypertension.39 Furthermore,
some studies revealed that diastolic dysfunction as a result of hypertension led to exercise intolerance and increased
LHSs in AECOPD patients.3,40,41 Consistently, our results also identified that hypertension was an independent predictor
of prolonged LHS, indicating the importance and value of optimal blood pressure control in hospitalized AECOPD
patients with hypertension. Further studies focusing on blood pressure management in AECOPD combined with
hypertension are warranted.

The effect of CCP on COPD prognosis has not been well explored. CCP was defined as right ventricle hypertrophy
resulting from diseases affecting the function and/or structure of the lungs, except when these pulmonary alterations are
the result of diseases that primarily affect the left side of the heart.9,31 In this study, the diagnosis of CCP was based on
the clinical presentation, echocardiography, and electrocardiography findings.9,31,32 In advanced COPD, endothelial
dysfunction, pulmonary arteriole constriction, and vascular remodeling, which are characterized by intimal hyperplasia
and vascular smooth muscle hypertrophy/hyperplasia, are induced by hypoxia and persistent chronic pulmonary
inflammation, eventually leading to pulmonary hypertension (PH). In chronic pulmonary diseases such as COPD and
idiopathic pulmonary fibrosis, PH and CCP are considered to be a single disease in different stages.31 Progressive PH can
cause right ventricular hypertrophy and eventually lead to right cardiac failure. Lung disease-associated PH is defined as
a mean pulmonary arterial pressure greater than 20 mmHg at rest. Additionally, it was reported that the diameter of the
pulmonary artery was independently associated with acute exacerbation in COPD.42 In this study, our data found that
CCP was independently associated with prolonged LHS in patients with AECOPD. This result indicates that CCP
represents more severe illnesses and worse outcomes in patients with AECOPD. Advanced treatment and intensive care
should be provided early on admission.

Some studies have shown that increased neutrophils and decreased lymphocytes, particularly CD3+ cells and
CCR5+CD3+ cells, were observed in the submucosa of the airway in COPD.43 Meanwhile, these pathological
alterations were more obvious in patients with severe stage COPD.43 Therefore, a high NLR represented severe
inflammation and less immunity.44 It was found that the NLR was associated with worse prognosis, such as mortality,
in hospitalized AECOPD patients.45 Karauda et al found that the NLR showed high sensitivity and specificity in the
prediction of in-hospital death in AECOPD patients.46 Lu et al revealed that the NLR was higher in frequent
exacerbators than in non-frequent exacerbators with COPD.47 Meanwhile, they also noticed that increased NLR was
associated with worse outcomes. Collectively, the NLR was considered a good predictor of the severity and outcomes
of AECOPD.46,47 Additionally, the ESR is one of the most commonly used inflammatory parameters in clinical
practice. Taylan et al showed that the ESR was significantly higher in AECOPD patients than in stable COPD and
healthy control subjects.48 In this study, our findings also showed that the NLR and ESR were independent predictors
of prolonged LHS in AECOPD patients. Furthermore, the NLR and ESR in the MP-LHS and SP-LHS groups were
noticeably higher than those in the N-LHS group (Figure 2). Collectively, these results support that the NLR and ESR
are promising predictors of LHS and its severity in hospitalized AECOPD patients. These results also indicate that
systemic inflammatory status is independently associated with the prognosis and outcomes of AECOPD. Additional
studies with larger populations are required to validate these findings.

To our knowledge, this is the first multicenter cross-sectional study to explore the risk factors for prolonged LHS in
Chinese AECOPD patients. Meanwhile, two cutoffs of prolonged LHS, 7 and 11 days, were considered, making our data
more convincing, which was one of the major strengths of this study. Additionally, comprehensive data such as
demographic data, underlying diseases, comorbidities, symptoms, lung function, and laboratory data were collected. In
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particular, chest CT was performed in each patient, which effectively promoted and improved diagnostic accuracy and
reduced the number of confounders.

This study has several limitations. First, the etiologies of acute exacerbation, which are potentially associated with
LHS and the prognosis of AECOPD, were not explored in this study. Data on the treatment and therapies applied to
AECOPD patients in stable phases were not analyzed. This study was performed only in tertiary general hospitals in
China. Therefore, the results cannot be generalized to primary health care facilities. Additionally, only Chinese patients
with AECOPD were included in this study. Thus, the results cannot be generalized to other ethnic groups.

Taken together, our results identified that NLR, ESR, hypertension, and CCP were independently associated with LHS in
patients with AECOPD. These results indicate that AECOPD in patients with hypertension and/or CCP are more severe,
requiring advanced treatment and care. In addition, we found that a patient’s inflammatory status was associated with their
prognosis and severity of AECOPD, and that antibiotics and anti-inflammatory drugs are critical in the treatment of AECOPD.
However, these findings should be validated in primary healthcare settings and in other ethnic groups in the future.
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