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Purpose: The prognostic value of blood eosinophils in patients with acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) remains controversial. This study aimed to evaluate whether blood eosinophils could predict in-hospital mortality and
other adverse outcomes in inpatients with AECOPD.

Methods: The patients hospitalized for AECOPD were prospectively enrolled from ten medical centers in China. Peripheral blood
eosinophils were detected on admission, and the patients were divided into eosinophilic and non-eosinophilic groups with 2% as the
cutoff value. The primary outcome was all-cause in-hospital mortality.

Results: A total of 12,831 AECOPD inpatients were included. The non-eosinophilic group was associated with higher in-hospital
mortality than the eosinophilic group in the overall cohort (1.8% vs 0.7%, P < 0.001), the subgroup with pneumonia (2.3% vs 0.9%,
P = 0.016) or with respiratory failure (2.2% vs 1.1%, P = 0.009), but not in the subgroup with ICU admission (8.4% vs 4.5%, P =
0.080). The lack of association still remained even after adjusting for confounding factors in subgroup with ICU admission. Being
consistent across the overall cohort and all subgroups, non-eosinophilic AECOPD was also related to greater rates of invasive
mechanical ventilation (4.3% vs 1.3%, P < 0.001), ICU admission (8.9% vs 4.2%, P < 0.001), and, unexpectedly, systemic
corticosteroid usage (45.3% vs 31.7%, P < 0.001). Non-eosinophilic AECOPD was associated with longer hospital stay in the overall
cohort and subgroup with respiratory failure (both P < 0.001) but not in those with pneumonia (P = 0.341) or ICU admission (P =
0.934).

Conclusion: Peripheral blood eosinophils on admission may be used as an effective biomarker to predict in-hospital mortality in most
AECOPD inpatients, but not in patients admitted into ICU. Eosinophil-guided corticosteroid therapy should be further studied to better
guide the administration of corticosteroids in clinical practice.
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Introduction
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are associated with substantial morbidity and
mortality, and poor quality of life worldwide.'” Early identification of severe patients with a high risk of adverse
outcomes is crucial, as it can help physicians choose appropriate treatment strategies and reduce in-hospital mortality.
In recent decades, numerous studies have focused on the relationship between eosinophils and the clinical outcomes
of chronic obstructive pulmonary disease (COPD) patients. Sputum eosinophils can be used to predict the response to
corticosteroids therapy in patients with stable COPD.>* Bafadhel et al believed that the most sensitive and specific
measure to determine sputum eosinophilia at exacerbation was the percentage peripheral blood eosinophil count.’
Compared with sputum eosinophils, peripheral blood eosinophils can be easily obtained by a routine blood test and is
also an economical biomarker. Blood eosinophils are currently used as a biomarker for the response to inhale
corticosteroids (ICS) and exacerbation risk in stable COPD,® '* which is recommended by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD).> However, the effect of blood eosinophils in stable COPD and COPD with
acute exacerbation may be different. The relationship between peripheral blood eosinophils and the clinical prognosis of
AECOPD npatients is still controversial. Studies have shown that a low ecosinophil count is associated with higher
mortality and longer hospital stays in patients with AECOPD.'""'? Other studies found that peripheral eosinophils are not
associated with the prognosis of AECOPD.'*>"!'> Moreover, the association between blood eosinophils and clinical
outcomes of AECOPD varies among different AECOPD populations, such as unselected inpatients,® patients with

12 or patients with community-acquired pneumonia.'® Furthermore, it is worth

intensive care unit (ICU) admission,
noting that most of these studies focusing on the association between blood eosinophils and clinical outcomes of
AECOPD are single-center studies with small sample sizes.'''>'*"!7 Therefore, the prognostic value of peripheral
blood eosinophils in AECOPD inpatients remains to be clarified.

The primary aim of the present study was to explore the association between peripheral blood eosinophils and in-
hospital adverse outcomes in total AECOPD inpatients and different subgroups through a large prospective multicenter

cohort study.

Methods

Ethical Considerations

Our study was approved by Ethics Committee on Biomedical Research, West China Hospital of Sichuan University
(2019 Annual Audit No. 1056) and the institutional review boards of other nine academic medical centers that
participated. Written informed consent was obtained from all patients. This study complies with the Declaration of
Helsinki.

Patients and Study Design

Patient inclusion was based on the prospective, multicenter cohort study MAGNET AECOPD (MAnaGement aNd
advErse ouTcomes in inpatients with acute exacerbation of COPD) Registry study in China (ChiCTR2100044625).'®
This study prospectively included patients hospitalized for AECOPD in 10 large tertiary general hospitals in China from
September 2017 to July 2021. The major aims of this registry study were to investigate the management and adverse
outcomes (including mortality, ICU admission, invasive mechanical ventilation, readmission, etc.) of inpatients with
AECOPD and to establish and validate early warning models of these adverse outcomes, while the current study mainly
focused on the association of peripheral blood eosinophils on admission with in-hospital adverse outcomes in inpatients
with AECOPD. This study was approved by the institutional review boards of all academic medical centers that
participated.
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The diagnosis of AECOPD was based on the following criteria in all the ten medical centers that participated: (1)
a history of COPD defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria;”
and (2) an acute worsening of respiratory symptoms that required additional treatment. The exclusion criteria were as
follows: (1) patients aged < 18 years; (2) patients with missing eosinophil data; (3) patients with any of the following
diseases: asthma, allergic disorders, autoimmune diseases, or hematologic disorders; and (4) patients who received
systemic corticosteroids prior to admission. The admission and treatment of patients were at the discretion of the
attending physicians, and no additional direct intervention was performed.

Complete blood cell count including peripheral blood eosinophils (EOS) were detected for each patient on admission
(usually within 24 h of admission) as a part of the routine medical practice. The AECOPD patients were divided into
eosinophilic group (EOS > 2%) and non-eosinophilic group (EOS < 2%) based the on-admission peripheral blood
eosinophil percentage in leukocytes.

Study Outcomes

The primary outcome was all cause in-hospital mortality. The secondary outcomes included ICU admission, invasive
mechanical ventilation, length of hospital stay, and use of systemic corticosteroids. We analyzed the relationships
between peripheral blood eosinophils and these clinical outcomes in the total inpatients with AECOPD and subgroups
with pneumonia, respiratory failure or ICU admission.

Statistical Analyses

Statistical analysis of this study was conducted using SPSS 26.0 (IBM, NY, USA). Continuous variables were compared
by two independent sample T tests or rank sum tests and expressed as the mean + standard deviation or median plus
quartile interval. Discrete variables were compared by the chi-square test and expressed as percentages. To further
explore the associations of peripheral blood eosinophils with in-hospital mortality in the overall cohort and the other
three subgroups, multivariate Cox regression was performed to adjust confounding factors. According to the multivariate
Cox analysis, the adjusted hazard ratio (HR) values and 95% confidence interval (95% CI) for each group of patients
were calculated. P < 0.05 was deemed statistically significant.

Results

Clinical Characteristics of Patients with Eosinophilic and Non-Eosinophilic AECOPD
A total of 14,007 AECOPD patients were enrolled in the original registry study, and 1176 patients were excluded for the
following reasons: 1) age < 18 years (n = 1); 2) missing data of eosinophil (n = 286); 3) asthma, allergic disorders,
autoimmune diseases or hematologic disorders (n = 671); and 4) systemic corticosteroids prior to admission (n = 218), as
shown in Figure 1. Finally, 12,831 patients were included in this study, among whom 4223 (32.9%) patients had
eosinophilic AECOPD (EOS > 2%) and 8608 (67.1%) had non-eosinophilic AECOPD (EOS < 2%).

The patient characteristics in the overall population and patients with eosinophilic and non-eosinophilic AECOPD are
listed in Table 1. Patients with non-eosinophilic AECOPD tended to be older, with a higher rate of female patients, lower
rate of smoking history and lower forced expiratory volume in one second (FEV;) predicted value than patients with
eosinophilic AECOPD (all P < 0.05). No significant differences were observed in FEV,/ forced vital capacity (FVC) or
body mass index (BMI) between the eosinophilic and non-eosinophilic groups. Regarding comorbidities, there were
significant differences in the prevalence of hypertension, coronary heart disease, heart failure, arrhythmia, chronic
pulmonary heart disease, pneumonia, cerebrovascular disease, sepsis and venous thromboembolism (VTE) between
the two groups, which were more frequently observed in patients with non-eosinophilic AECOPD than in patients with
eosinophilic AECOPD. No significant differences were seen in the prevalence of obstructive sleep apnea—hypopnea
syndrome (OSAHS), diabetes, chronic renal insufficiency, malignant tumor history, osteoporosis, anxiety or depression
and gastroesophageal reflux between the two groups. Regarding symptoms and signs on admission, patients with non-
eosinophilic AECOPD were more likely to report symptoms of purulent sputum, chest distress, fever, palpitation, and
faster pulse and respiratory rate than patients with eosinophilic AECOPD.
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14007 AECOPD patients included in the MAGNET study

1. Age <18 years (n=1);

2. Missing eosinophil data (n = 286);

3. Patients with asthma or allergic disorders
or autoimmune diseases or hematologic
disorders (n = 671);

4. Patients who received systemic corticosteroids
prior to admission (n = 218).

Excluded (n=1176)

12831 eligible AECOPD patients were included

Non-eosinophilic AECOPD
(EOS <2%) (n = 8608)

Eosinophilic AECOPD
(EOS >2%) (n = 4223)

Figure | Flow chart of the study.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; EOS, eosinophils.

Laboratory Tests of Patients with Eosinophilic and Non-Eosinophilic AECOPD
In terms of laboratory tests (Table 2), the white blood cells (WBC), neutrophils, procalcitonin (PCT), c-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), pH, PaCO2, blood urea nitrogen (BUN), D-dimer and fibrinogen were higher, and platelet

Table | Baseline Characteristics of the Study Population

Total Eosinophilic Non-Eosinophilic P* value
(n=12,831) AECOPD AECOPD

(EOS = 2%) (EOS < 2%)

(n =4223) (n = 8608)
Characteristics
Sex (female) 2599 (20.3%) 693 (16.4%) 1906 (22.1%) <0.001
Age (years) = SD 7256 £ 1027 71.60 £ 10.30 73.03 £ 10.22 < 0.001
Smoking history 7927 (61.8%) 2722 (64.5%) 5205 (60.5%) < 0.001
BMI (kg/m?) £ SD 21.56 + 4.07 21.62 £ 3.96 2151 £4.14 0.277
FEV,/FVC (%) 5291 £ 1341 52.92 + 1420 5291 £ 12.83 0.990
FEV, predicted (%) 48.39 * 23.99 52.75 £ 2543 45.21 +22.44 0.007
Comorbidities
Hypertension 4331 (33.8%) 1361 (32.2%) 2970 (34.5%) 0.010
Coronary heart disease 1441 (11.2%) 435 (10.3%) 1006 (11.7%) 0.019
Heart failure 1465 (11.4%) 381 (9.0%) 1084 (12.6%) <0.001
Arrhythmia 1020 (7.9%) 246 (5.8%) 774 (9.0%) < 0.001
Chronic pulmonary heart 2612 (20.4%) 640 (15.2%) 1972 (22.9%) < 0.001
disease
OSAHS 75 (0.6%) 26 (0.6%) 49 (0.6%) 0.746
Pneumonia 2792 (21.8%) 766 (18.1%) 2026 (23.5%) <0.001
Diabetes 1650 (12.9%) 510 (12.1%) 1140 (13.2%) 0.064
Cerebrovascular disease 772 (6.0%) 224 (5.3%) 548 (6.4%) 0.017
Chronic renal insufficiency 474 (3.7%) 143 (3.4%) 331 (3.8%) 0.195
Sepsis 53 (0.4%) 8 (0.2%) 45 (0.5%) 0.006
Malignancy 661 (5.2%) 217 (5.1%) 444 (5.2%) 0.963
Osteoporosis 308 (2.4%) 103 (2.4%) 205 (2.4%) 0.841
Anxiety or depression 47 (0.4%) 16 (0.4%) 31 (0.4%) 0.869
Gastroesophageal reflux 96 (0.7%) 35 (0.8%) 61 (0.7%) 0.458
Venous thromboembolism 438 (3.4%) 94 (2.2%) 344 (4.0%) < 0.001

(Continued)
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Table | (Continued).

Total Eosinophilic Non-Eosinophilic P* value
(n=12,831) AECOPD AECOPD

(EOS > 2%) (EOS < 2%)

(n =4223) (n = 8608)
Symptoms and signs
Cough 12,109 (94.4%) 4004 (94.8%) 8105 (94.2%) 0.129
Dyspnea 7922 (61.7%) 2568 (60.8%) 5354 (62.2%) 0.128
Purulent sputum 2104 (16.4%) 563 (13.3%) 1541 (17.9%) < 0.001
Wheezing 3053 (23.8%) 963 (22.8%) 2090 (24.3%) 0.065
Chest distress 2761 (21.5%) 843 (20.0%) 1918 (22.3%) 0.003
Fever 1454 (11.3%) 347 (8.2%) 1107 (12.9%) < 0.001
Hemoptysis 354 (2.8%) 119 (2.8%) 235 (2.7%) 0.775
Palpitation 708 (5.5%) 201 (4.8%) 507 (5.9%) 0.008
Pulse (times/min) + SD 89.13 £ 16.63 86.70 + 14.95 90.33 £ 17.27 < 0.001
Respiratory rate (times/min) 20.87 +2.30 20.61 +1.73 21.00 + 2.53 < 0.001
Systolic pressure (mmHg) 132.03 £ 19.49 131.86 + 18.56 132.11 £19.93 0.479
Diastolic pressure (mmHg) 78.72 + 12.60 78.80 + 12.01 78.69 + 12.88 0.627

Notes: *Those with P value < 0.05 were highlighted using the bold font. Data are presented as the number of patients (%), mean + SD.

FEV/FVC, FEV,% predicted are from the stable stage of the patients.

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; EOS, eosinophils; SD, standard deviation; BMI,
body mass index; FEV,, forced expiratory volume in one second; FVC, forced vital capacity; OSAHS, obstructive sleep apnea-hypopnea

syndrome.

Table 2 Laboratory Tests Between Eosinophilic and Non-Eosinophilic Groups

Total Eosinophilic Non-Eosinophilic P* value
(n=12,831) AECOPD AECOPD
(EOS > 2%) (EOS < 2%)
(n = 4223) (n = 8608)
RBC (10'%L) £ SD 428 +0.78 43+0.75 4.28 + 0.79 0.099
Hb (g/L) = SD 127.36 + 22.30 127.71 + 21.54 127.19 + 22.66 0.202
WBC (10°/L) 7.7 (5.9, 10.18) 6.7 (5.37, 8.4) 8.3 (6.3, 11.26) <0.001
Neutrophil (%) 75.1 (65.6, 84.2) 65.1 (58.6, 72.1) 80.3 (72.3, 87.5) <0.001
Platelet (10°/L) = SD 206.22 + 94.28 211.55 £ 91.65 203.61 * 95.44 <0.001
pH 7.41 (7.38, 7.45) 741 (7.37,7.44) 7.42 (7.38, 7.46) <0.001
PaO2 (mmHg) + SD 90.36 * 33.21 89.83 £ 30.57 90.61 + 3441 0.255
PaCO2 (mmHg) + SD | 45.39 + 14.20 44.67 + 1233 45.77 + 15.06 <0.001
Procalcitonin (ng/mL) | 0.1 (0.05, 0.26) 0.07 (0.05, 0.14) 0.11 (0.06, 0.31) <0.001
CRP (mg/L) 12.6 (3.91, 48.03) 7.7 (2.76, 25) 16.17 (4.97, 62.6) <0.001
ESR (mm/h) 31 (13, 60) 29 (13, 55) 32 (13, 62) 0.012
Albumin (g/L) £ SD 36.71 £553 3735 £5.13 3638 £ 57 <0.001
BUN (mmol/L) 5.7 (4.3, 7.65) 5.3 (4.1, 6.92) 5.9 (4.4, 8.09) <0.001
D-dimer (mg/L) 0.73 (0.4, 1.53) 0.63 (0.36, 1.26) 0.79 (0.42, 1.68) <0.001
Fibrinogen (g/L) 3.88 (299, 5.1) 3.75 (2.98, 4.77) 3.96 (2.99, 5.28) <0.001

Notes: *Those with P value < 0.05 were highlighted using the bold font. Data are presented as mean + SD, median (interquartile

range).

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; EOS, eosinophils; RBC, Red-cell count; SD,
standard deviation; Hb, Hemoglobin; WBC, White blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BUN,

blood urea nitrogen.

and albumin were lower in the patients with non-eosinophilic AECOPD than those in patients with eosinophilic AECOPD; the

differences between the two groups were statistically significant (all P <0.05). However, there was no difference observed in red

blood cell (RBC) count, hemoglobin, or PaO2 between the eosinophilic and non-eosinophilic groups.
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Peripheral Blood Eosinophils and Clinical Outcomes

Table 3 and Figure 2 shows the relationships between peripheral blood eosinophils (percentage) and in-hospital mortality and
other clinical outcomes in the overall cohort and subgroups with pneumonia, respiratory failure, or ICU admission. In the
overall cohort, the in-hospital mortality in the non-eosinophilic group was significantly higher than that in the eosinophilic
group, and the difference between the two groups was statistically significant (P < 0.001). The non-eosinophilic patients also
had a greater chance of receiving ICU admission and invasive mechanical ventilation (both P < 0.05). Similar results were
found in the subgroups with pneumonia and respiratory failure. A longer length of stay was observed in the non-eosinophilic
patients in the overall cohort and in patients with respiratory failure. However, for patients with ICU admission, there was no
significant difference in in-hospital mortality between the eosinophilic and non-eosinophilic patients although some trend can
be observed, and the length of stay was not significantly different between the two groups either (all P > 0.05). The most
unexpected finding was that the administration of systemic corticosteroids was more often in patients with non-eosinophilic
AECOPD than in patients with eosinophilic AECOPD, and this finding was consistent across all four populations (Table 3).
The clinical outcomes associated with different absolute counts of eosinophils were also presented in Supplemental Table 1.

Being consistent with the percentage data, we also found that the low absolute blood eosinophil counts (<100/uL) was
associated with higher in-hospital mortality and higher incidence of other in-hospital outcomes, including ICU admission,
invasive mechanical ventilation and systemic corticosteroid usage. However, dose response relationships between absolute
eosinophil counts and outcomes were not observed.

Risk of Clinical Outcomes in the Study Populations After Multivariate Analysis

Figure 3 exhibits the risks of in-hospital mortality in the overall cohort and the other three subgroups with eosinophilic
and non-eosinophilic AECOPD. Non-eosinophilic AECOPD (EOS < 2%) was associated with an increased risk for in-
hospital mortality in the overall cohort (HR = 1.99, 95% CI = 1.34 — 2.96, P = 0.001) after adjusting for age, sex,
pneumonia, heart failure, chronic pulmonary heart disease, sepsis, and diastolic blood pressure (those were risk factors of
in-hospital mortality in this cohort identified by another unpublished paper) by multivariate Cox regression analysis.
Similar results were found in the subgroup with respiratory failure (HR = 1.97, 95% CI = 1.17 — 3.32, P = 0.011).
However, non-eosinophilic AECOPD (EOS < 2%) was not associated with in-hospital mortality in the subgroup with
ICU admission or pneumonia even after multivariate analysis. And the adjusted HRs of other clinical outcomes

Table 3 Clinical Outcomes in the Study Populations

Outcomes In-Hospital ICU Admission | Invasive Mechanical Length of Use of Systemic
Groups Mortality Ventilation Stay (Days) Corticosteroids
Overall cohort Total 182 (1.4%) 944 (7.4%) 425 (3.3%) 9 (6, 13) 5240 (40.8%)
EOS < 2% 152 (1.8%) 766 (8.9%) 368 (4.3%) 9 (7, 14) 3902 (45.3%)
EOS = 2% 30 (0.7%) 178 (4.2%) 57 (1.3%) 8 (6, 12) 1338 (31.7%)
P* value <0.001 < 0.001 < 0.001 <0.001 <0.001
With pneumonia Total 54 (1.9%) 319 (11.4%) 144 (5.2%) Il (8, 15) 1073 (38.4%)
EOS < 2% 47 (2.3%) 257 (12.7%) 121 (6.0%) 11 (8, 15) 864 (42.6%)
EOS 2 2% 7 (0.9%) 62 (8.1%) 23 (3.0%) Il (8, 15) 209 (27.3%)
P* value 0.016 0.001 0.002 0.341 <0.001
With respiratory failure | Total 93 (1.8%) 439 (8.5%) 225 (4.4%) 9(7, 14) 2231 (43.4%)
EOS < 2% 74 (2.2%) 353 (10.3%) 197 (5.7%) 10 (7, 14) 1680 (48.9%)
EOS 22% 19 (1.1%) 86 (5.1%) 28 (1.6%) 9 (6, 13) 551 (32.4%)
P* value 0.009 < 0.001 < 0.001 <0.001 <0.001
With ICU admission Total 72 (7.6%) / 326 (34.5%) 14 (9, 21) 421 (44.6%)
EOS < 2% 64 (8.4%) / 289 (37.7%) 14 (9, 21) 366 (47.8%)
EOS 22% 8 (4.5%) / 37 (20.8%) 13 (9, 21) 55 (30.9%)
P* value 0.08 / < 0.001 0.934 <0.001

Notes: *Those with P value < 0.05 were highlighted using the bold font. Data are presented as the number of patients (%), median (interquartile range).
Abbreviations: EOS, eosinophils; ICU, intensive care unit.
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Figure 2 Clinical outcomes in the study populations ((A-D) Show clinical outcomes in the total patients and subgroups with pneumonia, respiratory failure, and ICU
admission, respectively. *P value < 0.05.).
Abbreviations: ICU, intensive care unit; EOS, eosinophils.

In-hospital mortality

Subgroups HR (95%CI) P-value
Overall cohort non-eosinophilic AECOPD (< 2%) 1.99 (1.34, 2.96) —e— 0.001
eosinophilic AECOPD (= 2%) reference *
With pneumonia non-eosinophilic AECOPD (<2%) 186 (0.83, 4.16) I ¢ y 0.134
eosinophilic AECOPD (> 2%) reference *
With ICU admission non-eosinophilic AECOPD (< 2%) 1.70 (0.80, 3.61) k * i 0.169
eosinophilic AECOPD (> 2%) reference *
With respiratory failure  non-eosinophilic AECOPD (<2%)  1.97(1.17,3.32) —— 0.011
eosinophilic AECOPD (> 2%) reference *
f T T d
0 1 2 3 4

Figure 3 Risk of in-hospital mortality in different study populations with eosinophilic and non-eosinophilic AECOPD.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ICU, intensive care unit; HR, hazard ratio; Cl, confidence interval.

(including ICU admission, invasive mechanical ventilation and systemic corticosteroid usage) were also shown in

Supplemental Figures 1-3 the non-eosinophilic AECOPD was associated with increased risk of those clinical outcomes
in the overall cohort and all the subgroups.

Discussion

This large multicenter cohort study discovered that patients with non-eosinophilic AECOPD had a higher mortality than
those with eosinophilic AECOPD in the overall cohort. Consistent findings were observed in the subgroups with
pneumonia and respiratory failure but not in patients with ICU admission. For the secondary outcomes, being consistent
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across the total population and all subgroups studied here, non-eosinophilic AECOPD was related to greater rates of
invasive mechanical ventilation, ICU admission, and, unexpectedly, systemic corticosteroids usage. Furthermore, non-
eosinophilic AECOPD was associated with longer hospital stays in the overall cohort and subgroup with respiratory
failure, but not in the subgroup with pneumonia and ICU admission.

Some studies have examined the association between blood eosinophils and mortality among AECOPD patients.
However, the results of those studies are inconsistent, especially in different populations with AECOPD. A study found
that eosinopenia (<50/uL) was a strong predictor of 18-month mortality in hospitalized AECOPD patients with
community-acquired pneumonia.'® Similarly, both Yang et al and Salturk et al found that decreased blood eosinophils
were associated with increased in-hospital mortality in AECOPD patients admitted to the ICU.'*'” Some studies
conducted in unselected AECOPD inpatients also revealed that patients with decreased eosinophils had a higher risk
of all-cause hospital mortality.*'"?*?' In contrast, several researchers found that blood eosinophil counts were not

13-15 and Chen et al discovered that on-admission

associated with in-hospital mortality in unselected AECOPD inpatients,
eosinophils were not associated with in-hospital mortality in patients with AECOPD requiring ICU admission.** It is
worth noting that most of these results are from single-center studies or with small sample sizes.'"'*!*"1719-20 While the
prospective and consecutive inclusion of a large number of unselected inpatients with AECOPD from multiple centers in
our study ensured high data quality and should reflect true associations in the real-world setting. Being consistent with
most previous studies, we confirmed that low blood eosinophils are associated with an increased risk of hospital mortality
in total AECOPD patients, and in the subgroups with pneumonia and respiratory failure but not in patients with ICU
admission, which was contrary to Yang et al’s and Salturk et al’s and agrees with Chen’s findings.'*'?*?

Although many studies have found a correlation between peripheral blood eosinophils and mortality in AECOPD
patients, the underlying mechanism is still unclear. One notable feature we observed in our study is that non-eosinophilic
AECOPD patients tend to have increased levels of inflammatory biomarkers, such as leukocytes, neutrophils, procalci-
tonin, CRP and ESR, as well as a higher proportion of pneumonia and sepsis, which may indicate that non-eosinophilic
individuals are more susceptible to infection. Previous studies have demonstrated a strong link between low eosinophils
and infection in various clinical settings and diseases. For example, the studies by Abidi et al and Al Duhailib et al have
discovered that eosinopenia is a reliable marker of sepsis.”> > Another study found that eosinophil counts of less than
2% are potential indicators of severe bacterial infection in AECOPD events.'® Therefore, the high mortality observed in
inpatients with low blood eosinophil count/percent or eosinopenia, in fact, may be just a reflection of the high mortality
associated with severe infection. In the overall cohort, we also observed that non-eosinophilic AECOPD patients were
significantly older and had a higher prevalence of comorbidities such as hypertension, coronary artery disease, heart
failure and pulmonary heart disease, which suggested that the non-eosinophilic group may be more susceptible to severe
infection. Regarding clinical characteristics, non-eosinophilic AECOPD patients were more likely to experience purulent
sputum, fever, palpitations and elevated pulse and respiratory rate; in addition to the inflammatory biomarkers mentioned
above, non-eosinophilic AECOPD patients also had elevated BUN and D-dimer levels and decreased albumin levels. All
these characteristics and biomarkers indicated infection, more severe disease severity, or poor prognosis. Additionally,
the high usage rates of systemic corticosteroids in the non-eosinophilic group may also contribute to the high mortality in
this group of patients, which will be explained in detail later. However, in the subgroup with ICU admission, we failed to
find an association of low eosinophils with in-hospital mortality, even after adjusting for confounding factors. This could
possibly be due to stronger prognostic determinants existing in this population. The relatively small sample size (a total
of 944 patients admitted into the ICU) in our study and different cutoff values of low eosinophils from other studies may
be other explanations. In our study, we used the most widely used cutoff values of eosinophil percentage (2%) instead of
0.35% by Yang et al.'* Further studies with larger sample sizes of AECOPD patients admitted into the ICU are warranted
to figure out the association between blood eosinophils and in-hospital mortality and to determine the appropriate cutoff
threshold.

Non-eosinophilic AECOPD was additionally associated with higher rates of invasive mechanical ventilation, ICU
admission, and a longer stay in the overall cohort and most of the subgroups studied here, which was in agreement with
previous studies.®'>2*?® Non-eosinophilic AECOPD was not associated with longer hospital stay in the subgroup with
pneumonia and ICU admission, and the reasons may be similar to the explanations for the lack of associations between
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blood eosinophils and in-hospital mortality in the subgroup with ICU admission. Further research is needed to explore
the link between blood eosinophils and the duration of stay in the AECOPD patients with pneumonia and ICU admission.

The most unexpected finding of this large real-world study is that non-eosinophilic AECOPD was associated with
greater systemic corticosteroids usage, which was consistently observed in the overall cohort and all the subgroups.
Numerous studies have demonstrated that eosinophilic AECOPD responds well to corticosteroids, including inhaled and

systemic corticosteroids, resulting in a better prognosis,™*° 2

while non-eosinophilic AECOPD responds poorly to
corticosteroids. Thus, eosinophil-guided corticosteroid therapy in patients admitted to the hospital with AECOPD has
been proposed by some studies. However, our findings suggested that, in the clinical practice of the real world, clinicians
tend to administer systemic corticosteroids to AECOPD patients with more severe disease (that is, those with EOS < 2%
and older and more comorbidities, more symptoms, and higher inflammatory indicators, etc.) rather than those who need
them most (those with EOS > 2%), which are probably not beneficial and perhaps even harmful due to the notorious side
effects of systemic corticosteroids. One randomized trial*® used blood eosinophils to direct systemic corticosteroid
treatment in patients with moderate exacerbations of COPD and found increased harm in patients with a low blood
eosinophil count (EOS < 2%) who received systemic corticosteroid treatment. This highlights the necessity of prospec-
tive trials and more robust conclusions to guide the administration of systemic corticosteroids based on peripheral blood
eosinophil levels during AECOPD.

This study has strengths. First, this is a multicenter, large-sample, real-world study, and the prospective and
consecutive inclusion of unselected inpatients with AECOPD and comprehensive collection of information, including
baseline demographics, comorbidities and laboratory tests, outcomes, etc., ensured high data quality and true associations
in the real-world setting. Second, in addition to the overall cohort, we also performed multiple subgroup analyses to
verify the relationship between peripheral blood eosinophils and adverse outcomes in the subgroups with pneumonia,
respiratory failure, and ICU admission. This study also has some limitations. Because of the observational noninterven-
tional design of this study, our findings of increased risk of in-hospital mortality related to low eosinophil counts do not
imply causality, and we can only speculate about the underlying mechanisms that explain these associations. In addition,
the lack of follow-up data prevented us from further evaluating the association of blood eosinophil counts with the long-
term outcome of AECOPD patients after discharge, which, however, is currently ongoing.

Conclusion

Low peripheral blood eosinophils on admission (EOS < 2%) may be an effective and convenient biomarker to predict
poor prognosis in most AECOPD inpatients, but not in patients admitted into the ICU, and further studies are warranted
to identify the prognostic value of blood eosinophils in these patients. In addition, eosinophil-guided corticosteroid
therapy should be further studied and optimized to better guide the administration of corticosteroids in clinical practice of
real-world.
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