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Purpose: The impacts of high blood eosinophil count (HBEC) at admission for COPD 

exacerbation on posthospitalization outcomes are still unclear. Previous studies have focused 

on its associations with first readmission rates; yet, its impacts on longitudinal outcomes such as 

subsequent readmissions still have to be explored. The main objective of this study is to investi-

gate outcomes associated with HBEC following a first hospitalization for COPD exacerbation.

Patients and methods: This is an observational cohort study design. We retrospectively 

analyzed data of patients with a first hospitalization within 5 years for COPD exacerbation 

between April 2006 and March 2013. Patients were stratified into the HBEC group if the blood 

eosinophil count at admission was 200 cells/µL and/or 2% of the total white blood cells. 

With information on exact dates of subsequent hospitalizations and death, we modeled readmis-

sions and death as states in a multi-state Markov model and estimated transition probabilities 

to the next states. Sensitivity analyses were performed by varying thresholds for the definition 

of HBEC (300 cells/µL and/or 3%).

Results: A total of 479 patients were included, of which 173 had HBEC. The transition prob-

abilities for a first readmission was 74% (95% CI, 66%–83%) for patients with HBEC vs 70% 

(95% CI, 63%–77%) for patients with normal blood eosinophil count (NBEC). The transition 

probabilities for a second readmission were 91% (95% CI, 84%–100%) for HBEC patients in 

contrast with 83% (95% CI, 74%–92%) for NBEC patients. Meanwhile, transition probability 

for death was lower in patients with HBEC. The differences enlarged in sensitivity analyses 

with higher cutoff.

Conclusion: Greater blood eosinophil cell counts during a first hospitalization for COPD 

predict increased susceptibility to up to two readmissions. These patients may however have 

a lower risk of death.

Keywords: COPD, blood eosinophil cell count, exacerbations, readmissions, death, multi-state 

Markov model, transition probability, observational cohort study, clinical data, administrative data

Introduction
COPD results in irreversible decline in lung function,1 affects 210 million people 

worldwide, and is the major cause of 5% of all deaths according to the WHO.2 COPD 

accounts for the highest rates of hospitalization and highest number of readmissions 

in Canada among all chronic illnesses.3 The 30-day readmission rates are as high as 

20% in the USA4 and pay-for-performance programs have begun targeting COPD 

outcomes.5 In Canada, it was found that one hospitalization for acute exacerbation 

could cost up to $14,266.6 It has been estimated that COPD will become the third 

leading cause of death worldwide in 2030.7 One of the difficulties in managing COPD 
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is the heterogeneity of this complex disease in terms of its 

progression;8–10 this complexity is also evident in acute 

exacerbations of COPD.11

Given the high rates of hospitalization and high number 

of readmissions among all chronic illnesses, it is of primary 

importance to find a biomarker that could predict readmis-

sion outcomes and direct targeted treatment strategies.12 

While classically neutrophilic, an important subset of COPD 

patients demonstrates eosinophilic inflammatory profile.13 

Sputum eosinophilia is not available in many cases;14 mean-

while, studies have demonstrated that patients with high 

blood eosinophil levels behave similarly in comparison to 

those with high sputum eosinophil.15–20

The impact of blood eosinophil levels on readmission 

rates is an ongoing research question: some studies showed 

increased readmissions;21–23 others did not find significant 

effect;19 and another study found negative association 

between readmissions and eosinophilic exacerbations.24 

Among these conflicting results, Couillard et al21 argued that 

a potential confounding factor might be the timing of cortico-

steroid administration, which could have masked peripheral 

eosinophilia. Excluding the patients who recently received 

systemic corticosteroids, they found a significant increase in 

1-year COPD readmission associated with high blood eosino-

phil counts (HBECs). Using a bigger sample of patients, two 

follow-up studies found that eosinophilia at admission for a 

first severe exacerbation of COPD, when assessed in a time 

frame free of systemic corticosteroids, was associated with 

a significant increase in 1-year readmission for COPD and 

a shorter time to first COPD-related readmission;12 addi-

tionally, eosinophilic patients were associated with higher 

readmission costs.25

While long-term survival of COPD patients was studied 

occasionally,26 few studies have explored COPD-related 

readmissions apart from the first readmission. It is nonethe-

less meaningful to extend our focus beyond the yes/no ques-

tion of the first readmission. Additionally, existing studies 

typically analyzed the outcomes one by one (hospital release, 

stay out of hospital, readmissions, death, etc), yet it would be 

of interest to avoid studying different outcomes separately 

because one state affects another; for example, a patient’s 

death eliminates the possibility of subsequent readmissions. 

Going one step further from our previous works,12,21,25 we are 

interested in knowing whether HBEC is not just associated 

with the first readmission within 12 months, but also implies 

a lasting effect on increased readmission rates. The present 

study implicates two readmissions following the first release. 

The admission and the readmissions, together with the time 

out of hospital and death, were all modeled simultaneously 

as different states of the patients thanks to the multi-state 

statistical approach.

Patients and methods
study design and data sources
This is a noninterventional observational cohort study using 

linked real-world clinical and medical administrative data. 

The study cohort was extracted from the electronic medical 

records located at the Centre Hospitalier Universitaire de 

Sherbrooke (CHUS) and included all patients hospitalized 

for COPD for the first time at the CHUS between April 

2006 and March 2013. Data were linked to the provincial 

administrative data acquired from the Régie de l’assurance 

maladie du Québec (RAMQ) and the Ministère de la Santé 

et des Services Sociaux to obtain all healthcare services used 

and outcomes. Additional data collected by manual extrac-

tion from medical charts consisted of smoking status; home 

oxygen use; baseline pulmonary function test (PFT) results 

up to 1 year following index hospitalization (PFT used, in 

order of priority: most recent PFT 5 years prior to admis-

sion, PFT 1 year after discharge, and PFT between 1998 

and 5 years prior); baseline and discharge inhaler therapy; 

corticosteroid use within 48 hours before index admission, 

inpatient definitive treatment components, such as cortico-

steroids and/or antimicrobial agents; and date and time of the 

first corticosteroid dose. Using a unique encrypted identifier, 

patient files from different sources were linked to provide 

demographic characteristics, medical, and clinical informa-

tion. This project was approved by the institutional ethics 

committee (Comité d’éthique de la recherche du CIUSSS de 

l’Estrie – CHUS #2014-696, 13-181). AstraZeneca funded 

the study. However, the sponsor did not have any participa-

tion in the elaboration of the protocol, the data collection, 

the statistical analyses, nor the redaction of the manuscript.

study population
Inclusion and exclusion criteria
The inclusion criteria were the following: all patients 

40–84 years old having been hospitalized for COPD (main 

diagnosis ICD-10: J40–J44, COPD according to spirom-

etry results, and current or former smokers with at least 

10-pack-year) at the CHUS between April 2006 and March 

2013, discharged alive, and without a previous hospitaliza-

tion for asthma in the past 5 years. As done previously, the 

choice to include only patients treated with at least two 

respiratory drugs during hospitalization was made to increase 

the likelihood of a correct COPD diagnosis.27,28 Respiratory 

drugs were short acting beta agonist (SABA), long acting 

beta agonist (LABA), long acting muscarinic antagonists, 
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inhaled corticosteroid (ICS), and theophylline. Further 

exclusion criteria were defined as follows: pneumonia, 

absence of obstructive pattern on PFT results, absence of 

a valid PFT result any time between 1998 and 1 year after 

the index hospitalization, COPD without exacerbation, and 

subjects mislabelled as COPD (never smokers with or without 

obstructive spirometry results and no mention of COPD in 

medical records). Patients purely labelled as asthmatics were 

also excluded, but we included patients with asthma–COPD 

overlap. In order to recruit only patients with a “first” COPD 

hospitalization, we excluded those that were hospitalized for 

COPD in the previous 5 years before the index hospitaliza-

tion. To be able to accurately measure the blood eosinophil 

levels, we also excluded patients not “corticosteroid-free” at 

the time of blood sampling (defined as systemic corticosteroid 

use between 1 and 48 hours before the blood sampling).

hBeC and normal blood eosinophil 
count (nBeC)
The main stratifying variable in our study was binary (yes/no) 

and related to the blood eosinophil cell count 200 cells/mL 

and/or 2% of the total white blood cell (WBC) count on 

the first inpatient complete blood count available during 

the index hospitalization (including emergency department 

care). This threshold has previously shown high sensitivity 

for predicting sputum eosinophilia and was thus considered 

to indicate an “eosinophilic COPD patient”.14

Outcomes
The patients have six possible Markov states29 in our study. 

Dates of admission and release are available from the hospital 

data allowing us to observe states and transitions. Patients in 

state 1 are admitted for the first time; patients in state 2 are 

released from the first hospitalization (out of first admission). 

State 3 indicates the first COPD-related readmission and 

patients in state 4 are released from their first COPD-related 

readmission (out of first readmission). State 5 indicates the 

second COPD-related readmission, and state 6 is death, which 

is the absorbing state. The date of death was obtained from 

hospital record of the patients and the RAMQ demographic 

database. For patients who were admitted and released on the 

same day, we count the length of stay as 0.5 day.

Covariables
Covariables that have been considered in statistical models 

are age, sex, intensity of used care index (NIRRU), Charlson 

comorbidity index (CCI), WBC index (maximum value), 

and a set of binary variables (yes/no) including intensive 

care unit stay, pneumonia, mental health diagnosis, WBC 

index 10, severe COPD (yes if saturated pulse O
2
 90 

or arterial pH 7.35, no otherwise), thorax scan, occu-

pational therapist consultation, nutritionist consultation, 

physiotherapist consultation, social worker consultation, 

Bilevel Positive Airway Pressure (BiPAP), intubation and 

mechanical ventilation, oxygen, SABA, LABA, theophyl-

line, ICS, long-acting anticholinergics, leukotriene receptor 

antagonists, oral corticosteroid (OCS), intravenous cortico-

steroid; antibiotic or antiviral, vaccine (flu or pneumonia), 

beta blocker, angiotensin converting enzyme inhibitor, 

statin, and benzodiazepine. These variables were selected 

because they may possibly influence the transitions of the 

states. The D’Hoore et al version of the CCI30 was calculated 

using diagnoses reported during a hospitalization or during 

a physician’s visit in the year prior and including the index 

hospitalization. The NIRRU measures the relative amount 

of resources used during a hospitalization.

statistical analyses
The study variables were compared between patients with 

HBEC and NBEC using the chi-squared test for categorical 

variables and the Wilcoxon rank test for continuous variables. 

Descriptive and summary analyses were performed at dif-

ferent time points to show the percentage of patients in each 

state, and comparisons were made between patients with 

HBEC and NBEC. Multi-state Markov model29 was applied 

to describe the process where the patients move through the 

six states in continuous time. The risk of moving from a state 

to another state was obtained from the matrix of transition 

intensities associated with the multi-state Markov model 

where the transition intensities are equivalent to hazard/

probability for a survival model;31 hence, we use the term 

transition probability to the next state from here onwards 

for ease of the readers. CIs of the transition probability are 

estimated with the delta method. Observed and expected 

frequencies were compared with Fisher’s exact test. It should 

be avoided to have too many parameters in a Markov model 

when estimating the transition probabilities;32 in our case, 

three co-variables were included in the analysis each time 

to control for potential confounders. The three co-variables 

are age, sex, and a covariate that statistically distinguish 

(P0.1) HBEC patients from NBEC patients. All analyses 

were performed with the R package msm (version 3.4.3).

sensitivity analyses
Sensitivity analyses on primary outcomes were per-

formed with different definitions of HBEC, particu-

larly 300 cells/mL or 3% of WBC. Sputum eosinophil 
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3% is considered as an accepted and standard threshold33,34 

though there is still debate about the best eosinophil cutoff 

level and the choice may vary from one study to another.

To control for potential confounders, stepwise logistic 

regression predicting the first COPD-related readmission 

was implemented with backward selection starting from all 

variables in Table 1; three-suites of variables were chosen 

among the variables that remained after the backward selec-

tion. Random choices of three-suites of variables among all 

variables were also performed to check for robustness of the 

results; this included all three-suites, where age, sex, and 

another variable were put together; the reason is that some 

Table 1 Patients’ characteristics

Variables Total 
(n=479)

300 cells/mL and/or 3% 200 cells/mL and/or 2%

HBEC 
(n=103)

NBEC 
(n=376)

P-value HBEC 
(n=173)

NBEC 
(n=306)

P-value

age (years) 68.9±9.4 69.6±9.1 68.8±9.5 0.422 68.7±9.4 69.1±9.4 0.678
WBC 12.7±5.4 13±6.2 12.6±5.2 0.921 12.9±5.8 12.6±5.2 0.897
CCI 0.9±1.4 0.8±1.1 0.9±1.5 0.922 0.9±1.4 0.8±1.4 0.106
nIrrU 1.0±0.8 1.0±0.9 1.0±0.8 0.070 1.0±0.8 1.0±0.8 0.540
FeV1 51.2±16.8 55.0±18.5 50.1±16.2 0.010 52.0±17.4 50.7±16.5 0.397
FeV1/FVC (%) 47.0±12.1 48.1±13.7 46.7±11.6 0.352 47.0±12.9 47.0±11.6 0.964
Male 249 (52.0) 61 (59.2) 188 (50.0) 0.097 98 (56.6) 151 (49.3) 0.124
ICU 38 (7.9) 8 (7.8) 30 (8.0) 0.944 11 (6.4) 27 (8.8) 0.338
Pneumonia 6 (1.3) 0 (0) 6 (1.6) 0.197 2 (1.2) 4 (1.3) 0.886
Mental health diagnosis 255 (53.2) 55 (53.4) 200 (53.2) 0.970 94 (54.3) 161 (52.6) 0.717
WBC10 304 (63.5) 63 (61.2) 241 (64.1) 0.584 105 (60.7) 199 (65.0) 0.343
severe COPD 239 (49.9) 44 (42.7) 195 (51.9) 0.100 82 (47.4) 157 (51.3) 0.411
CT thorax scan 54 (11.3) 15 (14.6) 39 (10.4) 0.233 24 (13.9) 30 (9.8) 0.176
Occupational therapist 5 (1.0) 1 (1.0) 4 (1.1) 0.934 2 (1.2) 3 (1.0) 0.856
nutritionist 16 (3.3) 1 (1.0) 15 (4.0) 0.131 4 (2.3) 12 (3.9) 0.346
Physiotherapist 35 (7.3) 4 (3.9) 31 (8.2) 0.132 12 (6.9) 23 (7.5) 0.815
social worker 28 (5.8) 6 (5.8) 22 (5.9) 0.992 11 (6.4) 17 (5.6) 0.719
BiPaP 55 (11.5) 6 (5.8) 49 (13.0) 0.042 12 (6.9) 43 (14.1) 0.019
Intubation and mechanical ventilation 69 (14.4) 9 (8.7) 60 (16.0) 0.064 17 (9.8) 52 (17.0) 0.032
gOlD stage (by FeV1) 0.136 0.726

I 30 (6.3) 11 (10.7) 19 (5.0) 13 (7.5) 17 (5.6)
II 216 (45.1) 49 (47.6) 167 (44.4) 80 (46.2) 136 (44.4)
III 196 (40.9) 36 (35.0) 160 (42.6) 66 (38.2) 130 (42.5)
IV 37 (7.7) 7 (6.8) 30 (8.0) 14 (8.1) 23 (7.5)

Oxygen during hospitalization 441 (92.1) 95 (92.2) 346 (92.0) 0.944 158 (91.3) 283 (92.5) 0.653
saBa 478 (99.8) 103 (100) 375 (99.7) 0.600 172 (99.4) 306 (100) 0.183
laBa 295 (61.6) 61 (59.2) 234 (62.2) 0.578 109 (63.0) 186 (60.8) 0.631
Theophylline 13 (2.7) 3 (2.9) 10 (2.7) 0.889 4 (2.3) 9 (2.9) 0.684
ICs 302 (63.0) 64 (62.1) 238 (63.3) 0.829 114 (65.9) 188 (61.4) 0.332
laaC 471 (98.3) 99 (96.1) 372 (98.9) 0.048 169 (97.7) 302 (98.7) 0.410
lTra 6 (1.3) 1 (1.0) 5 (1.3) 0.772 2 (1.2) 4 (1.3) 0.886
OCs 172 (35.9) 34 (33.0) 138 (36.7) 0.489 62 (35.8) 110 (35.9) 0.981
IVCs 118 (24.6) 25 (24.3) 93 (24.7) 0.923 43 (24.9) 75 (24.5) 0.933
antibiotic 367 (76.6) 62 (60.2) 305 (81.1) 0.001 118 (68.2) 249 (81.4) 0.001
Vaccine 21 (4.4) 6 (5.8) 15 (4.0) 0.420 9 (5.2) 12 (3.9) 0.511
BB 92 (19.2) 13 (12.6) 79 (21.0) 0.055 28 (16.2) 64 (20.9) 0.207
aCeI 212 (44.3) 46 (44.7) 166 (44.1) 0.926 77 (44.5) 135 (44.1) 0.934
statin 238 (49.7) 49 (47.6) 189 (50.3) 0.628 87 (50.3) 151 (49.3) 0.843
Benzodiazepine 122 (25.5) 30 (29.1) 92 (24.5) 0.336 45 (26.0) 77 (25.2) 0.838

Notes: n (%) or mean ± SD. Chi-squared test for categorical variables and Wilcoxon rank test for continuous variables. Bold values indicate a statistical significant 
difference between groups. Variable names: nIrrU, CCI, WBC, ICU stay, FeV1 (postbroncho, % predicted), occupational therapist consultation, nutritionist consultation, 
physiotherapist consultation, social worker consultation, BiPaP, intubation and mechanical ventilation, oxygen during hospitalization, saBa, laBa, ICs, laaC, lTra, OCs, 
IVCS, Vaccine (flu or pneumonia), ACEI, severe COPD (yes if saturated pulse O2 90 or arterial ph 7.35, no otherwise).
Abbreviations: aCeI, angiotensin converting enzyme inhibitor; BB, beta blocker; BiPaP, Bilevel Positive airway Pressure; CCI, Charlson comorbidity index; CT, computed 
tomography; hBeC, high blood eosinophil count; ICs, inhaled corticosteroid; ICU, intensive care unit; IVCs, intravenous corticosteroid; laaC, long-acting anticholinergics; 
laBa, long acting beta agonist; lTra, leukotriene receptor antagonists; nBeC, normal blood eosinophil count; nIrrU, intensity of used care index; OCs, oral corticosteroid; 
saBa, short acting beta agonist; WBC, white blood cell.
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variables such as prednisolone dose (OCS) might affect both 

readmissions and death even if no significant difference was 

observed in the baseline table.

Results
Overall, 1,440 patients satisfied our criteria. For 1,129 

(78.4%) of them, this was their first COPD hospitalization 

over a 5-year period. Among this cohort of “first” COPD-

hospitalization, 479 (42.4%) patients were retained after 

applying exclusion criteria (Figure 1).

Among the 479 patients, 173 have HBEC using the main 

definition (200 cells/mL and/or 2% of the total WBC 

count). For sensitivity analysis, 103 patients were considered 

having HBEC using definitions of 300 cells/mL and/or 3% 

of the total WBC count. Characteristics between HBEC and 

NBEC patients were compared in Table 1. The characteristics 

are generally similar between HBEC patients and NBEC 

patients except for a few variables, notably those related to 

resource use (eg, NIRRU). Antibioviral (antibiotic or antiviral 

use) is the variable that distinguishes the most between HBEC 

and NBEC patients with both definitions (P0.001).

The descriptive results in Figure 2 compare the observed 

percentages of patients in different states. Each column in 

Figure 2 is a snapshot of the percentages at an exact moment 

in time and the comparison was made at an interval of a 

month. At day 0, all patients were in state 1, namely the 

first hospitalization. After 30 days, for instance, certain 

patients had already started with the second hospitalization 

(first readmission); some of the patients were in hospital 

(light blue color) and some had been released from their 

second hospitalization after 30 days (pink color). In this 

way, it is clear from Figure 2 that the HBEC patients had 

faster readmissions (whether or not they had been released 

from the hospitalization at the moment of the snapshot). 

The percentage of death, in contrast, was lower among the 

HBEC patients in general. Even if the percentage of HBEC 

patients who died was very slightly higher at the end of 5, 6 

and 7 months, the difference became obvious with time and 

the tendency was rather clear at the end of a year (Figure 2A 

and B). The difference between the two groups is relatively 

less visible in Figure 2A because of the relatively low cut-

off (200 cells/µL and/or 2%); it becomes clearer with a 

Figure 1 Flowchart of patient enrollment process.
Abbreviations: aeCOPD, acute exacerbations of COPD; CBC, complete blood counts; ChUs, Centre hospitalier Universitaire de sherbrooke; PFT, pulmonary function test.
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higher cutoff (300 cells/µL and/or 3%) in Figure 2B. In 

Figure S1, we further increased the cutoff to 400 cells/µL 

and/or 4% where the results are more evident.

Figure 3 reports the transition probability to the next state 

where the arrows show the directions of the transitions. The 

results were obtained controlling for age, sex, and antibio-

viral (antibiotic or antiviral use). With the main definition of 

HBEC (200 cells/mL and/or 2% of the total WBC count) 

the probability to transit to a first readmission is 0.74 (95% 

CI, 0.66–0.83) for HBEC patients in comparison with 0.70 

(95% CI, 0.63–0.77) for NBEC patients, a difference of about 

4%. Once the patients are readmitted to hospital (state 3, first 

readmission), the probability to be released alive is 0.97 (95% 

CI, 0.93–1.00) for HBEC patients in comparison with 0.95 

(95% CI, 0.91–0.99) for NBEC patients. The probability to 

have a second readmission is 0.91 (95% CI, 0.84–1.00) for 

HBEC patients, 8% higher than 0.83 (95% CI, 0.74–0.92) 

for NBEC patients. Concerning death, the transition prob-

ability from state 2 is 0.26 (95% CI, 0.18–0.36) for HBEC 

patients and 0.30 (95% CI, 0.24–0.38) for NBEC patients; the 

transition probability from state 3 to death is 0.03 (95% CI, 

0.01–0.11) for HBEC patients and 0.05 (95% CI, 0.02–0.12) 

for NBEC patients; the transition probability from state 4 to 

death is 0.09 (95% CI, 0.04–0.21) for HBEC patients and 

0.17 (95% CI, 0.10–0.30) for NBEC patients (Figure 3A).

For sensitivity analyses (300 cells/mL and/or 3% 

of the total WBC count), the probability to transit to a first 

readmission is 0.81 (95% CI, 0.72–0.92) for HBEC patients 

in comparison with 0.69 (95% CI, 0.62–0.75) for NBEC 

patients, a difference of about 12% (Figure 3B). Once the 

patients are readmitted to hospital (state 3, first readmis-

sion), the probability to be released alive is 0.98 (95% CI, 

0.95–1.00) for HBEC patients in comparison with 0.95 

(95% CI, 0.91–0.99) for NBEC patients. The probability to 

have a second readmission is 0.96 (95% CI, 0.90–1.00) for 

HBEC patients, 14% higher than 0.82 (95% CI, 0.74–0.91) 

for NBEC patients. Concerning death, the transition prob-

ability from state 2 is 0.19 (95% CI, 0.11–0.31) for HBEC 

patients and 0.31 (95% CI, 0.26–0.38) for NBEC patients; the 

transition probability from state 3 to death is 0.02 (95% CI, 

0.00–0.12) for HBEC patients and 0.05 (95% CI, 0.02–0.11) 

for NBEC patients; the transition probability from state 4 to 
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Figure 2 Observed snapshot percentages of patients in the six states, from day 0 to 12 months with an interval of 30 days. snapshots are taken at each exact point in time.
Notes: (A) HBEC patients (defined as 200 cells/µl and/or 2% of the WBC count) are compared to nBeC patients. (B) HBEC patients (defined as 300 cells/µl 
and/or 3% of the WBC count) are compared to nBeC patients.
Abbreviations: hBeC, high blood eosinophil count; nBeC, normal blood eosinophil count; WBC, white blood cell.
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death is 0.04 (95% CI, 0.01–0.17) for HBEC patients and 

0.18 (95% CI, 0.11–0.29) for NBEC patients.

Discussion
The main finding of the present study was that greater blood 

eosinophil cell counts at admission for the first severe COPD 

exacerbation was associated with higher probability of 

readmissions and lower probability of death within a year 

following the initial first admission. In case either death or a 

future readmission is the next state, HBEC patients (defined 

as 200 cells/µL and/or 2% of the WBC count) were 4% 

more likely to have a readmission (instead of death) after 

being released from the first hospitalization. For patients 

who were released alive from their first readmission, the 

HBEC patients were 8% more likely to have a second read-

mission (instead of death) as their next state. The difference 

enlarged with the cutoff for the definition of HBEC showing 

consistency of our results associated with the influence of 

eosinophil cell counts on readmissions throughout our sen-

sitivity analyses; HBEC patients (defined as 300 cells/µL 

and/or 3% of the WBC count) were 12% more likely to 

have a readmission (instead of death) after being released 

from the first hospitalization. For patients who were released 

alive from their first readmission, the HBEC patients were 

14% more likely to have a second readmission (instead of 

death) as their next state.

Figure 3 (A) Transition probability to the next states with 95% CIs for HBEC patients (defined as 200 cells/µl and/or 2% of the WBC count) and nBeC patients.  
(B) Transition probability to the next states with 95% CIs for HBEC patients (defined as 300 cells/µl and/or 3% of the WBC count) and nBeC patients. The transition 
probability from state 1 to state 2 is equal to 1.00 because we excluded patients who died during the first hospitalization. The transition probability from state 5 to state 6 
is 1.00 because state 5 is the final state of alive patients in our model.
Abbreviations: hBeC, high blood eosinophil count; nBeC, normal blood eosinophil count; WBC, white blood cell.
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Our previous studies12,21,25 have demonstrated association 

between HBEC and the first COPD-related hospital read-

mission within a year. Extending our analyses to include 

two readmissions and death simultaneously, this study 

followed the method of Couillard et al21 and only included 

the patients with no corticosteroid treatment 48 hours. 

Additionally, it is well known that ICS may reduce the risk 

of exacerbation;16–18 the proportion of patients who used ICS 

after being discharged did not differ between the two groups 

in this study, hence, it is unlikely that the results would have 

been distorted by potential impact associated with ICS.

Exacerbation events are typically treated as independent 

phenomena in practice;35 it has been argued nonetheless that 

a more rapid administration of the appropriate therapy could 

be enabled by available clinical information from previous 

exacerbations.36 Going a step further from our previous 

findings,12,21,25 we are interested here in the trajectories of 

patients as a whole picture after their release from a “first” 

hospitalization. To our knowledge, very few studies have 

explored within-subject state transitions specifically for 

COPD patients, though similar approaches have been applied 

elsewhere.37 A recent work described, for the first time as 

claimed by the authors, the within-subject stability of the 

lung microbiome in COPD and the nonrandom nature of 

exacerbations over time by modeling exacerbation pheno-

types as a Markov Chain; they found significantly nonrandom 

transition for eosinophilic exacerbations (and for bacterial 

exacerbations but not for viral exacerbations).8

Intuitively, one might imagine that patients who are more 

likely to be readmitted are also at higher risk of death; yet we, 

as others, find more readmissions and fewer deaths for HBEC 

patients, and this may be associated with shorter length of 

stay and better in-hospital outcomes. For example, invasive 

mechanical ventilation rates were significantly lower (9.8% 

vs 17.0% P=0.032) for HBEC. Likewise, previous studies 

have found a shorter length of stay19 and higher short-term 

treatment success for eosinophilic patients, who had none-

theless more risks of relapse.23,38 which is concordant with 

our results. Concerning death, it has been documented that 

eosinopenia was associated with higher in-hospital mortality 

in acute exacerbations of COPD,39,40 Which is also in line 

with our findings here while our focus is rather on eosino-

philia. Most probably, though associated with increased 

readmissions/relapses, eosinophilia represents a marker of 

less severe noninfectious exacerbations14 as well as a “treat-

able trait”.20,41,42

The results of this study may suggest two distinct popu-

lations affected by COPD exacerbation, involving specific 

pathophysiological process and resulting in different disease 

trajectories. Higher differences were observed with a 300 

cell and/or 3% cutoff in our sensitivity analyses. This is 

in line with the current state of the scientific literature. 

First, our finding is concordant with our previous analyses 

regarding adverse clinical outcomes in eosinophilic COPD. 

The fact that higher eosinophil cell counts lead to more 

readmissions12,21 and higher costs25 mirrors our current 

finding that this may also be associated with higher subse-

quent readmissions. Second, we recognize that the current 

trend of thinking in the domain of eosinophil inflammation 

in COPD is that no precise cutoff confers a sudden step-

wise increase in risk. More likely, there exists a non-linear 

correlation between eosinophil cell counts and increased 

adverse outcomes, as observed recently by Bafadhel et al20 

and discussed thoroughly by Pascoe et al.43 Though we had 

initially chosen a 200/2% cutoff in our protocol, we believe 

that the use of a higher cutoff might have provided stronger 

differences, although this may also have decreased the size 

of our HBEC group.

The major strength of the present study is its longitudinal 

aspect of within-patient trajectory accounting for the exact 

time between state transitions. The pathophysiologic-driven 

design, the combination of hospital and administrative data, 

the consideration of relative timing of systemic corticosteroid 

administration, and the different definitions of eosinophilia, 

as well as the confirmation of COPD diagnosis with spirom-

etry and smoking history, all contributed to objectiveness 

of the results. Though we cannot guarantee that patients did 

not suffer from comorbid lung conditions, such as bronchi-

ectasis or a minor beginning of interstitial lung disease, we 

are confident that our careful manual review of clinical and 

spirometric data led to inclusion of patients whose main 

clinical and physiological picture was that of COPD. Even 

if we cannot examine all potential variables that may influ-

ence the outcomes, we tried our best to include the most 

important ones. Nevertheless, our study must be considered 

in light of several limitations. First of all, the study sample 

size is small which is a limitation regarding the interpretation 

and generalization of the results; the study was conducted 

in a local hospital, limiting potentially the geographical 

scope of the findings; while the geographical limitation 

might reduce further confounding, the particular population 

reduced possibilities to explore more detailed relations with 

different maintenance COPD medications that were observed 

in other studies.44,45 The usual methods of identification are 

either during the exacerbation itself or during a steady state 

blood test. It is not ideal to consider that eosinophilia during 

exacerbation can be extrapolated to subsequent ones because 

the inflammation can sometimes be specific to the pathologic 
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process underlying the index exacerbation. This limitation is 

due to availability of information; meanwhile, the partition 

of patients into two distinct groups facilitates longitudinal 

analysis. Additionally, the difference between HEBC patients 

and NEBC patients was not as remarkable as observed by 

Couillard et al21 when HEBC was defined as 200 cells/mL 

and/or 2% of the total WBC count. This could be resulted 

from the different statistical approach; our sample size was 

also larger, where we had selected milder COPD patients 

who were less prone to readmissions.

Conclusion
After being released from the first COPD hospitalization, 

HEBC patients have higher risk of COPD-related readmis-

sion within a year. For patients released alive from the first 

COPD-related readmission, HEBC patients also have more 

risk to be readmitted for the second time. Meanwhile, the 

risk of death is lower for HEBC patients.
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Supplementary material

Figure S1 Observed snapshot percentages of patients in the six states, from day 0 to 12 months with an interval of 30 days. snapshots are taken at each exact point in time. 
HBEC patients (defined as 400 cells/µl and/or 4% of the WBC count) are compared to nBeC patients.
Abbreviations: hBeC, high blood eosinophil count; nBeC, normal blood eosinophil count; WBC, white blood cell.
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