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Purpose: This retrospective, observational cohort study investigated the association of blood
eosinophil counts within 1 week of hospitalization for acute exacerbation of COPD (AECOPD)
with subsequent risk of all-cause and COPD-related readmission from a large integrated health
system.

Patients and Methods: Electronic medical records were extracted for index hospitalization for
AECOPD at all Intermountain Healthcare hospitals. The primary outcome was the relationship of
blood eosinophil count to 30-day all-cause readmission; secondary outcomes were 60-day, 90-day,
and 12-month all-cause readmission, COPD-related readmission, and empiric derivation of the
eosinophil count with the highest area under the curve (AUC) for predicting 30-day all-cause
readmission.

Results: Of 2445 included patients, 1935 (79%) had a blood eosinophil count <300 cells/puL
and 510 (21%) had a count >300 cells/uL. Using a 300-cells/uL threshold, there was no
significant difference between high and low eosinophil groups in 30-day (odds ratio [OR]
=1.05, 95% confidence interval [CI]=0.75-1.47) or 60-day (OR=1.15, 95% CI=0.88-1.51)
all-cause readmissions. However, patients with greater (versus lesser) eosinophil counts had
increased 90-day and 12-month all-cause readmissions (OR=1.35, 95% CI=1.06-1.72, and
OR=1.32, 95% CI=1.07-1.62). COPD-related readmission rates were significantly greater for
patients with greater (versus lesser) eosinophil counts at 30, 60, and 90 days and 12 months
(OR range=1.52-1.97). A total of 70 cells/uL had the most discriminatory power to predict
30-day all-cause readmission (highest AUC).

Conclusion: Eosinophil counts in patients with COPD were not associated with
a difference in 30-day all-cause readmissions. However, greater eosinophil counts were
associated with increased risk of all-cause readmission at 90 days and 12 months and
COPD-related readmission at 30, 60, and 90 days and 12 months. Patients with eosino-
phils <70 cells/uL had the lowest risk for 30-day all-cause readmission. Blood eosino-
phils in patients hospitalized with AECOPD may be a useful biomarker for the risk of
hospital readmission.
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Plain Language Summary
® The eosinophilic phenotype in patients with chronic obstructive pulmonary disease
(COPD) is common and may have clinical implications.
® Reports vary on whether blood eosinophil counts measured at hospital admission for
acute exacerbation of COPD (AECOPD) predict the risk of hospital readmission
between 30 days and 12 months.
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® We extracted electronic medical records from all
Intermountain Healthcare hospitals and evaluated the rela-
tionship of blood eosinophil counts to the risk of subse-
quent hospital readmission.

® Using 300 cells/uL as an eosinophil count threshold, there
was no difference in all-cause hospital readmission at 30
days (primary outcome) or 60 days. However, there was
a greater risk of hospital readmission for those with greater
versus lesser eosinophil counts at 90 days and 12 months.
Furthermore, there was a greater risk of COPD-related
hospital readmissions at all time points (30, 60, and 90
days, and 12 months) for those with greater (versus lesser)
blood eosinophil counts on admission.

o We further found that an eosinophil threshold of 70 cells/
pL had the most discriminatory power to predict all-cause
hospital readmission at 30 days. Namely, patients admitted
with AECOPD who have peripheral blood eosinophilia
lower than that threshold have a lower risk of all-cause
hospital readmission at 30 days.

® All-cause mortality at 12 months was significantly lower
for patients in the high blood eosinophil group compared
with patients in the low blood eosinophil group.

® Qur study shows that blood eosinophils may be a useful
biomarker for the risk of hospital readmission in patients
hospitalized with AECOPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is heteroge-
neous with different phenotypes and varied prognoses.' The
eosinophilic phenotype of COPD is common, ranging from
20-64%,>® although there is variation among studies in the
absolute eosinophil count that defines the phenotype.

Some studies have found the eosinophilic phenotype
to be associated with an increased risk of acute exacer-
bations of COPD (AECOPD).>”'® There are conflicting
reports on whether high blood eosinophil counts at
hospital admission for AECOPD predict increased risk
for all-cause readmission, with studies suggesting an

1516 or decreased risk.!”

increased risk,14 no effect,
Furthermore, there is no consensus on the method that
should be used to determine the eosinophilic phenotype
in patients with COPD. Studies have used absolute
blood eosinophil counts, blood eosinophil counts as
a percentage of the total white blood cell (WBC)
count, and eosinophil counts in sputum or bronchoal-
veolar lavage fluid.>> '8 For practical reasons, periph-
eral blood eosinophil counts are more commonly used,
and there is a fair agreement between sputum and blood

eosinophil counts in COPD.”""

To address these uncertainties, we investigated the
association of blood eosinophil counts at the time of
AECOPD hospitalization with subsequent risk of all-
cause and COPD-related readmission in real-world patient
health care utilization data from a large US medical care
delivery network. We also determined the blood eosinophil
count that best predicted the 30-day all-cause readmission
risk.

Patients and Methods
Study Design and Data Collection

This was a retrospective, observational cohort study to
examine the association between blood eosinophil counts
in COPD patients at the time of AECOPD hospitalization
and the risk of subsequent all-cause and COPD-related
hospital readmission at an Intermountain Healthcare facil-
ity between January 1, 2011, and December 31, 2016.
Intermountain is a large Integrated Delivery Network
based in Utah, serving patients in Utah, Idaho, and
Wyoming, that provides medical services to over
1 million patients annually. The data source was the elec-
tronic medical records (EMRs) in the Enterprise Data
Warehouse, which includes data from both inpatient and
outpatient settings.

The exposure variable was the highest blood eosinophil
count measured 7 days prior to the index admission
through 24-hour post-index admission and before admin-
istration of systemic (oral or intravenous) corticosteroids.
Laboratory data are available and integrated across the
health care system in the inpatient and outpatient settings.
Other descriptive and covariate data were included in the
analyses. Medication data were identified through medica-
tion reconciliation at the date of admission, nursing intake
documentation, discharge records, and some outpatient
prescription data. Associated comorbidity data, defined
by Charlson comorbidity index (CCI) and billing codes,
within 1 year prior to the index hospitalization were col-
lected. Self-reported smoking status was classified as
never, former, or current smoker. Pulmonary function test
(PFT) data were available for the subset of patients who
performed spirometry at a hospital PFT laboratory but
were not available if tests were performed at an outpatient
clinic. The Intermountain Institutional Review Board
approved the study and did not require informed consent
for this de-identified data analysis due to the large number
of enrolled subjects and designation as a less than minimal

risk study that did not adversely affect the rights and
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welfare of the subjects. This waiver of informed consent
was in compliance with the Declaration of Helsinki.

Study Patients

The study population included patients with COPD aged >40
years with >1 AECOPD hospitalization between January 1,
2011, and December 31, 2016, and a blood eosinophil count
within 7 days prior to the index admission through 24-hour
post-index admission. AECOPD-related hospitalization was
defined as hospitalization for AECOPD, or COPD as the
primary diagnosis, or acute respiratory failure as a primary
diagnosis with COPD as the secondary diagnosis. Diagnoses
for COPD and AECOPD were identified using International
Classification of Diseases, Ninth (/CD-9) and Tenth (/CD-10)
Revision diagnosis codes 491.xx, 492.xx, 496.xx, and J41.x,
J42.x, J43.x, J44.x, respectively. Patients with a secondary
diagnosis code related to asthma were included. The first
AECOPD-related hospitalization that had an eligible blood
eosinophil count on admission in the study period was selected
as the index admission. Data from eligible patients were
analyzed from the date of discharge until 12-month post-
index discharge date or death of the patient, whichever
occurred first. Patients were excluded from the study if they
had a known malignancy, were pregnant during the study
period, or died during the index admission.

Study Outcomes and Statistical Analyses
The primary outcome was the relationship of blood eosinophil
count to 30-day all-cause readmission, excluding planned
hospitalizations. Secondary outcomes were 60-day, 90-day,
and 12-month all-cause readmission and 30-day, 60-day,
90-day, and 12-month COPD-related readmission. The asso-
ciation of blood eosinophil count to all-cause mortality at
12 months was also assessed.

For the primary outcome, a blood eosinophil count >300
cells/uL was used to stratify patient groups; other thresholds
defined a priori were >220 cells/pL, >400 cells/uL, and >500
cells/uL. A validation analysis of the prespecified eosinophil
thresholds >220 vs <220 cells/uL, >300 vs <300 cells/puL,
>400 vs <400 cells/uL, and >500 vs <500 cells/uL was also
conducted, with correction for multiple testing requiring
p<0.0125 (corrected) for significance.

Hospital readmission rates were compared between
patients with eosinophil counts >300 cells/uL and <300
cells/uL. Multivariable
adjusted for demographic factors (age, sex, ethnicity),

logistic regression analyses
smoking history, CCI and constituent comorbidities, com-

plete blood count—derived laboratory results (red blood

cell distribution width, absolute neutrophil, hemoglobin,
mean corpuscular volume), inhaled corticosteroids (ICS)
at discharge, and oral corticosteroid (OCS) use were per-
formed. Because only 17.6% of the patient population had
spirometry tests available for analysis, these were not
included in analyses. P-values among eosinophil threshold
groups were calculated using a chi-squared test for cate-
gorical variables and f-test for continuous variables.
Statistical tests were 2 sided with an o level of 0.05 for
statistical significance.

Subgroup analysis was conducted to evaluate the asso-
ciation between blood eosinophilia and hospital readmis-
sion among patients with COPD and comorbid asthma,
those receiving OCS in the 2 weeks prior to admission,
and those prescribed ICS at discharge from the index
admission.

To determine the optimal threshold associated with
readmission risk, absolute eosinophil count was treated
as a continuous variable, and specificity and sensitivity
for predicting 30-day and 12-month all-cause readmission
were assessed using receiver operating curve (ROC) ana-
lysis and the area under the curve (AUC). This analysis
was repeated for predicting 30-day and 12-month COPD-
related readmission. Positive predictive value, negative
predictive value, and accuracy for 30-day and 12-month
all-cause readmission were calculated for the new
threshold.

Kaplan—Meier curves for readmission and mortality up
to 12 months after discharge from the index hospitalization
were constructed using the determined optimal eosinophil
threshold derived above and for the predetermined >300 vs
<300 cells/uL threshold. In this study, patients who died
were not censored, which may account for a lower admis-

sion rate.

Results

Overall, 3853 hospitalizations for AECOPD during the
time interval were identified; after excluding those hospi-
talizations without blood eosinophil counts, hospitaliza-
tions occurring after the patients’ index hospitalization,
early deaths, pregnancies, and malignancies, the final sam-
ple size was 2445 unique patients hospitalized with
AECOPD with blood eosinophil counts (Figure 1). The
mean (standard deviation) blood eosinophil count on
admission for all patients was 215 (363) cells/uL. There
were 1935 (79%) patients with blood eosinophil counts
<300 cells/uL and 510 (21%) with counts >300 cells/uL.
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Patients with available data

(n=2714)

Evaluated patients

(n=2445)

Low eosinophils (<300 cells/pl)
n=1935 (79%)

Figure | CONSORT flow diagram.

Excluded (n=269)

— Death during or 24 hours
post-admission (n=48)

— Malignancy (n=217)

— Pregnancy (n=4)

High eosinophils (>300 cells/pl)

n=510 (21%)

Notes: Of 3853 patient encounters assessed for eligibility, 2445 patients were evaluated in this analysis. Of these, 79% had a low eosinophil count (<300 cells/uL) and 21%

had a high eosinophil count (2300 cells/uL).

Abbreviations: AECOPD, acute exacerbations of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary disease.

Baseline characteristics are listed in Table 1. Twenty-
six percent of patients had asthma, with no significant
difference between the high and low eosinophil groups
(28.2% vs 25.4%; p=0.19). There was a greater percentage
of never-smokers in the high eosinophil group than in the
low eosinophil group (11.6% vs 8.8%; p=0.026), and the
neutrophil count was greater in the low eosinophil group
compared with the high eosinophil group (7.54 K/uL vs
6.72 K/uL; p<0.001). Outpatient OCS were used by 4.7%
of patients in the 2 weeks prior to eosinophil testing with
no significant difference between groups. ICS use was
reported in 33.6% of all patients in the year prior to
admission, and 54.4% of all patients were prescribed ICS
at discharge with no difference between the high and low
eosinophil groups for either measure. In addition, ICS
prescription at discharge was significantly associated
with increased all-cause readmission at 12 months
(OR=1.37; p<0.001).

Blood Eosinophil Count and Readmission
There was no significant difference in the primary out-
come of 30-day all-cause readmissions between the high
eosinophil and low eosinophil groups using a threshold of
300 cells/uL (10.4% vs 10.5%, p=0.76, odds ratio [OR]
=1.05, 95% confidence interval [CI]=0.75-1.47) (Table 2),
nor was there a difference between the groups for all-cause
readmission at 60 days (p=0.30). However, patients with
high eosinophil counts had increased 90-day and 12-month
all-cause readmissions compared with patients with low
eosinophil counts (23.9% vs 20.1%, p=0.016, OR=1.35,
CI=1.06-1.72, and 44.5% vs 39.2%, p=0.009, OR=1.32,
CI=1.07-1.62). For COPD-related readmissions, there
were significantly greater readmission rates for patients

with high eosinophil counts compared with low eosinophil
counts at all time points evaluated (30, 60, and 90 days,
and 12 months).

Tables 2 and 3 present all-cause and COPD-related read-
mission results for the various eosinophil thresholds. Using
blood eosinophil limits of >220 and >400 cells/uL, there was
significantly increased all-cause readmission at 12 months and
COPD-related readmissions at 60 days, 90 days, and 12 months
(p<0.0125). With a threshold of >500 cells/uL, there was no
significant difference in all-cause readmission at any time point
(»p>0.0125), but there were significantly increased COPD-
related readmission risks at 60 days, 90 days, and 12 months
(p<0.0125) compared with those with eosinophil counts <500
cells/uL. Of 2445 patients, 247 (10%) had eosinophils that
were elevated in the >500-cells/pL group.

Potential Confounding Factors

We explored the effects of potential confounding factors, such
as a secondary diagnosis of asthma, OCS use prior to eosino-
phil measurement, and ICS use at discharge on the association
between eosinophil count and readmissions. In the subgroup of
635 patients with comorbid asthma, the association between
eosinophil count and all-cause readmission in the univariable
analysis was not significant at any time points between 30 days
and 12 months (p=0.17-0.85). There were 115 patients (4.7%
of study population) who had received OCS in the 14 days
prior to eosinophil testing, including 4.9% of the low eosino-
phil group and 4.1% of the high eosinophil group (p=0.48).
Excluding these patients had no significant effect on the asso-
ciation between eosinophil count and all-cause readmission.
ICS were prescribed at discharge in 54.1% of the low eosino-
phil group and 55.5% of the high eosinophil group (p=0.58).
ICS prescription was associated with a trend toward lower
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Table | Baseline Characteristics of the Study Population

Characteristics Overall (N=2445) <300 cells/pL (n=1935) 2300 Cells/pL (n=510) P-value®
Age (years), +SD 68.4+11.6 68.5%11.6 67.8%11.7 0.21
Sex (female) 1240 (50.7%) 967 (50.0%) 273 (53.5%) 0.15
Race
Asian 9 (0.4%) 5 (0.3%) 4 (0.8%) 0.002
Black 24 (1.0%) 14 (0.7%) 10 (2.0%)
Pacific Islander Il (0.4%) 6 (0.3%) 5 (1.0%)
Native American Il (0.4%) 7 (0.4%) 4 (0.8%)
White 2300 (94.1%) 1838 (95.0%) 462 (90.6%)
Unknown 90 (3.7%) 65 (3.4%) 25 (4.9%)
Ethnicity
Hispanic 99 (4.0%) 74 (3.8%) 25 (4.9%) 0.37
Not Hispanic 2202 (90.1%) 1751 (90.5%) 451 (88.4%)
Unknown 144 (5.9%) 110 (5.7%) 34 (6.7%)
Smoking history
Never 230 (9.4%) 171 (8.8%) 59 (11.6%) 0.026
Former 874 (35.7%) 691 (35.7%) 183 (35.9%)
Current 883 (36.1%) 723 (37.4%) 160 (31.4%)
Unknown 458 (18.7%) 350 (18.1%) 108 (21.2%)
Charlson Comorbidity Index and Pertinent Constituent Factors
Charlson index, £SD 2.62+1.84 2.61£1.82 2.68+1.91 0.46
Myocardial infarction 292 (11.9%) 226 (11.7%) 66 (12.9%) 0.43
Heart failure 796 (32.6%) 638 (33.0%) 158 (31.0%) 0.39
Diabetes w/complications 131 (5.4%) 101 (5.2%) 30 (5.9%) 0.55
Diabetes w/o complications 680 (27.8%) 522 (27.0%) 158 (31.0%) 0.07
CVvD 176 (7.2%) 134 (6.9%) 42 (8.2%) 0.31
Dementia 48 (2.0%) 40 (2.1%) 8 (1.6%) 0.47
PVD 344 (14.1%) 272 (14.1%) 72 (14.1%) 0.97
Renal disease 431 (17.6%) 341 (17.6%) 90 (17.6%) 0.99
Mild liver disease 131 (5.4%) 106 (5.5%) 25 (4.9%) 0.6l
Cancer 67 (2.7%) 47 (2.4%) 20 (3.9%) 0.07
Peptic ulcer disease 51 (2.1%) 43 (2.2%) 8 (1.6%) 0.36
Connective tissue disease 119 (4.9%) 91 (4.7%) 28 (5.5%) 0.46
Other Morbidities
Allergic rhinitis 63 (2.6%) 51 (2.6%) 12 (2.4%) 0.72
Nasal polyps 5 (0.2%) 3 (0.2%) 2 (0.4%) 0.29
Sinusitis 175 (7.2%) 130 (6.7%) 45 (8.8%) 0.10
Sleep apnea 320 (13.1%) 260 (13.4%) 60 (11.8%) 0.32
Obesity 440 (18.0%) 350 (18.1%) 90 (17.6%) 0.82
Hyperlipidemia 1067 (43.6%) 853 (44.1%) 214 (42.0%) 0.39
Hypertension 1651 (67.5%) 1315 (68.0%) 336 (65.9%) 0.37
GERD 798 (32.6%) 629 (32.5%) 169 (33.1%) 0.79
Asthma 635 (26.0%) 491 (25.4%) 144 (28.2%) 0.19
Laboratory Factors
Hemoglobin, +SD 13.7%£2.2% 13.8%%2.2% 13.7%+2.2% 0.43
Eosinophil count (cells/uL), +SD 215%363 93+84 678+577 <0.001
Mean corpuscular volume (fl), £SD 92.7+6.4 92.9+6.3 91.9+6.4 0.001
(Continued)
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Table | (Continued).

Characteristics Overall (N=2445) <300 cells/pL (n=1935) 2300 Cells/uL (n=510) P-value®
Red blood cell distribution width, SD 14.6%£1.9% 14.6%£1.9% 14.5%+1.8% 0.32
Neutrophils (K/pL), £SD 7.37£3.68 7.54+3.80 6.72+3.07 <0.001

Inhaled Corticosteroid and Oral Corticosteroid Use
ICS in prior year 821 (33.6%) 649 (33.5%) 172 (33.7%) 0.94
OCS in 14 days prior to eosinophil testing 115 (4.7%) 94 (4.9%) 21 (4.1%) 0.48
ICS at discharge 1330 (54.4%) 1047 (54.1%) 283 (55.5%) 0.58

Notes: °In entries where there is just | P-value for a categorical variable, the value refers to any differences across all categories.
Abbreviations: CVD, cerebrovascular disease; GERD, gastroesophageal reflux disease; ICS, inhaled corticosteroids; OCS, oral corticosteroid; PVD, peripheral vascular

disease; SD, standard deviation.

Table 2 Association of Blood Eosinophil Counts with All-Cause Readmission from Multivariable Logistic Regression®

Threshold: 300 Cells/uL

Endpoint <300 Cells/pL (n=1935) 2300 Cells/pL (n=510) OR (95% CI) P-value
30-day readmission 203 (10.5%) 53 (10.4%) 1.05 (0.75-1.47) 0.76
60-day readmission 316 (16.3%) 90 (17.6%) I.15 (0.88-1.51) 0.30
90-day readmission 388 (20.1%) 122 (23.9%) 1.35 (1.06-1.72) 0.016
I2-month readmission 758 (39.2%) 227 (44.5%) 1.32 (1.07-1.62) 0.009
Threshold: 220 cells/uL

Endpoint <220 cells/uL (n=1725) 2220 cells/pL (n=720) OR (95% CI) P-value
30-day readmission 172 (10.0%) 84 (11.7%) 1.24 (0.93-1.66) 0.14
60-day readmission 275 (15.9%) 131 (18.2%) 1.18 (0.93-1.50) 0.17
90-day readmission 337 (19.5%) 173 (24.0%) 1.31 (1.05-1.62) 0.016
I2-month readmission 661 (38.3%) 324 (45.0%) 1.34 (1.12-1.61) 0.002
Threshold: 400 cells/uL

Endpoint <400 cells/uL (n=2086) 2400 cells/pL (n=359) OR (95% CI) P-value
30-day readmission 217 (10.4%) 39 (10.9%) 1.18 (0.81-1.71) 0.38
60-day readmission 342 (16.3%) 64 (17.8%) 1.18 (0.87-1.60) 0.29
90-day readmission 423 (20.3%) 87 (24.2%) 1.39 (1.06-1.83) 0.019
12-month readmission 823 (39.5%) 162 (45.1%) 1.39 (1.10-1.77) 0.006
Threshold: 500 cells/uL

Endpoint <500 cells/pL (n=2198) 2500 cells/pL (n=247) OR (95% CI) P-value
30-day readmission 238 (10.8%) 18 (7.3%) 0.74 (0.45-1.23) 0.25
60-day readmission 368 (16.7%) 38 (15.4%) 1.01 (0.70-1.47) 0.96
90-day readmission 457 (20.8%) 53 (21.5%) 1.20 (0.86-1.67) 0.28
I2-month readmission 876 (39.9%) 109 (44.1%) 1.39 (1.05-1.84) 0.022
Threshold: 70 cells/pL

Endpoint <70 cells/pL (n=935) >70 cells/uL (n=1510) OR (95% CI) P-value
30-day readmission 69 (7.4%) 187 (12.4%) 1.95 (1.43-2.65) <0.001
60-day readmission 120 (12.8%) 286 (18.9%) 1.60 (1.27-2.04) <0.001
90-day readmission 149 (15.9%) 361 (23.9%) 1.71 (1.37-2.14) <0.001
I2-month readmission 314 (33.6%) 671 (44.4%) 1.57 (1.31-1.88) <0.001

Note: *Multivariable adjustments as per protocol utilizing all covariables in Table I.

Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 3 Association of Blood Eosinophil Counts with COPD-Related Readmission from Multivariable Logistic Regression®

Threshold: 300 Cells/pL

Endpoint <300 Cells/uL (n=1935) 2300 Cells/pL (n=510) OR (95% CI) P-value
30-day readmission 90 (4.7%) 35 (6.9%) 1.65 (1.08-2.50) 0.019
60-day readmission 141 (7.3%) 58 (11.4%) 1.65 (1.18-2.30) 0.003
90-day readmission 169 (8.7%) 77 (15.1%) 1.97 (1.46-2.67) <0.001
12-month readmission 330 (17.1%) 121 (23.7%) 1.52 (1.19-1.93) <0.001
Threshold: 220 cells/uL

Endpoint <220 cells/pL (n=1725) 2220 cells/pL (n=720) OR (95% CI) P-value
30-day readmission 78 (4.5%) 47 (6.5%) 1.58 (1.07-2.32) 0.020
60-day readmission 123 (7.1%) 76 (10.6%) 1.52 (1.12-2.07) 0.008
90-day readmission 148 (8.6%) 98 (13.6%) 1.70 (1.28-2.25) <0.001
12-month readmission 286 (16.6%) 165 (22.9%) 1.48 (1.19-1.85) <0.001
Threshold: 400 cells/pL

Endpoint <400 cells/pL (n=2086) 2400 cells/pL (n=359) OR (95% CI) P-value
30-day readmission 95 (4.6%) 30 (8.4%) 2.24 (1.44-3.48) <0.001
60-day readmission 151 (7.2%) 48 (13.4%) 2.12 (1.48-3.03) <0.001
90-day readmission 184 (8.8%) 62 (17.3%) 2.38 (1.72-3.30) <0.001
12-month readmission 358 (17.2%) 93 (25.9%) 1.76 (1.34-2.31) <0.001
Threshold: 500 cells/pL

Endpoint <500 cells/pL (n=2198) 2500 cells/uL (n=247) OR (95% CI) P-value
30-day readmission 110 (5.0%) 15 (6.1%) 1.44 (0.81-2.54) 0.21
60-day readmission 168 (7.6%) 31 (12.6%) 1.86 (1.22-2.84) 0.004
90-day readmission 209 (9.5%) 37 (15.0%) 1.87 (1.26-2.78) 0.002
12-month readmission 390 (17.7%) 6l (24.7%) 1.62 (1.18-2.24) 0.003
Threshold: 70 cells/uL

Endpoint <70 cells/pL (n=935) >70 cells/uL (n=1510) OR (95% CI) P-value
30-day readmission 24 (2.6%) 101 (6.7%) 3.10 (1.95-4.94) <0.001
60-day readmission 46 (4.9%) 153 (10.1%) 2.22 (1.57-3.14) <0.001
90-day readmission 58 (6.2%) 188 (12.5%) 2.30 (1.68-3.16) <0.001
12-month readmission 126 (13.5%) 325 (21.5%) 1.79 (1.42-2.25) <0.001

Note: *Multivariable adjustments as per protocol utilizing all covariables in Table I.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio.

all-cause readmission in multivariable analysis at 30 days
(p=0.18, OR=0.83, 95% CI=0.64-1.09) but was significantly
associated with a greater risk of readmission at 12 months
(p<0.001, OR=1.36, 95% CI=1.15-1.62). Even with adjusting
for ICS at discharge, high eosinophils remained a significant
predictor of 12-month readmission (OR=1.32, 95%
CI=1.07-1.62, p=0.009).

Optimal Blood Eosinophil Count

Associated with Readmission
To determine the optimal eosinophil threshold associated
with increased readmission risk, blood eosinophil count

was treated as a continuous variable and the specificity
and sensitivity for predicting 30-day and 12-month all-
cause and COPD-related readmission were assessed using
ROC curves and the AUC. A blood eosinophil count of >70
cells/uL was optimal for discriminating all-cause readmis-
sion risk at 30 days and 12 months, although the association
was moderate (areas under ROC curve of 0.532 and 0.551,
respectively). Sixty-two percent of patients had a blood
eosinophil count >70 cells/pL. There was a significant asso-
ciation with all-cause readmission and a blood eosinophil
count of >70 cells/uL at all time points evaluated between
30 days and 12 months (OR=1.57-1.95; p<0.001) (Table 2);
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Figure 2 Association of blood eosinophil counts 2300 cells/pL and <300 cells/uL with (A) all-cause readmission and (B) COPD-related readmission.
Notes: Analysis utilizing time to event and censoring mortality as a nonevent to correct for competing risks and reduced time of exposure of patients to the risk of
readmission. Kaplan-Meier survival curves show the association of eosinophils with (A) all-cause readmission and (B) COPD-related readmission at | year for stratification

using eosinophils 2300 cells/pL vs <300 cells/pL.
Abbreviation: COPD, chronic obstructive pulmonary disease.

a significant association was also noted for COPD-related
readmission (OR=1.79-3.10; p<0.001) (Table 3). The pre-
dictive value of a blood eosinophil threshold of >70
cells/uL for all-cause readmission at 30 days had
a sensitivity of 73%, specificity of 40%, and negative pre-
dictive value of 93%; the corresponding values at 12 months
were 68%, 43%, and 66%, respectively. The negative pre-
dictive value for a blood eosinophil threshold of <70
cells/uL. for COPD-related readmission at 30 days was
97%, and at 12 months, was 87%. Our findings suggest
that a blood eosinophil count <70 cells/uL identifies
a patient group that is unlikely to require readmission.

For comparison, the predictive value of a blood eosinophil
threshold of either <300 cells/uL or >300 cells/uL for all-
cause readmission at 30 days had a sensitivity of 21%, speci-
ficity of 79%, and negative predictive value of 90%; the
corresponding values at 12 months were 23%, 81%, and
61%, respectively. The negative predictive value for a blood
eosinophil threshold of either <300 cells/uL or >300 cells/uL
for COPD-related readmission at 30 days was 95% and at
12 months was 83%. The negative predictive values for the
thresholds of 70 cells/uL. and 300 cells/ul were therefore
similar.

Kaplan-Meier survival curves, utilizing time to the
event and censoring mortality as a nonevent, accentuating
the association of eosinophil counts with all-cause read-
mission and COPD-related readmission at 1 year are
shown in Figures 2 and 3.

Blood Eosinophil Count and Mortality

Mortality at 12 months for the entire population was
18.2% (445 of 2445 patients). Mortality was significantly
lower in the high blood eosinophil group (14.9%, 76 of
510 patients) than the low blood eosinophil group (19.1%,
369 of 1935 patients; p=0.027). Kaplan-Meier survival
curves showing the association of eosinophil threshold of
>300 cells/uL with survival free from all-cause mortality
at 12 months is shown in Supplemental Figure E1. For

eosinophils >70 cells/uL compared to <70 cells/uL, mor-
tality at 12 months was similar in the group with eosino-
phils >70 cells/uL (18.3%, 276 of 1510 patients) as in the
lower blood eosinophil group (18.1%, 169 of 935 patients;
p=0.89).

Discussion

There is increasing evidence that the eosinophilic pheno-
type, common in COPD, is also clinically important.®>®
However, methodologies and thresholds used to define the
eosinophilic phenotype are not yet standardized. We found
that blood eosinophil counts of >300 cells/uL are common,
occurring in 21% of patients, and although not associated
with increased all-cause readmission at 30 days (primary
outcome), they were significantly associated with increased
all-cause readmission at 90 days and 12 months. Moreover,
such counts were significantly associated with COPD-
related readmission rates at all evaluated time points
between 30 days and 12 months. The association of high
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blood eosinophil counts with all-cause readmission were
similar for all of the blood eosinophil thresholds >70 cells/
uL for the time points between 30 days and 12 months;
there did not appear to be a “dose-response” relationship
between blood eosinophil level and risk of all-cause read-
mission for blood eosinophil levels >70 cells/uL. We found
that a blood eosinophil count <70 cells/uL identifies
patients unlikely to be readmitted within 30 days or
throughout the entire 12 months.

Several studies have evaluated the association between
blood eosinophils and AECOPD. There is evidence that
the eosinophilic phenotype is associated with an increased
risk of exacerbations, although studies have used varying
thresholds to define this phenotype.>*~'! There is conflict-
ing evidence regarding the association of increased eosi-
nophils (generally defined as a blood eosinophil count
>200 cells/uL and/or >2% of total WBCs) and increased
readmissions following admission for AECOPD. Studies
have shown an increased risk of readmission with
increased eosinophils.'*'® Couillard'* et al evaluated 167
patients admitted for an AECOPD, of whom 33% pre-
sented with an eosinophilic phenotype (defined as >200
cells/uL and/or >2% of total WBCs). The high eosinophil
group was associated with increased risk of 12-month all-
cause readmission (OR=2.32; p=0.0277) and COPD-
related readmission (OR=3.59; p=0.0013)."* Other studies
have found no association,15 or even decreased readmis-
sion risk'” for patients with increased blood eosinophils.

There has been speculation that recent OCS use prior to
eosinophil measurement in some studies'> may have con-
tributed to the disparate results.'® The current study
included a larger sample size than these previous studies,
employed multiple thresholds of eosinophil counts, and
explored the relationships with readmission over more
time points.

The biological explanation for the association between
readmissions and increased eosinophils is not clearly
understood. Eosinophils regulate the type 2 immune
response pathway, and exposure to allergens results in
mediator release that contributes to airway inflammation.
Eosinophilia is also associated with a wide variety of
allergic, rheumatologic, infectious, and rare idiopathic
disorders.?® Comorbidities may partly explain the associa-
tion between elevated blood eosinophils and all-cause
readmission in patients with COPD.

The use of ICS prior to and following admission for
AECOPD was also evaluated. ICS use, combined with a long-
acting bronchodilator, has been associated with decreased
AECOPD, most prominently in patients with a history of
frequent exacerbations and elevated eosinophil counts.®?'2*
In this study, the prescription of ICS at discharge was not
significantly associated with decreased readmission at
30 days, and, unexpectedly, ICS prescription at discharge
was significantly associated with increased all-cause readmis-
sion at 12 months. This increased risk could be caused by
clinicians being more likely to prescribe controller ICS
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medications for sicker patients. Alternatively, ICS use has been
associated with increased risk of pneumonia,” and thus long-
term ICS use in these patients may contribute to a greater
readmission risk. These data should be interpreted with caution
because ICS prescription data may not accurately reflect per-
sistent ICS usage; not all prescribers use the Intermountain
EMR prescription database, suggesting that prescriptions may
be under-reported. Also, patient compliance with prescribed
ICS-containing medications and the possible role of selection
bias were unknown.

We found that high blood eosinophil counts are asso-
ciated with significantly lower 12-month mortality. This
observation is in agreement with previous studies,'*'?
although potential confounders influencing the observed
lower mortality rate cannot be ruled out. Among patients
with COPD and persistently elevated eosinophils over
a 2-year period (thresholds of 250, 300, and 350 cells/
puL),'? there was a consistent significantly lower mortality
rate compared with patients with eosinophil counts below
these thresholds. In a separate study showing similar
results (threshold of 150 cells/uL), the authors hypothe-
sized that some beneficial factors may be present in
patients with high eosinophil counts,'® such as better
forced expiratory volume in the 1 second (FEV,), fewer
symptoms, less dyspnea, less emphysema, fewer comor-
bidities, and a lower incidence of pneumonia.13 However,
this association has not been consistently reported.'®**2
In addition, having elevated eosinophil counts predicts
improved response to ICS in patients with COPD,”*"-%
which may influence mortality. Because a greater percen-
tage of deaths occurred in patients with eosinophil counts
<300 cells/uL, this may have influenced the readmission
risk.

Our study provides further evidence that increased
blood eosinophil counts are associated with greater all-
cause readmission at 90 days and 12 months across multi-
ple thresholds, and greater COPD-related readmissions as
early as 30 days for thresholds of 220, 300, and 400 cells/
pL. The lack of a significant association between high
blood eosinophils and all-cause readmission at 30 and 60
days may be because only 30-60% of all-cause readmis-
sions are attributable to COPD, with other causes being
due to comorbidities or socioeconomic factors that may

not be associated with blood eosinophils.?’

Limitations
The current study has several limitations, including OCS
administration, the inclusion of patients with a secondary

diagnosis of asthma, and COPD diagnostic uncertainty.
The association between blood eosinophil counts and read-
mission may be affected by OCS administration prior to
blood eosinophil count measurements because OCS use
decreases both eosinophil counts and function.'**=? In
our patient population, ~5% of patients received OCS in
the 2 weeks prior to eosinophil testing; this percentage was
similar between the high and low eosinophil groups.
Limiting the analysis to patients free of OCS use prior to
eosinophil testing resulted in no change in the association
of high eosinophils with all-cause readmission.

Another potential confounding factor in the current
study was the inclusion of patients with a secondary diag-
nosis of asthma. Asthma is more commonly associated
with eosinophilic inflammation than COPD, and increased
blood eosinophil counts in patients with asthma are asso-
ciated with increased exacerbation frequency.>*~** A recent
historical cohort study investigated the relationship
between high blood eosinophil counts (>350 cells/uL)
and hospital readmission in 2613 patients with asthma
hospitalized for acute exacerbation.’> Results showed
that a high blood eosinophil count in the year before
asthma-related hospitalization is associated with an
increased risk of readmission within the following year.*
A secondary diagnosis of asthma was present in 26% of
the patient population with no difference between the high
and low eosinophil groups. Among the subgroup of
patients with COPD who had a secondary diagnosis of
asthma, the association of blood eosinophil count with all-
cause readmission in the univariable analysis was not
significant, and patients with a secondary diagnosis of
asthma had similar readmission rates compared to those
without asthma. Therefore, the inclusion of patients with
a secondary diagnosis of asthma likely was not responsible
for the association between high blood eosinophils and
readmission.

An additional limitation of this work is uncertainty
regarding the diagnosis of COPD. This limitation is inher-
ent in clinical data sets in which spirometry data, which
are central to the diagnosis of COPD,*® are unavailable for
analysis; spirometry results were available for only 17.6%
of the patients in this analysis. We used /CD-9 and ICD-10
codes to identify patients with COPD and AECOPD; algo-
rithms based on such codes for identifying hospitalized
patients with AECOPD have high specificity and low
sensitivity.’” In addition, we likely missed patients who
were readmitted to non-Intermountain hospitals, and this

may explain why the observed 30-day all-cause
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readmission rate in the current study is approximately half
the reported 30-day all-cause readmission rate for
Medicare patients.*® However, Intermountain Healthcare
is a large integrated system that has relative population
stability, and the system generally has lower readmission
rates than the national population. Finally, our study popu-
lation is racially homogeneous (94% white) and our results
may not apply to more diverse populations.

Conclusion

Blood eosinophilia is not associated with 30-day all-cause
readmission risk in patients with AECOPD. However, the
eosinophilic phenotype in COPD is associated with an
increased risk of all-cause readmission at 90 days and 12
months and COPD-related readmission at all time points
assessed between 30 days and 12 months. Measurement of
blood eosinophils in hospitalized patients with COPD may
be a useful biomarker to help determine the risk of hospital
readmission.
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