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Abstract

Background: Several recent studies have shown that both lower doses and shorter durations of systemic corticosteroids
have similar efficacy for treatment of acute exacerbation of chronic obstructive pulmonary disease (AECOPD). However,
each trial has limitations that constrain direct applicability to a US hospital population. Objective: The aim of this study was
to determine whether, in a US community hospital, low doses of corticosteroids provide the lowest risk of adverse effects
without increasing length of stay or readmission rate. Methods: A single-center retrospective cohort was performed using
patients meeting criteria for AECOPD. Primary endpoints included length of hospitalization, proportion of patients with
>30% increase in blood glucose from baseline, and rate of 30-day readmission; multivariable regression analysis was used for
comparison. The 3 inpatient cumulative dose range groups were low: <250-mg prednisone equivalents, medium: 251 to 500
mg, and high: 2501 mg. Results: A total of 665 records were evaluated, with 369 records included. As the corticosteroid
dose ranges increased, there were more patients with increased blood glucose (33.3%, 54.4%, 59.9%). When holding all
other factors constant, there was a statistically significant increase in patients with elevated blood glucose with the medium-
and high-dose groups as compared with the low-dose group (P < .009, P <.001), the average length of stay was 21.3 hours
higher in the high-dose group as compared with the low-dose group (P <.001), and there were no significant differences in
readmission rates between the dose groups. Conclusions: The lowest dose range of corticosteroids was associated with
the lowest rate of impaired blood glucose without a statistically significant increase in length of stay or readmission rate.
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Systemic corticosteroids are part of the standard of treatment
for acute exacerbation of chronic obstructive pulmonary dis-
case (AECOPD), with recent data supporting the use of
lower doses for shorter lengths of time.'” A meta-analysis
that compared low doses, defined as 30- to 80-mg predni-
sone equivalents daily, with high doses, defined as greater
than 80-mg prednisone equivalents daily, found no differ-
ence in rates of treatment failure.? In addition, a Cochrane
meta-analysis found that shorter courses of corticosteroids,
defined as 3 to 7 days of treatment, performed as well as
longer courses of corticosteroids, defined as 10 to 15 days of
treatment.” These meta-analyses provide information sug-
gesting that both lower doses and shorter courses are as
effective as higher doses and longer courses. Both studies
evaluated ranges and do not provide consensus on an exact,
ideal regimen. The current Global Initiative for Chronic
Obstructive Lung Disease guidelines suggest a 5- to 7-day
course of corticosteroids for AECOPD, and specifically rec-
ommend a regimen of prednisone 40 mg daily for 5 days.*
The study that supports this specific dose regimen is the
REDUCE trial, which was performed in Switzerland and
compared a 5- with a 14-day course of prednisone 40 mg.’

This prospective randomized trial showed a similar rate of
exacerbation within 180 days of follow-up, as well as similar
time to re-exacerbation between the 2 groups.

There are some concerns when applying the results of the
REDUCE trial to a US hospital population. The US average
length of stay for AECOPD is 4.8 days.° However, in the
REDUCE trial, both arms of the study had hospital lengths of
stay greater than the US average (9.3 days short course, 10.8
days long course).” In addition, all patients in the study
received antimicrobials, and the Global Initiative for Chronic
Obstructive Lung Disease guidelines only suggest their use in
patients with a suspicion of bacterial infection, such as
patients with increase in sputum prurulence.’ In the REDUCE
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trial, additional corticosteroids were allowed, which resulted
in a cumulative mean of 379 mg in the short-course group and
793 mg in the long-course group.’ And finally, in the United
States, there is a concern regarding rates of 30-day hospital
readmission for patients with AECOPD, which was not
assessed by the REDUCE trial.” Our study was performed to
determine whether, in a US community hospital, low doses of
corticosteroids provide the lowest risk of adverse effects
without increasing length of stay or readmission rate.

Methods
Patients and Setting

Institutional review board approval was obtained on August
28, 2015. Patients were selected from a report generated
from our electronic health record using the International
Classification of Diseases, Ninth Revision, code of 491.21
between May 1, 2013, and July 31, 2015. Patients were
included in the study if they met clinical criteria for AECOPD
defined as 2 of the following: increase in dyspnea, increase
in cough frequency, increase in cough strength, or increase in
amount or purulence of sputum. They also needed to receive
at least 1 dose of a systemic corticosteroid. Patients were
excluded if they were admitted to an intensive care unit or
the step-down intensive care unit. They were also excluded if
they were discharged with hospice, or died during the index
admission. Data were collected using a retrospective chart
review. A total of 665 charts were reviewed, with 369
included in the final analysis. Data abstraction was per-
formed by the 2 authors using a detailed protocol.

The data were split into 3 groups: low: <250-mg predni-
sone equivalents, medium: 251- to 500-mg prednisone
equivalents, and high: >501-mg prednisone equivalents.
These groups were chosen using the REDUCE trial’s planned
short-course total of 200-mg prednisone, actual short-course
mean total of 379 mg due to the allowance of extra steroids,
and the planned long-course total of 560 mg.’ Less than or
equal to 250 mg was chosen as our low-dose group in place
of 200 mg because providers at our hospital often give a first
dose of methylprednisolone and this inclusion would put our
lowest dose over the 200-mg cutoff. Inpatient doses that
were documented on the medication administration record
were included.

Endpoints and Measurements

This study was undertaken to determine whether a lower
dose of corticosteroid was as effective as higher doses, while
providing a lower risk of adverse effects. The primary effec-
tiveness outcomes were rates of 30-day hospital readmission
and length of stay. The adverse effect measured was an ele-
vation of blood glucose greater than 30% above the patient’s
baseline. To determine the 30-day readmission rate, we
reviewed the electronic health record for any inpatient

readmissions to our facility within 30 days. Length of stay in
hours was included on the initial report generated from our
electronic health record. An increase of blood glucose greater
than 30% above baseline was determined by dividing the
patient’s maximum blood glucose during their hospitaliza-
tion by the first recorded for the index admission. We chose
to use a 30% increase from each patient’s baseline based
upon data from Islam et al, who found an average increase of
~30% in blood glucose even with low doses of corticoste-
roids, and higher increases seen with larger doses.® Only
blood glucose concentrations drawn as part of the patient’s
metabolic panel were included; point-of-care glucose tests
were not used.

Baseline characteristics of age, sex, diagnosis of chronic
obstructive pulmonary disease (COPD) verified with spi-
rometry, use of home oxygen, oxygen use (L) at admission,
LACE readmission risk score (Length of stay, Acuity of
admission, Comorbid conditions, number of Emergency
department visits), and Charlson comorbidity score were col-
lected.”'® Potential confounders were collected, which
included if the patient had concomitant diabetes mellitus,
notation of hemoglobin A 1c within 6 months of admission to
help assess control of diabetes, if antibiotics were given dur-
ing admission, concomitant diagnosis of pneumonia verified
with a chest radiograph, concomitant diagnosis of acute
decompensated heart failure (ADHF) verified with a
N-terminal pro—B-type natriuretic peptide level greater than
their age-adjusted range, and if they were a current smoker.

Statistical Analysis

All statistical tests were run using IBM SPSS version 24
(IBM, Inc, Armonk, New York). The significance level was
determined a priori for the univariate and multivariable tests
using a Bonferroni adjusted alpha level of P <.0167 per out-
come. Patient baseline characteristics and potential con-
founders were described using descriptive and univariate
statistical tests (1-way analysis of variance for continuous
data and chi-square for categorical data). Binary logistic
regression was performed for the rate of readmission within
30 days, which included covariates that could be considered
impactful in addition to the dose groups. From those poten-
tial covariates, a backward Wald y* process was used to
determine the variables included in the final model. A similar
process was performed for the rate of blood glucose eleva-
tion greater than 30%. For length of stay, multivariable linear
regression was performed. A backward process was utilized
to determine the variables included in the final model, and
collinearity diagnostics were determined. For readmission
and length of stay, the covariables included age, sex, con-
firmed diagnosis of COPD, home oxygen use, amount of
oxygen used at admission, LACE, Charlson comorbidity
score, antibiotic use during admission, confirmed ADHF,
confirmed pneumonia, and whether they were a current
smoker. For increase in blood glucose, the covariables
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Table I. Demographic Information.
Baseline characteristics Total, n (%) Low Medium High P
Total 369 63 (17.1) 114 (30.9) 192 (52.0)
Age 66 68 66 66 0.67
Female 212 (57.5) 37 (58.7) 59 (51.8) 116 (60.4) 0.33
Confirmed COPD 159 (42.9) 22 (34.9) 34 (29.8) 103 (53.6) .02
Home oxygen use 97 (26.3) 8 (12.7) 24 (21.0) 65 (33.9) <.001
Oxygen use at admission 1.6 1.5 1.6 1.7 0.2
LACE 12.2 1.9 12.1 12.3 0.61
Charlson score 3.0 3.1 2.8 3.0 0.42
Confounders
Concomitant DM 159 (43.1) 26 (41.3) 51 (44.7) 82 (42.7) 0.9
Alc for DM patients 72 72 7.6 7.0 0.07
Concomitant ADHF 33 (8.9) 12 (19.0) 10 (8.8) I (5.7) .02
Concomitant pneumonia 55 (14.8) 10 (15.9) 12 (10.5) 33 (17.2) 0.19
Current smoker 150 (40.7) 25 (39.7) 46 (40.4) 79 (41.1) 0.99
Antibiotic use 314 (85.1) 51 (81.0) 96 (84.2) 167 (87.0) 0.54

Note. COPD = chronic obstructive pulmonary disease; LACE = Length of stay, Acuity of admission, Comorbid conditions, number of Emergency

department visits; DM = diabetes mellitus; ADHF = acute decompensated heart failure.

Table 2. Outcomes.

Outcomes Total, n (%) Low Medium High P
Total 369 63 (17.1) 114 (30.9) 192 (52.0)

Blood glucose increased by >30% 198 (53.7) 21 (33.3) 62 (54.4) 115 (59.9) .001
Readmission within 30 d 83 (22.5) 13 (20.6) 19 (16.7) 51 (26.6) 0.11
Length of stay, h 87.9 779 73.6 99.7 .0001

included age, sex, Charlson comorbidity score, and underly-
ing diabetes mellitus in addition to the dose groups.

Results

The baseline characteristics and potential confounders are
described in Table 1, with data from univariate statistical
tests included. Baseline demographic data were similar, with
an increased rate of confirmed COPD in the high-dose group.
In addition, the use of home oxygen was greatest in the high-
dose group; however, there was no difference in the amount
of oxygen used at admission between the groups. The rate of
concomitant ADHF was greatest in the low-dose group.

The outcomes are described in Table 2, with results of
univariate statistical tests included. Using univariate analy-
sis, there was no statistically significant difference in read-
mission rates between the 3 groups. There was a statistically
significant larger percentage of patients with increased blood
glucose in the highest dose group as compared with the low-
est dose group, as well as the highest length of stay in the
high dose group.

Using binary logistic regression, when holding all other
variables constant there was no statistically significant asso-
ciation found between the rates of readmission for either the

Table 3. Binary Logistic Regression Predicting Readmission
From Covariables and Dose Groups.

Predictor B Wald 5> P
Age -0.21 3.961 .047
Home oxygen use 0.588 4.116 .042
LACE 0.245 17.990 <.001
Confirmed ADHF -0.924 2939 .086
Dose groups

Medium -0.555 1.727 .189

High -0.009 0.001 .980

Note. LACE = Length of stay, Acuity of admission, Comorbid conditions,
number of Emergency department visits; ADHF = acute decompensated
heart failure.

medium- or high-dose groups when compared with the base-
line comparator, the low-dose group (Table 3). When holding
all other variables constant, both the medium- (P <.009) and
high-dose (P < .001) groups were associated with a higher
rate of an increase in blood glucose of >30% as compared
with the low-dose groups (Table 4). When holding all other
variables constant, the high-dose group was associated with
a longer length of stay as compared with the low-dose group
(21.3 hours, P <.001, Table 5).
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Table 4. Binary Logistic Regression Predicting Elevated Blood
Glucose From Covariables and Dose Groups.

Predictor B Wald XZ P
Age -0.015 2.930 .087
Charlson score 0.165 5.728 017
Dose groups
Medium 0.870 6.902 .009
High 1.179 14.327 <.001

Table 5. Linear Regression Predicting Length of Stay (Hours)
From Covariables and Dose Groups.

Predictor B t P
Age 0.419 2.321 .021
LACE 6.580 6.225 <.001
Charlson score -5.977 -3.822 <.001
Confirmed ADHF 19.456 2.599 .0l
Confirmed pneumonia 10.560 1.821 .07
Confirmed smoker -9.752 -2.097 .037
Dose groups

Medium -2.158 -0.348 .728

High 21.313 3.675 <.001

Note. LACE = Length of stay, Acuity of admission, Comorbid conditions,
number of Emergency department visits; ADHF = acute decompensated
heart failure.

Discussion

All data were collected from our community, regional medi-
cal center. The overall severity of our population, as deter-
mined by the average Charlson score, is typical for a
community medical center."' In addition, our readmission
rate for AECOPD is similar to other published data; how-
ever, one limitation of our study is that we were only able to
determine readmission to our own facility.'”> The focus of our
study was patients admitted to our medical, cardiac, or surgi-
cal floors. Patients admitted to a higher level of care were
excluded, and the potential need for higher doses of cortico-
steroids in this population was not determined in this study.

Our medical center does not currently provide a suggested
corticosteroid dose for AECOPD. This leads to a wide range
of doses used in the study. This variety helped make our
study possible, and these data will help our hospital make an
informed decision on the optimal dose. However, the dose
range skewed toward the high-dose (>500 mg) group, which
could have had implications on our sample size. We did not
find a statistically significant difference in readmission rates.
However, it is unknown whether this is due solely to there
being no difference, or whether data availability contributed.
We were also limited in the amount of data available, which
was determined by the date we converted to an electronic
health record.

This study was performed as a retrospective, single-center
trial. Readmission is a multifactorial outcome, with facility

differences that can affect readmission rates.'>'* We decided
to limit our study to just 1 site to attempt to control for facil-
ity factors related to readmission. We also used the LACE
tool to help compare readmission risk for the different
groups. However, there are data suggesting that LACE does
not determine readmission risk as well in certain popula-
tions, such as heart failure."® It is unknown how this variabil-
ity may have affected our readmission outcome data. As the
data were collected retrospectively, a list of potential covari-
ables and confounders were collected. Although several of
the baseline characteristics were similar, we did find that the
high-dose group had a higher percentage of patients who had
COPD verified through spirometry, and more use of home
oxygen. In addition, the low-dose group had a higher per-
centage of patients who had a concomitant diagnosis of
ADHF. Taken together, it is possible that the higher dose
group had a portion of patients with a more reliable diagnosis
of COPD. We attempted to control for these group differ-
ences by using multivariable regression analysis.

Our study found that the low-dose group was associated
with a lower amount of patients who experienced a blood
glucose increase of >30% from baseline as compared with
both the medium- and high-dose groups. This finding is con-
sistent to those found in some studies, but not others.*'%!
This potential difference may be due to the way we deter-
mined an increase in blood glucose, which differed com-
pared with other studies.>'® The use of a 30% increase from
each patient’s baseline allowed patients to act as their own
reference point, and assess impact of the corticosteroids
instead of overall control of diabetes.® This potentially pro-
vided a more even comparison while including both patients
with and without diabetes. We also chose to use blood glu-
cose concentrations from their daily metabolic panel which
may have provided more consistency between concentra-
tions. Our results may have been affected by additional blood
glucose data points in patients with longer length of stays
which could have led to a larger chance for a higher blood
glucose ratio.

We did not find a statistically significant association
between readmission rate and dose group, even when hold-
ing possible covariables constant. This is similar to the find-
ings in the REDUCE trial, which did not directly evaluate
readmission, but assessed re-exacerbation.’ It is also consis-
tent with the results of 2 large meta-analyses.”” Our evalua-
tion of differences in length of therapy found that the highest
dose group was associated with the longest length of stay,
while holding other covariables constant. As our study is a
retrospective cohort, we are only able to ascertain an associa-
tion between lengths of stay and dose group, not determine a
direct cause and effect. However, as this was not seen with
the low- or medium-dose group, and similar results were
seen in the REDUCE trial, we feel confident that using lower
amounts of corticosteroids should not lead to an increase in
length of stay.” Future evaluation of length of stay differ-
ences after implementation of a lower dose protocol could
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help determine financial benefits of lower doses of cortico-
steroids beyond savings in medication costs.

Conclusion

When comparing 3 dose ranges of corticosteroids, the lowest
dose range (<250 mg) was associated with the lowest rate of
increased blood glucose, and use of this lower dose did not
appear to impact length of stay or readmission rate. Further
study on the financial benefits of implementing lower doses
of corticosteroids, in terms of total medication cost, length of
stay, and use of medications to combat adverse effects of
higher doses, may be warranted.
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