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Abstract
The burden of acute exacerbation of chronic 
obstructive pulmonary disease (AECOPD) is 
staggering on a national and global level. Yet, 
surprisingly, there is a profound lack of treatment 
standardization with glucocorticoids in the treatment 
of AECOPD. In this review, we bring attention 
to specific literature that use a cut-off of 60 mg 
prednisone equivalent per day when distinguishing 
between high-dose and low-dose glucocorticoid 
treatment. We hope this review encourages future 
research to begin incrementally lowering the cut-
off dose of 60 mg to discover if mortality, length 
of hospital stays, and readmission rates change 
between high-dose and low-dose glucocorticoid 
treatment. The final hope would be to establish an 
optimal glucocorticoid dose to treat AECOPD and 
eliminate treatment ambiguity.

Introduction
According to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD), an acute 
exacerbation of chronic obstructive pulmo-
nary disease (AECOPD) is defined as an event 
that worsens a patient’s existing respiratory 
distress beyond the patient’s normal variation 
of breathing status throughout the day or night, 
warranting a change in the patient’s medical 
management.1 The national and global epide-
miological burden of COPD and COPD exac-
erbations is staggering, warranting standard 
treatment guidelines with proven mortality 
benefit to patients with COPD and subsequent 
exacerbations.

Per the latest estimates from the WHO in 
the year 2005, more than 3 million people died 
from COPD representing 5% of all deaths glob-
ally.2 In the USA, according to the Center for 
Disease Control and Prevention (CDC), 44.3 
per 100 000 men and 35.6 per 100 000 women 
over the age of 18 died from COPD in 2014.3 
The prevalence of COPD in some states even 
reached as high as 12.3% in 2014.3 The WHO 
predicts that by the year 2030, COPD will 
become the third leading cause of death world-
wide.2 This health crisis does not come without 
economic burden. In 2010, the estimated 

healthcare cost in the USA was US$50 billion 
to manage COPD.4 The increasing severity of 
COPD in addition to the hospital length of stay 
were responsible for the majority of the costs, at 
roughly US$30 billion dollars.4

The average number of exacerbations annu-
ally is 1–2 per person, with the frequency 
increasing as the disease worsens.5 There is 
a plethora of risk factors that contribute to 
AECOPD that include genetic and environ-
mental. Older age, percentage of predicted 
forced expiratory volume in 1 se (FEV1), dura-
tion of COPD, a productive cough, antibiotic 
or systemic corticosteroid use for COPD in the 
prior year, hospitalization for COPD in the prior 
year and theophylline use at baseline are predic-
tors for higher risks of COPD exacerbations.6 
Bacterial and viral infections are responsible for 
the majority of COPD exacerbations while air 
pollution and other airway inflammatory envi-
ronmental causes represent about 15%–20% of 
exacerbations.5 There are also well-documented 
instances of significant comorbidities that may 
also play a role in the frequency and severity 
of COPD exacerbations. Comorbid conditions 
such as myocardial ischemia, heart failure, aspi-
ration, or even pulmonary embolism. However, 
it is unclear whether these comorbid conditions 
are the cause of the exacerbation or a coinci-
dental finding.

Role of steroids
Glucocorticoid treatment is the gold stan-
dard for treatment of patients with AECOPD, 
regardless of the route of administration (oral 
vs intravenous). In fact, oral administration was 
found to not be inferior to intravenous steroid 
administration with regard to treatment failure 
and length of hospital stay.7 However, it is well 
documented that glucocorticoid administra-
tion versus placebo reduces mortality, length 
of hospital stays, and exacerbation recurrence 
after 1 month.8 But at what cost to the patient?

Glucocorticoids are well-known for their 
vast array of side-effects both in the short term 
and over an extended course. Some docu-
mented side effects include emotional lability, 
psychosis, skin atrophy, myopathy, peptic ulcer 
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disease, increased appetite and subsequent weight gain, as 
well as Cushing’s syndrome.9 They also can induce hyper-
glycemia in patients with diabetes, or osteoporosis in at-risk 
patients and must be used with caution by the prescribing 
physician.10 Longer term risks particularly include avas-
cular necrosis, however, case reports have been published 
of osteonecrosis occurring at even low-doses.11

While the side effects are commonly at higher doses 
rather than lower doses, the optimal dose and duration of 
systemic glucocorticoids in the treatment of AECOPD is 
largely at the discretion of the physician. The GOLD guide-
lines advise using the equivalent of prednisone 40 mg once 
daily for COPD exacerbations in accordance to literature 
that demonstrated no greater treatment failure with low-
dose glucocorticoid therapy versus high-dose glucocorticoid 
therapy.1 12 However, the GOLD guidelines do not discuss 
the effects on mortality rate, length of hospital stay, and 
readmission rates when this dose is administered instead of 
high dose. As a result, an extensive literature search was 
performed to look for data that confirmed the benefits of 
steroid use versus placebo at low doses, in addition to exam-
ining the consequences of low-dose steroid treatment versus 
high-dose steroid treatment when managing AECOPD in an 
attempt to begin the conversation of optimal glucocorticoid 
dosing.

Steroid dosing studies
An extensive literature review was performed using 
PubMed keyword search for ‘AECOPD’, ‘Treatment’, 
‘Mortality’, ‘Length of Hospital Stay’, and ‘Readmission’ 
and relevant papers that studied AECOPD in non-ICU 
admitted patients within the last 10 years were chosen and 
reviewed. Of the 16 papers collected and reviewed, three 
were chosen for their work in examining mortality, length 
of hospital stay, and readmission rates between low-dose 
steroid treatment versus placebo and low-dose steroid 
treatment versus high-dose steroid treatment in patients 
with AECOPD (table  1). For purposes of standardizing 
comparisons, these three papers were also chosen because 
of the glucocorticoid doses that were in accordance with 
our definition of low-dose steroid treatment as less than 
60 mg prednisone equivalent per day and high-dose steroid 
treatment as greater than 60 mg prednisone equivalent per 
day. This cut-off was chosen with reasonable appropria-
tion to the GOLD recommendation of 40 mg prednisone 
equivalent per day, but also aligned with clinical observa-
tions in our own practice, due to the profound lack of a 
clear definition of high-dose and low-dose steroid treat-
ment boundaries in the literature review and review of the 
GOLD guidelines.

With regard to mortality, Aksoy et al established that low-
dose steroids improve mortality in a subset of patients with 
AECOPD, specifically those with eosinophilic AECOPD 
versus those with placebo treatment.13 This study followed 
the Reduction in the Use of Corticosteroids in Exacerbated 
COPD (REDUCE) trial published in 2013 that showed 
mortality is not reduced with 14 days of low-dose predni-
sone treatment as opposed to 5 days of low-dose prednisone 
treatment.14 Furthermore, this followed the study by Wang 
et al published in 2011 that demonstrated that low-dose 
steroid treatment actually led to the lowest mortality rates 

compared with high-dose steroid treatment and placebo 
groups.15

With regard to length of hospital stay, Wang et al did not 
find any statistically significant difference between high-
dose and low-dose steroid treatment groups in 2011.15 
The REDUCE trial in 2013 did find that low-dose steroids 
shortened the median length of stay by 1 day compared with 
the placebo group.14

With regard to readmission rates, the REDUCE trial did 
not find any statistically significant difference in readmis-
sion rates between those with 5 days of low-dose treat-
ment versus those with 14 days of low-dose treatment.14 
However, Aksoy et al did find that readmission rates were 
significantly lower with low-dose steroid treatment versus 
placebo.13 No studies exist that have examined high dose 
versus low-dose steroid treatment and readmission rates.

Conclusion
Low-dose glucocorticoid treatment, defined as 60 mg of 
prednisone equivalent or less, shows definitive mortality 
benefit, reduction of hospital length of stay and lower read-
mission rates versus placebo in the treatment of patients with 
AECOPD. Furthermore, a 5-day course shows no reduction 
in mortality when compared with a 14-day course. Lastly, 
low-dose glucocorticoid treatment shows reduced mortality 
rates in addition to similar hospital length of stay when 
compared with high-dose glucocorticoid treatment. With 
such variation in glucocorticoid administration, nationally 
and globally in the treatment of AECOPD, mostly at the 
discretion of the attending physician, we propose standard-
ization of exacerbation treatment protocols. Based on the 
publications reviewed above, it is reasonable to encourage 
that future studies aim to discover the optimal dosing of 
glucocorticoid treatment using incremental cut-offs lower 
than 60 mg prednisone equivalent per day. This data can 
then be compared with see if mortality, length of stay and 
readmission rates change in reference to low-dose treat-
ment versus high-dose treatment at a 60 mg cut-off.

It is important to recognize that this review was not 
without limitations. The selection of 60 mg as a cut-off 
dose for high-dose and low-dose steroids was chosen based 
on reasonable appropriation to the GOLD criteria, but 
a higher dose commonly administered during our own 
observation and practice. Because of the lack of a true 
definition for high-dose and low-dose steroid treatment, 
it limited the selection of a cut-off dose to a subjective 
process. Furthermore, only three of 16 papers were able 
to be reviewed because of the 60 mg cut-off for high and 
low doses of steroid treatment. The other 13 papers with 
similar points of measurement (mortality, hospital length-
of-stay and readmission rates) had to be excluded due to 
the use of other cut-off doses for high-dose and low-dose 
treatment. Standardization of treatment protocols is imper-
ative to even defining high-dose and low-dose steroid treat-
ment. Only once a cut-off dose can be unanimously agreed 
on, then optimal dosing of glucocorticoid treatment using 
incremental cut-offs lower than 60 mg prednisone equiva-
lent per day can be determined. The final hope is this data 
will further open the door for future meta-analyses that 
can confidently compare mortality, hospital length-of-stay 
and readmission rates between different cut-off doses and 

 on A
pril 19, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2019-001105 on 24 S
eptem

ber 2019. D
ow

nloaded from
 



1163Kichloo A, et al. J Investig Med 2019;67:1161–1164. doi:10.1136/jim-2019-001105

Brief report

Ta
bl

e 
1 

Pu
bl

is
he

d 
lit

er
at

ur
e 

th
at

 e
xa

m
in

ed
 lo

w
-d

os
e 

gl
uc

oc
or

tic
oi

d 
tr

ea
tm

en
t v

er
su

s 
pl

ac
eb

o 
an

d 
lo

w
-d

os
e 

gl
uc

oc
or

tic
oi

d 
tr

ea
tm

en
t v

er
su

s 
hi

gh
-d

os
e 

tr
ea

tm
en

t.

N
am

e 
of

 p
ub

lic
at

io
n

A
ut

ho
r 

of
 p

ub
lic

at
io

n
Ye

ar
 o

f p
ub

lic
at

io
n

Pa
ti

en
ts

 (n
)

D
os

e 
of

 s
te

ro
id

 u
se

d
M

or
ta

lit
y

Le
ng

th
 o

f s
ta

y
Re

ad
m

is
si

on
 r

at
e

A 
re

vi
se

d 
tr

ea
tm

en
t a

pp
ro

ac
h 

fo
r h

os
pi

ta
liz

ed
 p

at
ie

nt
s 

w
ith

 
eo

si
no

ph
ili

c 
an

d 
ne

ut
ro

ph
ili

c 
ex

ac
er

ba
tio

ns
 o

f c
hr

on
ic

 
ob

st
ru

ct
iv

e 
pu

lm
on

ar
y 

di
se

as
e

Ak
so

y 
et

 a
l15

20
18

27
27

40
–6

0 
m

g/
da

y 
fo

r 5
–7

 d
ay

s 
(lo

w
 

do
se

 v
s 

pl
ac

eb
o)

45
%

 m
or

ta
lit

y 
in

 
eo

si
no

ph
ili

c A
EC

O
PD

 
w

ith
ou

t s
te

ro
id

s 
ve

rs
us

 
0.

6%
 w

ith
 s

te
ro

id
s 

(p
=

0.
00

1)
. 7

1%
 m

or
ta

lit
y 

in
 n

eu
tr

op
hi

lic
 A

EC
O

PD
 

w
ith

ou
t s

te
ro

id
s 

ve
rs

us
 

1.
4%

 w
ith

 s
te

ro
id

s 
(p

=
0.

19
).

N
ot

 d
is

cu
ss

ed
30

%
 re

ad
m

is
si

on
 in

 
eo

si
no

ph
ili

c A
EC

O
PD

 n
ot

 
ta

ki
ng

 s
te

ro
id

s 
ve

rs
us

 8
1%

 
ta

ki
ng

 s
te

ro
id

s 
(p

<
0.

00
1)

. 
70

%
 re

ad
m

is
si

on
 in

 
ne

ut
ro

ph
ili

c A
EC

O
PD

 
ve

rs
us

 1
9%

 ta
ki

ng
 s

te
ro

id
s 

(p
<

0.
00

1)
.

Sh
or

t t
er

m
 v

er
su

s 
co

nv
en

tio
na

l g
lu

co
co

rt
ic

oi
d 

th
er

ap
y 

in
 a

cu
te

 
ex

ac
er

ba
tio

ns
 o

f c
hr

on
ic

 
ob

st
ru

ct
iv

e 
pu

lm
on

ar
y 

di
se

as
e,

 th
e 

RE
DU

CE
 

ra
nd

om
iz

ed
 c

lin
ic

al
 tr

ia
l 

(re
du

ct
io

n 
in

 th
e 

us
e 

of
 

co
rt

ic
os

te
ro

id
s 

in
 e

xa
ce

rb
at

ed
 

CO
PD

)

Le
up

pi
 e

t a
l14

20
13

31
4

In
te

rv
en

tio
n:

 p
re

dn
is

on
e,

 4
0 

m
g/

da
y,

 fo
r 5

 d
ay

s 
fo

llo
w

ed
 b

y 
pl

ac
eb

o 
fo

r 9
 d

ay
s 

{n
=

15
7)

 
or

 p
re

dn
is

on
e,

 4
0 

m
g/

da
y 

fo
r 1

4 
da

ys
 {n

=
15

7)
. D

ay
 1

 
tr

ea
tm

en
t w

as
 in

tr
av

en
ou

s 
m

et
hy

lp
re

dn
is

ol
on

e;
 a

ll 
ot

he
r 

tr
ea

tm
en

ts
 w

er
e 

or
al

 (l
ow

 d
os

e 
vs

 p
la

ce
bo

)

Di
ffe

re
nc

es
 in

 m
or

ta
lit

y 
be

tw
ee

n 
5-

da
y 

an
d 

14
-d

ay
 

tr
ea

tm
en

t c
ou

rs
e 

(7
.7

%
 

an
d 

8.
4%

) w
er

e 
no

t 
si

gn
ifi

ca
nt

.

Pa
tie

nt
s 

un
de

r s
ho

rt
-

te
rm

 tr
ea

tm
en

t h
ad

 a
 

sh
or

te
r h

os
pi

ta
l s

ta
y 

w
ith

 a
 m

ed
ia

n 
of

 8
 d

ay
s 

co
m

pa
re

d 
w

ith
 9

 d
ay

s 
in

 th
e 

co
nv

en
tio

na
l 

tr
ea

tm
en

t g
ro

up
 (p

=
0.

04
).

Di
ffe

re
nc

es
 in

 re
ad

m
is

si
on

 
fo

r e
xa

ce
rb

at
io

n 
be

tw
ee

n 
5 

da
y 

an
d 

14
 d

ay
s 

(3
5.

9%
 

an
d 

36
.8

%
) w

er
e 

no
t 

si
gn

ifi
ca

nt
.

Sy
st

em
ic

 s
te

ro
id

s 
in

 a
cu

te
 

ex
ac

er
ba

tio
n 

of
 C

O
PD

—
fro

m
 

gu
id

el
in

es
 to

 b
ed

si
de

W
an

g 
et

 a
l13

20
11

16
4

Pa
tie

nt
s 

re
ce

iv
in

g 
m

or
e 

th
an

 
60

 m
g/

da
y 

w
er

e 
de

si
gn

at
ed

 
to

 th
e 

hi
gh

-d
os

e 
gr

ou
p;

 th
os

e 
re

ce
iv

in
g 

le
ss

 th
an

 o
r e

qu
al

 to
 

60
 m

g/
da

y 
to

 th
e 

lo
w

-d
os

e 
gr

ou
p 

an
d 

th
os

e 
w

ho
 d

id
 n

ot
 re

ce
iv

e 
an

y 
st

er
oi

ds
 d

ur
in

g 
ad

m
is

si
on

 
to

 th
e 

N
IL

 g
ro

up
 (h

ig
h 

do
se

 v
s 

lo
w

 d
os

e)

Th
e 

m
or

ta
lit

y 
ra

te
 in

 th
e 

lo
w

- d
os

e 
gr

ou
p 

w
as

 th
e 

lo
w

es
t a

m
on

g 
th

e 
th

re
e 

gr
ou

ps
 (6

.5
%

, 0
%

, 7
.8

%
 

in
 h

ig
 d

os
e,

 lo
w

 d
os

e 
an

d 
N

IL
, r

es
pe

ct
iv

el
y)

; (
lo

w
 

do
se

 v
s 

hi
gh

 d
os

e 
an

d 
N

IL
 g

ro
up

s, 
p=

0.
04

2 
an

d 
0.

06
3)

.

Th
er

e 
w

er
e 

no
 s

ta
tis

tic
al

 
di

ffe
re

nc
es

 in
 h

os
pi

ta
l s

ta
y 

be
tw

ee
n 

th
e 

th
re

e 
gr

ou
ps

.

N
ot

 d
is

cu
ss

ed

AE
CO

PD
, a

cu
te

 e
xa

ce
rb

at
io

ns
 o

f c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2019-001105 on 24 S
eptem

ber 2019. D
ow

nloaded from
 



1164 Kichloo A, et al. J Investig Med 2019;67:1161–1164. doi:10.1136/jim-2019-001105

Brief report

ultimately determine the optimal steroid dose for treat-
ment of AECOPD.
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