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Abstract 

Background:  Systemic corticosteroid administration for severe acute exacerbations of COPD (AECOPD) reduces the 
duration of hospital stays. Corticosteroid-sparing regimens have showed non-inferiority to higher accumulated dose 
regimens regarding re-exacerbation risk in patients with AECOPD. However, it remains unclear whether 14-day or 2–5-
day regimens would result in shorter admission durations and changes in mortality risk. We explored this by analysing 
the number of days alive and out of hospital based on two randomised controlled trials with different corticosteroid 
regimens.

Methods:  We pooled individual patient data from the two available multicentre randomised trials on corticosteroid-
sparing regimens for AECOPD: the REDUCE (n = 314) and CORTICO-COP (n = 318) trials. In the 14-day regimen group, 
patients were older, fewer patients received pre-treatment with antibiotics and more patients received pre-treatment 
with systemic corticosteroids. Patients randomly allocated to the 14-day and 2–5-day regimens were compared, with 
adjustment for baseline differences.

Results:  The number of days alive and out of hospital within 14 days from recruitment was higher for the 2–5 day 
regimen group (mean 8.4 days; 95% confidence interval [CI] 8.0–8.8) than the 14-day regimen patient group (4.2 days; 
95% CI3.4–4.9; p < 0.001). The 14-day AECOPD group had longer hospital stays (mean difference, 5.4 days [standard 
error ± 0.6]; p < 0.0001) and decreased likelihood of discharge within 30 days (hazard ratio [HR] 0.5; 95% CI 0.4–0.6; 
p < 0.0001). Comparing the 14-day regimen and the 2–5 day regimen group showed no differences in the composite 
endpoint ‘death or ICU admission’ (odds ratio [OR] 1.4; 95% CI 0.8–2.3; p = 0.15), new or aggravated hypertension (OR 
1.5; 95% CI 0.9–2.7; p = 0.15), or mortality risk (HR 0.8; 95% CI 0.4–1.5; p = 0.45) during the 6-month follow-up period.
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Background and rationale
Current guidelines recommend that systemic corti-
costeroids should be used to treat severe acute exac-
erbations of chronic obstructive pulmonary disease 
(AECOPD) [1]. A meta-analysis of randomised con-
trolled trials (n = 1700) assessed the effectiveness of 
systemic corticosteroids compared to placebo in treat-
ing COPD exacerbations. Most of the studies from the 
meta-analysis were based on hospitalised patients. 
The meta-analysis showed that corticosteroids shorten 
hospital stays by approximately 1 day and have a mod-
erately positive effect on pulmonary function tests and 
30-day re-exacerbation rate, but do not seem to have 
any influence on survival [2]. The effects of systemic 
corticosteroids in treating AECOPD are temporary, 
lasting only 3–5  days. The risk of admission to an 
intensive care unit (ICU) or re-exacerbations after the 
first month appears to be unaltered [2, 3]. Corticoster-
oids affect the expression of various genes, especially 
those regulating the innate and the adaptive immune 
system [4], leading to a variety of beneficial and harm-
ful effects [5–8] such as increasing the risk of acute 
or chronic infections [9, 10], the onset or aggravation 
of diabetes mellitus [11, 12], and osteoporotic frac-
tures[9]. Therefore, minimising the unnecessary expo-
sure of patients with chronic obstructive pulmonary 
disease (COPD) exacerbations to systemic corticos-
teroids is crucial. To date, two RCTs have investigated 
how such unnecessary exposure can be minimised, 
without attenuating the documented beneficial effects 
[13, 14]. In the REDUCE trial, patients hospitalised for 
AECOPD were randomly assigned to either 14  days 
(standard) or 5  days (intervention) of treatment with 
40  mg of daily prednisone. The CORTICO-COP trial 
randomly assigned patients to 5-day (standard) or 
eosinophil-guided (intervention) therapy, with the lat-
ter regimen resulting in a median of 2  days of treat-
ment with prednisolone.

However, it remains unclear whether 14-day or 2–5-
day regimens would result in shorter admission dura-
tions and changes in mortality risk. We explored this 
by analysing the number of days alive and out of hospi-
tal based on two trial populations with different dosing 
regimens.

Material and methods
Study participants
We studied individual patient data from two investigator-
initiated non-inferiority trials of systemic corticosteroids 
for exacerbated COPD. The first study was the REDUCE 
trial, a multicentre randomised controlled non-inferiority 
study (n = 314) comparing a short-term (5  days) with a 
conventional (14 days) systemic corticosteroid treatment. 
From March 2006 through February 2011, consecutive 
patients with AECOPD were screened for eligibility at the 
emergency departments of five Swiss teaching hospitals. 
Inclusion criteria were exacerbation of COPD as defined 
by the presence of at least two of the following: change 
in baseline dyspnoea, cough, or sputum quantity or puru-
lence, age older than 40 years, and a smoking history of 
20 pack-years or more. Exclusion criteria were a history 
of asthma, ratio of forced expiratory volume in 1 s (FEV1) 
to forced vital capacity (FVC) greater than 0.70 as evalu-
ated by bedside post-bronchodilator spirometry prior 
to randomisation, radiological diagnosis of pneumonia, 
estimated expected survival of less than 6 months due to 
severe comorbidity, pregnancy or lactation, prior inclu-
sion in the trial, and inability to provide written informed 
consent. Written informed consent was obtained from all 
patients before randomisation. The follow-up period was 
6 months [13].

The other study was the CORTICO-COP trial, a 
nationwide multicentre prospective trial (n = 318) inves-
tigating eosinophil-guided corticosteroid treatment for 
AECOPD [14]. All consecutive patients admitted to the 
wards of the participating sites were eligible if they were 
included within 24  h of admission, were aged at least 
40  years old, had known airflow limitation (defined as 
post-bronchodilator FEV1/FVC ratio ≤ 0.70), and a spe-
cialist-verified diagnosis of COPD based on stable dis-
ease-state data. Exacerbations were defined according to 
the consensus definition described by the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) com-
mittee: acute worsening of respiratory symptoms that 
results in additional therapy. Exclusion criteria included 
any history of asthma (self-reported or physician-diag-
nosed), life expectancy of less than 30 days, severe COPD 
exacerbation requiring invasive ventilation or admission 
to an ICU, allergy to systemic corticosteroids, severe 
mental illness that could not be controlled by medication, 

Conclusion:  14-day corticosteroid regimens were associated with longer hospital stays and fewer days alive and out 
of hospital within 14 days, with no apparent 6-month benefit regarding death or admission to ICU in COPD patients. 
Our results favour 2–5 day regimens for treating COPD exacerbations. However, prospective studies are needed to 
validate these findings.
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people detained under the act on the use of coercion in 
psychiatry, severe language difficulties or the inability 
to provide written informed consent, pregnancy or lac-
tation, systemic fungal infections, or patients receiving 
more than 10  mg of maintenance systemic corticoster-
oids daily. Written informed consent was obtained from 
patients before randomisation. Patients could only par-
ticipate in the trial once.

Interventions
In the REDUCE trial, patients were randomised to either: 
(a) 5  days of 40  mg daily systemic prednisone, followed 
by 9  days of placebo or (b) 14  days of 40  mg daily sys-
temic prednisone.

In the CORTICO-COP trial, all patients received 80 mg 
of methylprednisolone on day 1, followed by either: (a) 
37.5  mg of daily prednisolone for 4  days or (b) predni-
solone only on the days when peripheral blood eosino-
phil count was ≥  300 cell/microliter Most patients’ first 
eosinophil count was recorded prior to their first dose of 
corticosteroids.

Apart from prednisolone, all participants received 
additional nebulized short-acting beta-2 agonists and 
short-acting antimuscarinic agents as needed while hos-
pitalised. Physiotherapy, supplemental oxygen, and venti-
latory support were administered according to American 
Thoracic Society/European Respiratory Society guide-
lines. We compared the 14-day prednisone group with 
the 2–5  day prednisone group (Fig.  1). The 2–5  days 
prednisone treatment group was considered the refer-
ence group.

Outcome measures
The primary outcome was days alive and out of hospital 
within 14  days after recruitment. We also analysed the 
following short- and long-term secondary outcomes: 
(i) length of hospital stay, (ii) rate of discharge within 
30 days, (iii) all-cause mortality during a 6-month follow-
up period, (iv) combined endpoint ‘ICU admission and 
all-cause mortality’ within 6 months, and (v) newly diag-
nosed or aggravation of pre-existing hypertension.

Statistical methods
Continuous normally distributed variables are pre-
sented as means ± standard deviations (SD), non-nor-
mally distributed data are presented as medians with 
interquartile ranges. Categorical variables are presented 
as counts and proportions. Lengths of hospital stay are 
reported as means ± SD. Cox proportional hazards 
regression models were used to assess the association 
between corticosteroid dose and all-cause mortality 
during the 6-month follow-up period, as well as time to 

discharge within 30 days. The multivariable model was 
adjusted for possible confounding variables, including 
age, sex, smoking status, pre-treatment with antibiot-
ics, and pre-treatment with corticosteroids. Logistic 
regression models were used to analyse the outcomes 
“death or admission to ICU during the 6-month follow-
up period” and “new or aggravated hypertension” and 
adjusted for the same confounding variables. Statistical 
significance was defined as a p-value ≤ 0.05. Statistical 
analyses were performed using SAS version 9·4 (SAS 
Institute, Inc., Cary, NC, USA) and the statistical soft-
ware R (version 3.6.3).

Results
The mean age of the 629 patients included in this study 
was 72 ± 10  years, and 52.5% of them were male. The 
baseline demographic data for the two trials were not 
similar. In the CORTICO-COP trial, the mean age 
was higher, more patients were female, and pre-treat-
ment with antibiotics was more common. In contrast, 
patients in the REDUCE trial were more likely to have 
had pre-treatment with systemic corticosteroids (Addi-
tional file  1: Table  1). In the 14-day regimen group, 
patients were older, fewer received pre-treatment with 
antibiotics and more patients received pre-treatment 
with systemic corticosteroids. In addition, there were 
slight differences in blood pressure between the groups 
at baseline (Table 1).

As shown in Table  2, the number of days alive and 
out of hospital within 14 days was greater for the low–
medium (mean 8.4  days; 95% confidence interval [CI] 
8.0–8.8) than the 14-day regimen group (mean 4.2 days; 
95% CI 3.4–4.9; p < 0.001; Fig.  2A). The 14-day regi-
men group had longer hospital stays (mean difference 
5.4 days [SE ± 0.6]; p < 0.0001; Fig. 2B), and lower like-
lihood of discharge within 30  days (hazard ratio [HR] 
0.5; 95% CI 0.4–0.6; p < 0.0001; Fig.  3). An adjusted 
Cox regression analysis revealed no difference between 
the two groups in mortality risk during the 6-month 
follow-up period (HR 0.8; 95% CI 0.4–1.5; p = 0.45). 
Adjusted logistic models showed there were no dif-
ferences between the two groups in risk of ‘death or 
admission to an ICU’ (odds ratio [OR] 1.4; 95% CI 0.8–
2.3]; p = 0.15) or new/aggravated hypertension (OR 1.5; 
95% CI 0.9–2.7; p = 0.15) during the 6-month follow-up 
period.

As a sensitivity analysis, we looked at the length of 
hospital stay and mortality rates for the 5-day regimen 
compared to the 14-day regimen. The 5-day regimen 
resulted in a shorter length of stay (mean difference, 
5.4  days [SE ± 0.6]; p < 0.0001). The mortality rates in 
both groups were similar during the 6-month follow-up 
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1,363 Assessed for eligibility
in CORTICO-COP

Enrolment

403 Excluded
♦ 118 Declined to participate
♦ 55 Diagnosis of pneumonia
♦ 26 History of asthma
♦ 25 Smoked less than 20 pack-years
♦ 23 Did not meet COPD exacerbation criteria
♦ 23 Diagnosis of heart failure
♦ 133 Other reasons

318 Enrolled and randomly assigned
in CORTICO-COP

717 Assessed for eligibility 
in REDUCE

1,045 Excluded
♦ 132 Declined to participate
♦ 152 Admission after 24 h
♦ 97 Informed consent not possible
♦ 198 Concomitant asthma
♦ 14 Severe mental illness not controlled by 
medication
♦ 108 Enrolled before in the study
♦ 57 Not previously diagnosed with COPD
♦ 41 Alternative diagnosis to COPD more likely
♦ 14 Terminal (life expectancy < 30 days)
♦ 9 Language barriers
♦ 13 Did not tolerate oral corticosteroids (e.g.,
allergy, mania, or delirium)
♦ 29 No oral corticosteroids initiated
♦ 48 Enrolled in another intervention study
♦ 5 Admission to ICU7 transferred to another 
department
♦ 18 In maintenance treatment with oral 
corticosteroids >10 mg
♦ 96 Discharged before inclusion
♦ 7 Other reasons 

314 Enrolled and randomly assigned
in REDUCE

474 Low- or medium-dose treatment
318 from CORTICO-COP

156 from REDUCE
Median dose: 200 mg (155–230)

155 High-dose treatment
Median dose: 560 mg (560–773)

159 Assigned to 
eosinophil-guided

treatment

159 Assigned to 5-day 
treatment

157 Assigned to 5-day 
treatment

157 Assigned to 14-day 
treatment

147 Completed treatment 
per protocol

9 Did not complete 
treatment

1 Lost to follow-up

149 Completed treatment per 
protocol

6 Did not complete treatment
2 Lost to follow-up

140 completed treatment 
per protocol

19 did not complete 
treatment

148 completed treatment per 
protocol

11 did not complete 
treatment

Fig. 1  Flow chart showing the study cohort
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period (HR 0.8 [0.4–1.7]; p = 0.58; Additional file  1: 
Table 2).

Discussion
This two-study meta-analysis showed that patients ran-
domly allocated to the 2–5-day corticosteroid dose group 
had more days alive and out of hospital within 14  days 
after recruitment than those randomly allocated to the 
14-day dose group. In addition, data recorded for the 
lengths of hospital stay and time to discharge favoured 
treatment with 2–5-day dose corticosteroids. Although 
there was no difference between the groups in the risks 
of ICU admission or death and new or aggravated hyper-
tension, there was a trend towards poorer outcomes in 
the 14-day dose group. These observations are consist-
ent with previous observational studies that have shown 
greater risks of infection and mortality when patients 
are treated with corticosteroids for 10  days rather than 
5  days [6, 15]. As in this analysis, the REDUCE trial 
found that the median length of hospital stay in the 5-day 

group dose group was 1  day shorter than in the 14-day 
dose group [13]. Other studies have reached similar con-
clusions regarding the duration of treatment. A recent 
meta-analysis compared short-term (≤ 7  days) with 
longer-term (> 7 days) systemic corticosteroid treatment 
of patients with exacerbation of severe or very severe 
COPD and found no differences in the likelihood of 
treatment failure, risk of relapse, change in lung function 
tests or adverse effects [16]. Several studies suggest that 
an even shorter duration of systemic corticosteroid treat-
ment (e.g., 3 days [17], 5 days [13] or 7 days [18]) may be 
as effective as longer courses in hospitalised patients with 
AECOPD. These results are similar to those of previous 
systematic reviews [19] and support the use of shorter 
systemic corticosteroid treatment regimens.

Corticosteroids are well known for their vast array of 
side effects both in the short term and over an extended 
period [20], including new/aggravated diabetes [12], 
hyperglycaemia, and hypertension [14]. Short-term 
treatment with systemic corticosteroids has also been 

Table 1  Baseline characteristics of study participants from the primary trials

OCS oral corticosteroids, FEV1 forced expiratory volume in 1 s, SD standard deviation, IQR interquartile range

*Data refer to treatment for the index acute COPD exacerbation

**Data refer to treatment prior to index acute COPD exacerbation, defined as daily therapy over 2 days or more directly before the day of inclusion

14-day OCS regimen 2–5 days OCS regimen p value
n = 155 n = 474

Age in years, mean (SD) 72.4 (10.4) 63.3 (10.2) 0.0004

Women, no. (%) 69 (46.3) 224 (47.9) 0.74

Index steroid dose in mg, median (IQR) 560 (560–560) 200 (155–230)  < 0.0001

Smokers, no. (%)

Current 62 (40) 181 (38.2) 0.69

 Past smoker 93 (60) 287 (60.5) 0.90

 Never smoked 0 (0.0) 6 (1.3) 0.16

Medical Research Council dyspnoea scale, no. (%)

 1 4 (2.8) 12 (2.6) 0.90

 2 14 (9.8) 37 (8.0) 0.51

 3 15 (10.5) 116 (25.2) 0.0002

 4 43 (30.1) 144 (31.3) 0.78

 5 67 (46.9) 151 (32.8) 0.0023

Pre-treatment with antibiotics, no. (%)* 21 (13.5) 118 (24.9) 0.0031

Pre-treatment with systemic glucocorticoids, no. (%)** 24 (15.5) 34 (7.2) 0.0019

Pack years, median (IQR) 45 (30–60) 45 (30–58) 0.40

FEV1 baseline, median (IQR) % predicted 28.1 (21.0–40.8) 30.0 (22.2–40.0) 0.40

FEV1 day 30. median (IQR) % predicted 43.1 (32.2–60.0) 41.0 (28.5–55.0) 0.14

Clinical values, median (IQR)

 Blood pressure, mm Hg

  Systolic blood pressure 138 (124–158) 130 (118–145) 0.0019

  Diastolic blood pressure 80 (70–87.5) 72 (65–84) 0.0004

 Heart rate, beats per min 90 (79–105) 89 (80–101) 0.81

 Saturation with supplemental oxygen % 95 (92–97) 95 (93–96) 0.94
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Table 2  Analysis of outcomes

CI confidence interval, HR hazard ratio, OR odds ratio, ICU intensive care unit, SE standard error
a Based on Cox proportional hazards model adjusted for age, sex, smoking status, pre-treatment with antibiotics, pre-treatment with corticosteroids, and Medical 
Research Council dyspnoea scale
b Based on logistic model adjusted for age, sex, smoking status, pre-treatment with antibiotics, pre-treatment with corticosteroids, and Medical Research Council 
dyspnoea scale
c Based on means and standard error

2–5 day regimen 14-day regimen p-value
n = 474 n = 155

Primary outcome measure

Days alive and out of hospital within 14 days, Mean (95% CI) 8.3 (7.9–8.7) 4.2 (3.6–4.9)  < 0.001

Secondary outcome measures

Cumulative median dose corticosteroids (mg)

over 6-month follow-up period (IQR) 322.5 (200–605) 560 (560–773)

Death during 6-month follow-up period

 Adjusted HR (95% CI)a Reference 0.8 (0.4–1.5) 0.45

Death or admission to ICU during 6-month follow-up period

 Adjusted OR (95% CI)b Reference 1.4 (0.9–2.3) 0.25

New or aggravated hypertensionb

 Adjusted OR (95% CI) Reference 1.5 (0.9–2.7) 0.15

Length of hospital stayc

 Adjusted mean days (SE) Reference  + 5.4 (± 0.6)  < 0.0001

Probability of discharge within 30 daysa

 Adjusted HR (95% CI) Reference 0.6 (0.5–0.70)  < 0.0001

Fig. 2  A Days alive and out of hospital within 14 days, B Length of hospital stay
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associated with an increased risk of bone fractures, 
venous thromboembolism, and sepsis [9, 21], as well as 
an increased risk of gastrointestinal bleeding or perfo-
ration [22]. Because of these potentially serious adverse 
effects, it is important to minimise the administration of 
corticosteroids, particularly for patients with frequent 
COPD exacerbations. The introduction of biological 
agents has led to a reduction in systemic corticosteroid 
use in other disease areas [23], and these agents may also 
benefit patients with COPD in the future. Emerging data 
also show that increased levels of blood eosinophils may 
function as a biomarker for a positive response to corti-
costeroid treatment. Conversely, when blood eosinophils 
levels are low, patients with AECOPD may be less likely 
to respond well to systemic corticosteroid treatment [24–
26]. Some evidence suggests that blood eosinophil levels 
may be measured to reduce corticosteroid use in patients 
with COPD exacerbations [24, 27]. Importantly, corticos-
teroid treatment may not benefit patients with exacerba-
tions that are associated with bacterial infections [25, 28]. 
Microbiome studies have demonstrated that AECOPD 
treatment with systemic corticosteroids can result in an 
increased bacterial burden and an increased abundance 
of specific airway microbiota that persists for several 
weeks [29]. Taken together, these data do not support 
the universal prescription of systemic corticosteroids for 

patients with AECOPD and suggest that this could do 
more harm than good in some patients.

The strengths of this analysis included its relatively 
large sample size and the multi-centre RCT design of its 
constituent studies. It is a strength, that all patients were 
randomly allocated to a corticosteroid regimen, which 
eliminates the risk of bias by indication, otherwise a lim-
itation that can be hard to overcome in pooled data; in 
both the REDUCE and CORTICO-COP trials, the corti-
costeroid doses administered were subject to randomi-
sation, and not based on the severity of the disease. We 
used the primary outcome “Days alive and out of hospital 
within 14  days after recruitment” due to its high sensi-
tivity as an outcome measure, and it was used to report 
the results of the CORTICO-COP trial. In addition, 
using this outcome measure avoids lead-time bias since 
patients who died early would not be counted as having 
a short length of stay [14, 30]. Systemic corticosteroid 
therapy seems to shorten the duration of hospital stays 
compared to placebo. Therefore, we only included stud-
ies in which corticosteroids were provided in both trial 
arms. To test our hypothesis, comparison with a placebo 
group was unnecessary. Some limitations do, however, 
need to be considered. We recognize that these two tri-
als were conducted several years apart, and different 
treatment durations could have explanations other than 

Fig. 3  Time to discharge within 30 days
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corticosteroid dose (e.g., the length of hospital admission 
for an AECOPD may have changed due to better commu-
nity COPD services). However, the studies are similar in 
many aspects because there have been few major changes 
in AECOPD treatment during the years between the tri-
als. Approximately half of the patients in the CORTICO-
COP trial were treated with inhaled corticosteroids. We 
did not have access to the corresponding data for the 
REDUCE study population; however, because this was a 
randomised trial, the proportion of patients who received 
ICS should be similar in the two arms of this trial. Impor-
tantly, baseline values differed between the two trials, 
with REDUCE study patients being more ill. Therefore, 
it was necessary to adjust for these differences in our 
analyses (Additional file 1: Table 1). It is also possible that 
the difference in length of admission and mortality risk 
between the 14-day regimen and the 2–5-day regimen 
groups may be attributable not only to corticosteroid 
dose but also to responsiveness to corticosteroids, which 
may be influenced by history of asthma, smoking status 
and blood eosinophil levels. All patients with asthma 
were carefully excluded from both trials. There was no 
difference in the number of current smokers between the 
groups. Unfortunately, there were no blood eosinophil 
count data from the REDUCE study. Finally, our study 
may have lacked the necessary power to reliably evalu-
ate the risk of mortality. Therefore, further studies will be 
necessary to confirm our risk of mortality findings.

Conclusions
In conclusion, our data do not support using 14-day 
systemic corticosteroid regimens to treat hospitalised 
patients with COPD exacerbations. Patients who were 
randomly assigned to 2–5-day systemic corticosteroid 
regimens showed more favourable primary outcomes; a 
result driven by the substantially shorter admission dura-
tions. However, we cannot exclude the possibility that 
these results are due to factors other than corticosteroid 
dose.
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