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A single administration of glucocorticoid 
increases exercise capacity in men with  
stable chronic obstructive pulmonary disease 
Sebastian Lund Karlsson1, Vibeke Backer2, 4 & Nina Godtfredsen3, 4

Globally, chronic obstructive pulmonary disease 
(COPD) is a common disease, and it is now the third 
leading cause of death worldwide [ ]. The main focus 
of COPD treatment is to reduce progressive decline in 
lung function, to preserve and/or improve the patient’s 
quality of life and level of physical activity while avoid-
ing exacerbations [2]. Evidence for using either oral or 
intravenous glucocorticoids in acute exacerbations of 
COPD (AECOPD) has been described in several studies, 
and a dose of 30-60 mg prednisolone per day for 10-14 

days has been standard treatment, often initiated with 
a higher intravenous bolus dose if the patient is hos
pitalised [3]. However, in stable COPD, the use of long-
term inhaled or systemic corticosteroids has been de-
bated for some years [4]. A Cochrane review concluded 
that the short-term beneficial outcomes of systemic cor-
ticosteroids in AECOPD as well as in stable disease in-
clude improvement in lung function, increased exercise 
capacity (stable COPD) and a lower risk of early relapse 
(AECOPD); however, in both cases, the improvements 
are accompanied by a higher risk of drug-related ad-
verse events than with placebo [5]. Due to the well-
known side effects of systemic steroids such as osteo
porosis, hyperglycaemia, decreased strength of 
respiratory muscles and even a higher mortality rate 
[6], low doses of oral steroids for a long period are not 
recommended in stable COPD.

Corticosteroids enhance performance during endur-
ance activity among athletes and have been on the 
World Anti-Doping Agency’s list of prohibited drugs for 
several years. A beneficial effect of 60 mg prednisolone 
daily for seven days, measured on time to exhaustion at 
70-75% of the maximum oxygen uptake (VO2-max), 
has been shown in a group of healthy, recreationally 
trained men [7]. The same authors found no effect on 
exercise performance in a comparable study of a single 
administration of 20 mg prednisolone [8]. However, it 
remains unknown whether acute administration of a 
high dose of systemic corticosteroid improves exercise 
capacity in patients with stable COPD. The principal 
objective of this study was therefore to evaluate if a sin-
gle administration of oral corticosteroids had an effect 
on exercise capacity, muscular power and symptoms in 
stable male COPD patients. 

METHODS

Design 

The study was a randomised, double-blind, placebo-
controlled, cross-over trial, where patients were ran-
domised to treatment with either 100 mg prednisolone 
or placebo, administered orally. The study was con-
ducted at the Respiratory Research Unit, Bispebjerg 
Hospital, Denmark, and all patients were recruited 
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ABSTRACT
INTRODUCTION: Oral use of glucocorticoids is a well-

described therapy in the treatment of acute exacerbations 

of chronic obstructive pulmonary disease (COPD). Patients 

with COPD occasionally report subjective benefits of 

glucocorticoids in terms of fewer symptoms and better 

exercise performance, even when they do not experience 

exacerbation. This study investigated whether a single high 

therapeutic dose of oral glucocorticoid improves short-term 

exercise tolerance in patients with moderate-to-very severe 

COPD. 

METHODS: In a double-blinded crossover design, patients 

were randomised to either 100 mg of prednisolone or 

placebo. The study consisted of a baseline visit and two 

study visits, each seven days apart. The primary endpoint 

was time to exhaustion (TTE) on an ergometer bike using a 

submaximal exercise test on 70% of the maximal workload. 

On every study visit, spirometry, the COPD Assessment Test, 

maximal inspiratory/expiratory pressure and maximal 

voluntary contraction of the quadriceps muscle were 

measured. A total of 14 male patients with grade C/D COPD 

were randomised. 

RESULTS: The mean TTE was significantly longer at the 

prednisolone visit (p = 0.019), whereas no differences were 

seen on other parameters such as lung function, respiratory 

symptoms or muscle strength.

CONCLUSION: Our finding suggests that COPD patients 

experience improvements in exercise tolerance from a 

single high dose of glucocorticoid even in the stable phase 

of their disease. 

FUNDING: none.

TRIAL REGISTRATION: EudraCT 2012-004503-13.
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from the respiratory outpatient clinic. There were a to-
tal of three visits at a seven-day interval. Baseline val-
ues were measured at visit 1, including an incremental 
exercise test on an ergometer bike. At visits 2 and 3, the 
patients were instructed to take study medication (ei-
ther 100 mg prednisolone or placebo) 3 h before the 
visit. The study medication (active and placebo) was 
prepared by the pharmacy at Glostrup Hospital. The 
packages were neutral and the tablets indistinguish
able. At the baseline visit, all patients gave their written 
informed consent to participate in the study, which was 
conducted according to the principles of Good Clinical 
Practice (GCP). The trial was monitored by the GCP 
unit at Copenhagen University. The Protocol was ap-
proved by the local ethics committees (R. no. H-3-
2012-142), and prior to the study the Danish Health 
and Medicines Authority inspected the study site and 
approved study procedures and settings (EudraCT 
2012-004503-13).

Patients 

Male patients with a forced expiratory volume in the 
1st sec. (FEV1) < 70% of the predicted value and 
FEV1/forced vital capacity < 70% were enrolled. Pa-
tients were between 40 and 75 years of age and had a 
smoking history of > 20 pack-years and were able to 
perform a cycling test. The exclusion criteria were: 
daily use of oral glucocorticoid, exacerbation of COPD 
or any type of infectious disease within six weeks of 
study entry or during the study period, concomitant 
pulmonary disease such as asthma, cystic fibrosis,  
interstitial lung disease, alpha 1-antitrypsin deficiency, 
clinically significant osteoporosis or Type 2 diabetes, 
history of malignancy within the previous five years 
and treatment with beta- blockers or cardiovascular 
diseases that would impair exercise performance. 

All patients were allowed to use their regular in-
haled COPD medication (long- and short-acting beta-
2-agonists and anticholinergics as well as inhaled cor
ticosteroids either in combination with long-acting 
beta-2-agonists or as monotherapy). Theophyllines and 
roflumilast were also allowed. The patients were en-
couraged to use the same dose and administration of 
regular medication on the days of receiving the study 
medication as on any other day.

Baseline characteristics

At the first visit, all subjects had their height, weight 
and lung function measured, and medical history and 
tobacco consumption were recorded.

Questionnaire

At every study visit, the patients filled out the COPD As-
sessment Test (CAT), which is a questionnaire assess-
ing the symptom burden.

Dynamic lung function

Spirometry was measured using maximum expiratory 
flow volume according to the standards specified by the 
European Respiratory Society (ERS) and the American 
Thoracic Society (ATS) 2005 guidelines, using Easy-
One (Spiropharma).

Static lung function and diffusion capacity

Measurement of total lung capacity and diffusion ca-
pacity was performed using Jaeger MasterScreen, and 
residual volume was calculated as a subtraction of slow 
vital capacity from total capacity according to the 
standards specified by the ERS and ATS 2005 guide-
lines. 

Muscle strength

Maximal inspiratory/expiratory pressure (MIP/MEP) 
was measured according to the ATS/ERS Statement  
on Respiratory Muscle Testing (2002) using the RPM 
micro (Carefusion). Maximal voluntary contraction 
(MVC) on the quadriceps muscle was measured using a 
handheld muscle tester (Lafayette instrument) and 
measured in lbs.

Exercise testing

The incremental cycle test was performed after 10 min. 
of warming up on 10 W followed by a 5-min. break to 
apply the oxycon mask. The patients then started ped-
alling at 70-80 rotations/min., initiating the test at 30 
W with an increase of 10 W per min. The W-max for 
each patient was determined as the greatest workload 
reached in a 20-sec. period. The Simulated Mission En-
durance Test (SMET) was defined as described by the 
ERS task force of clinical exercise testing [9] by per-
forming a 5-min. warm-up at 10% of W-max followed 
by 20 min. of 40% of W-max. After 5 min. of rest, the 
patients then performed the SMET on 70% of W-max 
measured as the maximum exercise capacity recorded 
in the incremental test. Time to exhaustion (TTE) was 
measured in sec.

Subjective measurement of shortness of breath

Exertional dyspnoea and leg discomfort (BORG CR10 
scale) [10] were measured immediately after TTE. 

Statistics 

In the cycling test, it is expected that the trial subjects 
can cycle for 360 sec. (± standard deviation (SD) 50). 
By assuming an improvement in W-max of 40 sec. after 
administration of oral prednisolone and adjustment for 
the cross-over design, it was calculated that a sample 
size of nine patients was sufficient (at a power of 0.8 
and (α = 0.05).

Data were analysed in SPSS statistical software ver-
sion 20 (IBM software, Chicago, Illinois, USA).
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For the primary and secondary endpoints, we used 
a paired t-test. Analyses with the Wilcoxon signed-rank 
test (non-parametric testing) yielded the same result.

Baseline characteristics were analysed as mean (± 
SD). The conventional level of statistical significance  
(p < 0.05) was used for all analyses.

Trial registration: EudraCT 2012-004503-13.

RESULTS

Baseline characteristics

Among 16 screened patients, 14 were randomised and 
completed the study. The baseline demographics and 
clinical characteristics of all randomised patients are 
shown in Table 1. The mean age was 66 years, seven 
had very severe COPD (FEV1 < 30% of the predicted 
value), six had severe COPD (FEV1 30-50% of the pre-
dicted value) and one patient suffered from moderate 
disease (FEV1 50-80% of the predicted value) COPD. 
The mean FEV1 (± SD) was 35% (± 10.8) of the pre-
dicted value. The mean (± SD) W-max for the incre-
mental work test at screening was 83.6 W (± 25.6). 

Spirometry and respiratory parameters 

No differences were found in FEV1 between the pla-
cebo and prednisolone visit; FEV1 was 1.14 l (± 0.5) 
and 1.16 l (± 0.53), respectively, p = 0.47. Other res-
piratory parameters were unchanged (Table 2) with 
exception of ventilation per min. at TTE with placebo 
41.14 l/min. (± 10.30), prednisolone 44.21 l/min.  
(± 11.63), p = 0.008 (Table 2). 

Time to exhaustion and muscle strength 

Prednisolone was statistically significantly superior to 
placebo with respect to TTE (p = 0.019).  The mean 
value in the placebo group was 298.86 sec. (± 189.58) 
and in the prednisolone group 393.64 sec. (± 273.36) 
with a mean difference of 94.78 sec. (Figure 1). MIP, 
MEP and MVC were unchanged prior to and after the 
TTE test at both visits (Table 2). 

Symptom scores 

No differences were seen on the BORG dyspnoea scale; 
placebo: 5.23 (± 0.58), prednisolone: 5.67 (± 0.65), 
(p = 0.36) or leg discomfort; placebo: 4.46 (± 2.83), 
prednisolone: 4.14 (± 2.2), (p = 0.52) at TTE. The 
CAT score was equally symptomatic: 12.57 (± 7.93)  
at the placebo visit and13.43 (± 7.37) at the predniso-
lone visit, p = 0.08 (Table 2).

DISCUSSION

The most important finding of the present study is that 
100 mg of orally administered prednisolone signifi-
cantly improved exercise tolerance measured as TTE in 
male patients with severe COPD. Furthermore, the TTE 

TABLE 2

Placebo Prednisolone p-value

FEV1, l 1.1 (± 0.5) 1.2 (± 0.5) 0.47

FEV1, % 36.3 (± 11.9) 36.8 (± 12.4) 0.57

FVC, l 2.5 (± 0.7) 2.5 (± 0.8) 0.72

FVC, % 61.4 (± 12.1) 61.2 (± 13.4) 0.91

FEV1/FVC, % 45.6 ± (11.7) 46.0 (± 11.3) 0.66

Pre-cycling

MIP, cmH2O 78.5 (± 21.8) 75.7 (± 20.0) 0.33

MEP, cmH2O 120.7 (± 38.4) 117.5 (± 26.1) 0.57

Post-cycling

MIP, cmH2O 78.3 (± 21.2) 76.6 (± 20.5) 0.46

MEP, cmH2O 117.4 (± 35.6) 118.4 (± 33.2) 0.77

CAT score 12.6 (± 7.9) 13.4 (± 7.4) 0.08

At TTE

VE, l/min. 41.1 (± 10.3) 44.2 (± 11.6) 0.008

BF/min. 28.6 (± 6.4) 29.9 (± 5.8) 0.35

VO2, l/min 1,263.8 (± 237.3) 1,325.9 (± 246.1) 0.65

VCO2, l/min 1,147.8 (± 294.8) 1,196.3 (± 278.1) 0.87

BF = breathing frequency; CAT = COPD assessment test; COPD = chronic  
obstructive pulmonary disease; FEV1 = forced expiratory volume in 1st 
sec.; FVC = forced vital capacity; MEP = maximal expiratory pressure;  
MIP = maximal inspiratory pressure; TTE = time to exhaustion; VCO2 =  
maximal CO2 expiration; VE = maximal min. ventilation; VO2max = maximal 
O2 consumption.

Mean values (± stan­

dard deviation) after 

100 mg prednisolone  

or placebo (N = 14).

TABLE 1

Mean ± SD

FEV1, l 1.1 ± 0.5

FEV1, % 35 ± 10.8

FVC, l 2.4 ± 0.6

FVC, % 56.9 ± 11.6

FEV1/FVC, % 45.8 ± 10.9

RV, l 4.8 ± 1.8

RV, % 171.0 ± 31.1

TLC, l 7.6 ± 0.94

TLC, % 113 ± 15.5

RV/TLC, % 56 ± 6.5

DLCO/SB, mmol/min/kPa 7.8 ± 9.1

DLCO/VA, mmol/min/kPa/l 1.1 ± 0.3

BMI, kg/m2 25.2 ± 4.9

Pack years 46.3 ± 18.7

CAT score 14.3 ± 6.0

Age, yrs 66.2 ± 6.9

MVC, % 61.6 ± 12.2

VO2max, l/min 17.8 ± 4.7

Wmax, watt 83.6 ± 25.6

CAT = COPD assessment test; COPD = chronic obstructive pulmonary dis­
ease; DLCO = diffusing capacity of the lung for CO; FEV1 = forced expiratory 
volume in 1st sec.; FVC = forced vital capacity; MVC = maximal voluntary 
contraction; RV = residual volume; SB = single breath; SD = standard devi­
ation; TLC = total lung capacity; VA = alveolar volume; VO2max = maximal O2 
consumption; Wmax = maximal work load at the incremental test.

Baseline characteris­

tics of the included pa­

tients (N = 14).
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was not facilitated by improvement in any respiratory 
parameters measured in the study. Prednisolone did not 
seem to affect the peak muscle force of the quadriceps 
muscle, which is the main muscle group involved in this 
exercise testing. The driving force of the increased exer-
cise tolerance therefore necessarily stems from other 
factors than muscle strength and lung function. We do 
not have a precise explanation for our finding. A previ-
ous study suggested that decreased eosinophilic airway 
inflammation following a short prednisolone course had 
a positive effect on shuttle walk distance [11]. How-
ever, a subsequent study with the same kind of treat-
ment could not differentiate patients into groups of cor-
ticosteroid responders or non-responders [12]. Whether 
the difference in TTE found in the present study is of 
clinically significant importance can be questioned since 
the mean difference between the two treatment visits 
(≈ 95 sec.) was marginally lower than the ≈ 100 sec. 
specified by Puente-Maestu et al. to be the estimated 
minimum clinical improvement difference (MCID) 
[13]. However, this value was established in COPD pa-
tients with better lung function than those participating 
in the present study.

Only one study from 1985 has investigated a similar 
hypothesis using an incremental cycling test, and the 
authors found no effect on VO2 consumption or W-max 
[14]. In COPD trials where improvements in exercise 
tolerance have been a primary outcome, studies of 
long- and short-acting bronchodilators in particular 
have found increasing lung function and reduced dyn
amic hyperinflation, suggesting that improvement in 
respiratory parameters is the main mechanism enhanc-
ing exercise performance [15, 16]. However, one study 
demonstrated that a budesonide/formeterol combin
ation had a better effect on exercise tolerance than 
formeterol alone 1-6 h after intake [17]. The mech
anism was suggested to be a non-genomic action of 
budesonide on cells and vasculature, but no further in-

formation regarding possible factors enhancing exer-
cise endurance was provided. 

COPD patients often suffer from impaired muscle 
strength in the lower extremities associated with de-
creased exercise capacity and functional capacity [18]. 
In healthy subjects, corticosteroids have been sug-
gested to inhibit fatigue by preventing an overreaction 
of the immune system that might lead to exercise-in-
duced muscle damage [19]. None of the patients in this 
trial reported any sign of muscle pain or soreness after 
the study visits, indicating that no significant exercise-
induced muscle inflammation occurred. Glucocorti
coids also increase the availability of metabolic sub-
strates such as increased glycogen synthesis, lipolysis 
and plasma-free fatty acids levels, but in patients with 
severe degrees of airflow obstruction, the exercise-lim-
iting factor is mainly due to imbalance between the 
ventilatory capacity and requirements and not to a lack 
of metabolic substances [20].

There are several limitations to the present study, 
e.g., the BORG was not measured at fixed intervals dur-
ing cycling, which would have made it possible to esti-
mate the level of dyspnoea and leg fatigue at isotime. 
Furthermore, we used the CAT score, which is not vali-
dated for detection of symptom variations when visits 
are this close. A different questionnaire specifying these 
aspects could probably illuminate daily symptoms or 
mood changes in a more precise manner. The small 
sample size is also a limitation, and type I statistical er-
ror thus cannot be ruled out. Furthermore, the results 
are not applicable to COPD patients in general and, 
more importantly, only reflect a short-term treatment 
effect. Strengths of this study include the randomised 
double-blinded cross-over design and that every meas-
urement was standardised and performed in the same 
manner on each study visit (visits 2 and 3). However, 
the crossover design also introduces a limitation since 
it is possible that the patients who were given predniso-
lone first and placebo later experienced a short-term 
positive effect on TTE and a negative long-term effect. 
This would skew the results compared with those who 
were given placebo first and then prednisolone.

CONCLUSION

A single administration of 100 mg prednisolone pro-
vides significant improvement in exercise tolerance in 
men with severe COPD, and this might explain why 
some COPD patients are taking corticosteroids “off the 
record” even when not experiencing an exacerbation. 
The study failed to identify the driving factor for the 
improved exercise tolerance, but it did not seem to be 
owed to increased muscle strength, lung function, im-
provements in symptoms or any other respiratory pa-
rameters measured in this study. 

FIGURE 1

Time to exhaustion 

(TTE) on the ergometer 

bike for the active and 

the placebo group.

500.00
TTE, sec.

Placebo Prednisolone

400.00

300.00

200.00

100.00

0.00



5

DANISH MEDICAL JOURNAL

Dan Med J 66/1    January 2019 

CORRESPONDENCE: Nina Godtfredsen.  
E-mail: nina.skavlan.godtfredsen@regionh.dk

ACCEPTED: 4 October 2018

CONFLICTS OF INTEREST: none. Disclosure forms provided by the authors 
are available with the full text of this article at Ugeskriftet.dk/dmj

LITERATURE
1.	 www.who.int/respiratory/copd/burden/en/index.html (6 Feb 2018).
2.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). From the 

global strategy for the diagnosis, management and prevention of 
COPD. 2017. http://goldcopd.org. (6 Feb 2019).

3.	 Walters JA, Tan DJ, White CJ et al. Systemic corticosteroids for acute 
exacerbations of chronic obstructive pulmonary disease. Cochrane 
Database Syst Rev 2014;9:CD001288. 

4.	 Barnes PJ. Glucocorticosteroids: current and future directions. Br J 
Pharmacol 2011;163:29-43.

5.	 Wood-Baker R, Walters J, Walters EH. Systemic corticosteroids in 
chronic obstructive pulmonary disease: an overview of Cochrane sys-
tematic reviews. Respir Med 2007;101:371-7.

6.	 Horita N, Miyazawa N, Morita S et al. Evidence suggesting that oral 
corticosteroids increase mortality in stable chronic obstructive pul-
monary disease. Resp Res 2014;15:37.

7.	 Collomp K, Arlettaz A, Portier H et al. Short-term glucocorticoid intake 
combined with intense training on performance and hormonal re-
sponses. Br J Sports Med 2008;42:983-8.

8.	 Arlettaz A, Collomp K, Portier H et al. Effects of acute prednisolone ad-
ministration on exercise endurance and metabolism. Br J Sports Med 
2008;42:250-4.

9.	 ATS/ACCP statement on cardiopulmonary exercise testing. Am J Respir 
Crit Care Med 2003;167:211-77.

10.	 Chen MJ, Fan X, Moe ST. Criterion-related validity of the Borg ratings of 
perceived exertion scale in healthy individuals: a meta-analysis.  
J Sports Sci 2002;20:873-99.

11.	 Brightling CE, Monteiro W, Ward R et al. Sputum eosinophilia and 
short-term response to prednisolone in chronic obstructive pulmon
ary disease: a randomized controlled trial. Lancet 2000;356:1480-5.

12.	 Burge PS, Calverly PM, Jones PW et al. Prednisolone response in pa-
tients with chronic obstructive pulmonary disease: results from the 
ISOLDE study. Thorax 2003;58:654-8.

13.	 Puente-Maestu L, Villar F, de Miguel J et al. Clinical relevance of con-
stant power exercise duration changes in COPD. Eur Respir J 
2009;34:340-5.

14.	 Strain DS, Kinasewitz GT, Franco DP et al. Effect of steroid therapy on 
exercise performance in patients with irreversible chronic obstructive 
pulmonary disease. Chest 1985;88:718-21.

15.	 O’Donnell DE, Casaburi R, Vincken W et al. INABLE 1 study group. Effect 
of indacaterol on exercise endurance and lung hyperinflation in COPD. 
Respir Med 2011;105:1030-6.

16.	 Beeh KM, Singh D, Di Scala L et al. Once-daily NVA237 improves exer-
cise tolerance from the first dose in patients with COPD: the GLOW3 
trial. Int J Chron Obstruct Pulmon Dis 2012;7:503-13.

17.	 Worth H, Förster K, Eriksson G et al. Budesonide added to formoterol 
contributes to improved exercise tolerance in patients with COPD. 
Respir Med 2010;104:1450-9.

18.	 Singer J, Yelin EH, Katz PP et al. Respiratory and skeletal muscle 
strength in chronic obstructive pulmonary disease: impact on exer-
cise capacity and lower extremity function. J Cardiopulm Rehabil Prev 
2011;31:111-9.

19.	 Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids influence 
stress responses? Integrating permissive, suppressive, stimulatory, 
and preparative actions. Endocr Rev 2000;21:55-89.

20.	 Vogiatzis I, Zakynthinos S. Factors limiting exercise tolerance in 
chronic lung diseases. Compr Physiol 2012;2:1779-817.


