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Does corticosteroid treatment affect the 
respiratory muscles? 

P.N.R. Dekhuijzen, G. Gayan-Ramirez, M. Decramer 

Atrophy and myopathy of skeletal muscles are well
known side-effects of systemically-administered corti
costeroids. As recently summarized in the journal (1], 
animal studies and clinical observations have shown that 
the respiratory muscles may be involved in this process. 
Administration of systemic corticosteroids in animals 
resul!ed in reduction in diaphragm weight in proportion 
to reductions in total body and peripheral limb muscle 
weight [2-8). 1\vitch and tetanic forces per unit cross
sectional area were the same or reduced compared to 
control animals. Histochemical analysis of the diaphragm 
showed selective type Ilb fibre atrophy (3). 

In the above-mentioned studies, however, short courses 
of supratherapeutic doses of corticosteroids were used. 
Therefore, it appears that in these investigations acute 
steroid-induced atrophy and rhabdomyolysis were studied, 
rather than chronic steroid myopathy. Prednisolone, in 
a dose of 5 mg·kg·1 daily i.m, administered for four 
weeks, appeared to produce another pattern of alterations 
in rat diaphragm [9, 10). Body weight loss and fibre 
atrophy did not occur, but maximal tetanic tension tended 
to decrease. Histological examination showed myogenic 
changes in the diaphragm. These subtle myppathic 
changes are likely to occur more often in clinical practice. 

Clear information on the effects of treatment with sys
temic steroids on respiratory muscle function in patients 
with asthma or chronic obstructive pulmonary disease 
(COPD) is not yet available. In a group of 34 asthmatic 
. steroid-dependent patients, no correlation was found 
between the mean dose of steroids in the last 8 yrs and 
respiratory and peripheral muscle strength (11). These, 
however, were out-patients on continuous treatment with 
low doses, and the effects of repetitive bursts of steroids, 
which may be more harmful, were not investigated. 1n 
a recent report, two patients with asthma and one with 
COPD were described with reduced respiratory and peri
pheral muscle strength, during prolonged treatment with 
high doses of methylprednisolone [12]. Tapering of the 
dose was followed by an increase in respiratory and per
ipheral muscle strength, after three to six months. In 
another s tudy, eight out of 21 consecutive patients, 
who were admitted to hospital with acute exacerbations 
of COPD or asthma, suffered from generalized mus
cle weakness (13). In seven of these eight patients the 
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average daily dose of methylprednisolone during the last 
six months exceeded 4 mg, while this was the case in 
only three of the 13 patients with normal muscle strength. 
This observation suggests that steroid treatment and 
muscle strength are interrelated. 

Since myopathy is known to occur in 20-65% of 
patients treated with steroids (14), this high incidence of 
generalized muscle weakness in COPD patients under 
steroid treatment is not surprising. Concomitantly, the 
large range of incidence between different studies [14) 
discloses that the diagnosis of steroid myopathy may not 
easily be established. Classically, proximal limb muscle 
weakness is a prominent feature. Serum levels of muscle 
enzymes are within normal range, although lactate dehy
drogenase (LDH) is occasionally elevated [12). The 
urinary excretion of creatine is increased (15). Electra· 
myographic investigation of the affected muscle groups 
reveals polyphasic potentials of low amplitude and short 
duration, decreased superposition of motor units, and 
discrete denervation signs [15-17]. Occasional biopsies 
of peripheral muscles revealed type lib fibre atrophy, 
without changes in type I and Ha fibres (14]. Since both 
treatment with systemic corticosteroids and malnutrition 
often occur in COPD patients, it is important to distin
guish their effects on muscle fibre dimensions. In animal 
studies, malnutrition was shown to cause fibre atrophy of 
all fibre types [18], or alternatively of type Ha and Ilb 
[19), in contrast to selective type Jib fibre atrophy, which 
occurs after treatment with fluorinated steroids [3, 10] . 

Although the magnitude of the contribution of steroids 
to reduced muscle strength in COPD patients remains 
unclear, this issue is of great clinical significance. High 
doses of steroids are often administered to patients in 
whom respiratory muscle funct ion may already be com
promised by the underlying disease. For example, in 
COPD, respiratory muscle strength may be reduced due 
to hyperinflation, malnutrition, detraining, and blood gas 
and electrolyte abnormalities. Any additional drug
induced reduction of respiratory muscle force may cause 
respiratory fail ure or weaning problems. Moreover, it is 
suggested that recovery from steroid-induced acute atro
phy may take six months or even more (20, 21]. The 
same duration until recovery was complete has been ob
served in chronic steroid myopathy (12). It may be hy· 
pothesized that repetitive high doses of steroids, given in 
the period that recovery is still incomplete, may have 
even more detrimental effects on respiratory muscle 
function than continuously administered low doses. This 
hypothesis needs further testing. 
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If the respiratory muscles are severely weakened, ven
tilatory failure is expected to occur. In this issue of the 
journal, the study by NACHAzEL and P ALECBK [22) in rats 
demonstrated that arterial carbon dioxide tension (Paco~ 
at rest was unaltered after administration of hydrocorti
sone, 60 mg·kg·1, for eight days. The response to an 
increased ventilatory load, however, was clearly dim
inished in the steroid-treated animals. Although the 
number of animals was small, and anaesthesia may have 
influenced the results, this study stresses the possibly del
eterious effects of corticosteroids on the ventilatory cap
acity. These may be even more prominent if the 
respiratory muscles are already weakened, as in COPD 
patients. 

Future research should be directed towards analysis of 
the effects of clinically relevant doses of steroids on bio
chemical and histochemical characteristics, as well as to
wards the correlation with respiratory muscle performance 
in animal models. Carefully designed clinical trials may 
be performed to evaluate the contribution of steroid treat
ment to reduced respiratory muscle function. Moreover, 
therapeutic interventions to counteract these side-effects 
of steroids may be investigated. The protective effects 
of anabolic steroids are of potential interest [23], as well 
as the beneficial effects of growth hormone [24]. 

Clinically, attention should be paid to the possibility 
that exacerbation of dyspnoea in patients with COPD or 
interstitial lung disease treated with systemic steroids, may 
be caused by weakened respiratory muscles, instead of a 
flare up of the disease. Serial measurements of respira
tory (and peripheral) muscle strength and biopsies of 
peripheral muscles, along with the course of creatinuria, 
may add to the diagnosis. 

Acknowledgement: This study was supported by grants 
from the Dutch Asthma Foundation lllld the "National Fonds 
voor Wetenschappelijk Onderzoek". 

References 

1. Dekhuijzen PNR, Decramer M. - Steroid-induced myo
pathy and its significance to respiratory disease: a known 
disease rediscovered. Eur Respir J 1992; 5: 997-1003. 
2. Moore BJ, Miller MJ, Feldman HA, Reid MB. - Dia
phragm atrophy and weakness in cortisone-treated rats. J Appl 
Physio/ 1989; 67: 242(}.-2426. 
3. Wilcox PG, Hards JM, Bockhold K, Bressler B, Pardy 
RL. - Pathologic changes and contractile properties of the 
diaphragm in corticosteroid myopathy in hamsters: compari
son to peripheral muscle. Am J Respir Cell Mol Bio/1989; 1: 
191-199. 
4. Viires N, Pavlovic D, Pariente R, Aubier M. - Effects 
of steroids on diaphragmatic function in rats. Am Rev Respir 
Dis 1990; 124: 34-38. 
5. Ferguson GT, lrvin CG, Chemiack RM. - Effects of 

corticosteroids on diaphragm function and biochemistry in the 
rabbit. Am Rev Respir Dis 1990; 141: 156-163. 
6. Ferguson GT, Irvin CG, Cherniack RM. - Effects of 
corticosteroids on respiratory muscle histopathology. Am Rev 
Respir Dis 1990; 142: 1047-1052. 
7. Sasson L, Tarasiuk A, Heirner D, Bark H. - Effect of 
dexamethasone on diaphragmatic and soleus muscle mor
phology and fatigability. Respir Physiol 1991; 85: 15-28. 
8. Lewis MI, Monn SA, Sieck GC. - Effect of cor
ticosteroids on diaphragm fatigue, SDH activity, and muscle 
fiber size. J Appl Physiol 1992; 72: 293-301. 
9. Dekhuijzen PNR, Gayan-Ramirez G, Bisschop A, de Bock 
V, Decramer M. - Prednisolone and triamcinolone affect 
contractile properties of rat diaphragm differently. Eur Respir 
J 1992; 5 (Suppl. 15): 481 (Abstract). 
10. Dekhuijzen PNR, de Bock V, Dom R, Gayan-Ramirez G, 
Decramer M. - Different effects of triamcinolone and pred
nisolone on rat diaphragm histopathology. Eur Respir J 1992; 
5 (Suppl. 15): 486 (Abstract). 
11. Picado C, Fiz AJ, Montserrat JM, et al. - Respiratory 
and skeletal muscle function in steroid-dependent bronchial 
asthma. Am Rev Respir Dis 1990; 141: 14-20. 
12. Decramer M, Stas KJ. - Corticosteroid-induced myopa· 
thy involving respiratory muscles in patients with COPD or 
asthma. Am Rev Respir Dis 1992; 146: 800--802. 
13. Rogiers Ph, Lacquet LM, Decramer M. - Steroid
induced myopathy in patients with COPD and asthma. Eur 
Respir J 1991; 4: 346 (Abstract). 
14. Ruff RL. - Endocrine myopathies. In: Engel AG, 
Banker BQ, eds. Myology. 2nd Edn. McGraw-Hill Book Co., 
1986: pp 1871-1906. 
15. Askari A, Vignos PJ, Moskowitz RW. - Steroid myo
pathy in connective tissue disease. Am J Med 1976; 61: 485-
492. 
16. Aflfi AK, Bergman RA, Harvey JC. - Steroid myopa
thy. Clinical, histologic and cytologic observations. Johns 
Hopkins Med J 1968; 123: 158-174. 
17. Yates DAH. - Steroid myopathy. Rheumatol Phys Med 
1971; 11: 28-33. 
18. Lewis MI, Sieck GC, Fournier M, Belman MJ. - Ef
fect of nutritional deprivation on diaphragm contractility and 
muscle fiber size. J Appl Physio/1986; 60: 596-603. 
19. Kelsen SG, Ference M, Kapoor S. - Effects of pro
longed undernutrition on structure and function of the 
diaphragm. J Appl Physio/ 1985; 58: 1354-1359. 
20. van Marle W, Woods KL. - Acute hydrocortisone myo
pathy. Br Med J 1980; 281: 271-272. 
21. Williams TJ, O'Hehir RE, Czuruy D, Home M, Bowes G. 
- Acute myopathy in severe acute asthma treated with intra
venously administered corticosteroids. Am Rev Respir Dis 
1988; 137: 46(}.-463. 
22. NacUzel J, Palecek F. - Respiration in anesthetized rats 
after phrenicotomy and hydrocortisone treatment. Eur Respir J 
1993; 6: 547-551. 
23. Reid MB, Wang N, Haack KE, Miller MJ. - Anabolic 
steroids protect skeletal muscles against cortisone-induced at
rophy. FASEB J 1990; 4: A1068. 
24. Lanz JK, Donahoe M, Rogers RM, Ontell M. - Effects 
of growth hormone on diaphragmatic recovery from malnutri-· 
lion. J Appl Physiol 1992; 73: 801-805. 


