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Corticosteroids represent the most important and frequently used class of anti-Abstract
inflammatory drugs and are the reference therapy for numerous neoplastic,
immunological and allergic diseases. However, their substantial efficacy is often
counter-balanced by multiple adverse events. These corticosteroid-induced
adverse events represent a broad clinical and biological spectrum from mild
irritability to severe and life-threatening adrenal insufficiency or cardiovascular
events.

The purpose of this article is to provide an overview of the available data
regarding the frequency, screening and prevention of the adverse events observed
in adults during systemic corticosteroid therapy (topically administered cortico-



862 Fardet et al.

steroids are outside the remit of this review). These include clinical (i.e. adipose
tissue redistribution, hypertension, cardiovascular risk, osteoporosis, myopathy,
peptic ulcer, adrenal insufficiency, infections, mood disorders, ophthalmological
disorders, skin disorders, menstrual disorders, aseptic necrosis, pancreatitis) and
biological (i.e. electrolytes homeostasis, diabetogenesis, dyslipidaemia) events.
Lastly, data about the prescription of corticosteroids during pregnancy are pro-
vided. This review underscores the absence of data on many of these adverse
events (e.g. lipodystrophy, dyslipidaemia).

Our intent is to present to practitioners data that can be used in a practical way
to both screen and prevent most of the adverse events observed during systemic
corticosteroid therapy.

For many decades, corticosteroids have been the The aim of this literature review is to put forward
certainties and uncertainties concerning adversereference therapy for numerous neoplastic, immuno-
events due to systemic (i.e. oral, intravenous orlogical and allergic diseases. The prevalence of peo-
intra-muscular) corticosteroid therapy and to presentple receiving corticosteroids for at least 3 months in
data that can be used by practitioners in a practicalthe general population has been estimated to range
way to both screen and prevent most of these ad-from 0.2% to 0.5%.[1,2] However, their substantial
verse events. Although topically administered corti-efficacy in many diseases is often counter-balanced
costeroids are absorbed and can produce systemicby multiple adverse events. These are well known
adverse effects, they are outside the remit of thisby physicians, but are also known by patients who
review as is budesonide, an oral corticosteroid withoften associate corticosteroids with moon face,
a low-systemic bioavailability.[5]

weight gain and a restriction of their diet. If physi-
cians carefully survey adverse events that they con- 1. Literature Search Methodology
sider as serious (e.g. metabolic disorders, osteo-

To identify studies reporting the frequency ofporosis, infections), the experience shows that pa-
corticosteroid-induced adverse events, we searchedtients feel more concerned by ‘visible’ (e.g.
the electronic database MEDLINE from 1966 tolipodystrophy, acne) or ‘disturbing’ (e.g. mood dis-
October 2005 as well as the Cochrane Controlledorders, insomnia, hyperphagia) events. These ad-
trials registration for the following medical subjectverse events, which are considered to be invalidat-
headings (MeSH) and text words: (‘prednisone’ ORing by patients, may limit the compliance to cortico-
‘prednisolone’ OR ‘methylprednisone’ OR ‘dexa-steroids. On the one hand, medical research has
methasone’) AND (‘adverse events’ OR ‘adverse

allowed a better knowledge of physiopathological
effects’ OR ‘side effects’) AND (‘controlled trial’

mechanisms of action, indications and the optimal OR ‘clinical trial’ OR ‘meta-analysis’ [publication
method of administering corticosteroids. On the oth- type]) AND (‘English’ OR ‘French’ [language]).
er hand, few publications have focused on frequen- We also compiled citations from the reference lists
cy, prevention, screening and treatment of many of original and review articles.
corticosteroid-induced adverse events. Moreover, A total of 244 were identified as being potentially
although some papers mention an extreme incidence suitable for the study. After excluding irrelevant
of adverse events, others point out that many prob- articles, 52 publications were full-text reviewed, 19
lems classically attributed to corticosteroids occur in of which described in detail the observed adverse
increased incidence in the diseases being treated events (tables I and II).
with corticosteroids. Peptic ulcer, for example, does Between October 2005 and October 2006, we
not seem to occur more frequently in corticosteroid- performed a MEDLINE and Cochrane Controlled
treated patients with cirrhosis or asthma when com- trials registration search to identify studies focusing
pared with controls with the same disease.[3,4] on each of these corticosteroid-induced adverse

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (10)
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Table I.  Studies reporting the spectrum of corticosteroid-induced adverse events

Year of Type of study No. of patients Mean age (y) Mean daily dosage of Corticosteroid(s) Mean duration of Reference
publication prednisone equivalent therapy (y)

(mg)
2001 Randomised, placebo- 42 78 NA Prednisone 2 6

controlled

2002 Randomised, placebo- 81 62 <10 Prednisone 2 7
controlled

2005 Randomised, placebo- 192 51 <10 Prednisolone 2 8
controlled

2004 Randomised, placebo- 72 72 ≤25 Prednisone <76wk 9
controlled

1997 Randomised 178 36 <40 Prednisolone 12wk 10

1998 Randomised 201 33 <40 Prednisone 8wk 11

1968 Case-control 550 cases, NA NA NA NA 3
499 controls

1972 Case-control 50 cases, 45 <10 Prednisone 57mo 12
50 controls

1984 Case-control 100 cases, 77 <10 Prednisolone 4.8 13
100 controls

1994 Case-control 112 cases, 52 <10 Prednisone 5 14
112 controls

2001 Case-control 367 cases, 69 NA Prednisolone 5.5 15
734 controls

1997 Prospective cohort 72 40 13 Prednisone/deflazacort 37mo 16

2005 Prospective cohort 146 49 600 Methylprednisolone 3d 17

2007 Prospective cohort 80 59 42 Prednisone 3mo 18

1965 Retrospective cohort 47 NA 4–12 Triamcinolone 5–8 19

1997 Retrospective cohort 175 73 <10 NA 2.4 20

1997 Retrospective cohort 115 67 NA Multiple corticosteroids NA 21

2000 Retrospective cohort 163 14 15 NA >7 22

2003 Retrospective cohort 120 75 14 Multiple corticosteroids 26mo 23

1994 Meta-analysis 24

2002 Review study 25

NA = data not available.
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Table II.  Clinical adverse events reported in these studiesa

Reference Lipodystrophy Hypertension Osteoporosis Myopathy Peptic Infection Mood Ophthalmological Skin Menstrual
ulcer disorders disorders disorders disorders

Jover et al.[6] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Van Everdingen et al.[7] ✓ ✓ ✓ ✓ ✓ ✓ ✓

Wassenberg et al.[8] ✓ ✓ ✓ ✓ ✓ ✓

Caporali et al.[9] ✓ ✓ ✓ ✓ ✓ ✓ ✓

Campieri et al.[10] ✓ ✓

Bar-Meir et al.[11] ✓ ✓ ✓ ✓ ✓

Smyllie and Connolly[3] ✓ ✓ ✓ ✓ ✓

Lieberman et al.[12] ✓ ✓ ✓ ✓

Thomas[13] ✓ ✓ ✓ ✓

Saag et al.[14] ✓ ✓ ✓ ✓

Walsh et al.[15] ✓ ✓ ✓ ✓ ✓

Rizzato et al.[16] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Chibane et al.[17] ✓ ✓ ✓ ✓

Fardet et al.[18] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Shubin[19] ✓ ✓ ✓ ✓ ✓ ✓ ✓

Gabriel et al.[20] ✓ ✓ ✓ ✓ ✓ ✓

Akerkar et al.[21] ✓ ✓ ✓

Covar et al.[22] ✓ ✓ ✓ ✓ ✓ ✓

Proven et al.[23] ✓ ✓ ✓ ✓ ✓

Conn and Poynard[24] ✓ ✓ ✓ ✓ ✓ ✓

Schacke et al.[25] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

a Adrenal insufficiency, pancreatitis and aseptic necrosis were not reported in these studies.

✓ indicates adverse event reported.
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events. The search strategy included terms for sys- of these studies are retrospective and the lack of
temic corticosteroids (‘prednisone’ OR ‘pred- precise diagnostic criteria and/or an agreed-upon
nisolone’ OR ‘methylprednisone’ OR ‘dexametha- method to diagnose corticosteroid-induced lipodys-
sone’) and terms for adverse events (e.g. ‘myopa- trophy may explain these differences, as lipodys-
thy’, ‘aseptic necrosis’). Clinical trials and meta- trophy is still exclusively diagnosed in a subjective
analyses written in English or French language were and observer-dependent manner. In a prospective
screened with regard to the data on the frequency, study, we recently found a cumulative incidence rate
screening and prevention of each adverse event. of corticosteroid-induced lipodystrophy after 3, 6, 9
Since many of corticosteroid-induced adverse and 12 months of prednisone therapy of 61%, 65%,
events depend on dose and duration of treatment, 68% and 69%, respectively.[26]

incidence/prevalence is related to a particular popu- Data on potential risk factors for corticosteroid-
lation of patients. Thus, when available, we chose to induced lipodystrophy are surprisingly sparse. To
report the relative risk (RR)/odds ratio (OR) rather our knowledge, no data are available regarding the
than prevalence/incidence data. daily corticosteroid dosage (15–30 mg/day?[27]) and/

Because a complete literature review about the or the duration of therapy inducing lipodystrophy.
mechanisms involved in the adverse events of corti- Wassenberg et al.[8] found that even a very low dose
costeroids has been already published,[25] we chose of prednisolone (5 mg/day) induced ‘Cushing’s syn-
not to focus on this topic in this review. drome’.

In the 1980s, two teams showed that high-residu-
2. Clinical Adverse Events al secretion of hydrocortisone or decreased clear-

ance of prednisolone may be risks factors for corti-
costeroid-induced lipodystrophy.[28,29] More recent-

2.1 Adipose Tissue Redistribution ly, we showed that the risk of lipodystrophy after 3
months of therapy was higher in women (OR 10.87;Morphological changes that create a ‘Cushin-
95% CI 2.43, 58.82), patients aged <50 years (ORgoid’ aspect are often observed during long-term
11.11; 95% CI 2.19, 37.89), patients with a highsystemic therapy with corticosteroids. Clinically,
initial body mass index (OR 1.56; 95% CI 1.21,adipose tissue accumulates in the facial (‘moon
2.03, per increment of 1 kg/m2) and patients withface’), dorsocervical (‘buffalo hump’) and abdomi-
high calorie intake (OR 6.11; 95% CI 1.35, 27.75,nal regions, whereas subcutaneous fat thickness is
when >30 kcal/d/kg).[26] Lipodystrophy is usuallyreduced in the limbs. Abdominal visceral fat ac-
reversible when prednisone equivalent daily dosagecumulation is suspected. We prefer to use the term
is <10 mg/day.[30] A low-calorie diet may then be‘corticosteroid-induced lipodystrophy’ to refer to
prescribed for corticosteroid-treated patients to limitthese morphological changes.
the risk of corticosteroid-induced lipodystrophy.While corticosteroid-induced lipodystrophy is
Because lipodystrophy is associated with features ofconsidered by patients as the most distressing ad-
the metabolic syndrome, such as insulin resistance,verse event induced by corticosteroids,[18] few stud-
dyslipidaemia and high blood pressure,[31] it shouldies have focused on these morphological changes.
not be considered by physicians to be only an aes-The prevalence of corticosteroid-induced lipodys-
thetic challenge.trophy widely varied in the literature. Shubin[19]

The frequency and clinical implications of adi-found that 7 of 47 (15%) patients had ‘moon face’
pose tissue redistribution are listed in table III.after short-term (<3 months) therapy with 10–30

mg/day of a prednisone equivalent. More recently,
others[10,11] have reported incidence rates of 33–40% 2.2 Hypertension
after 8–12 weeks of treatment (mean prednisone
dosage: 23 mg/day). Hypertension is a well known adverse event of

Long term corticosteroid-therapy (≥3 months) corticosteroid therapy. Its frequency varies in the
was linked to ‘moon face’, ‘cushingoid appearance’ literature and depends on the duration and the daily
or ‘cushingoid faces’ rates of 32–83%.[6,19,22] Most dosage of corticosteroids and of the studied popula-

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (10)
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Table III.  Frequency and clinical implications of corticosteroid-induced clinical adverse effects

Adverse clinical event Frequency Clinical implications
Adipose tissue distribution 61%, 65%, 68% and 69% after 3, 6, 9 Inform the patient about the high frequency and reversibility of

and 12 months of high-dose prednisone corticosteroid-induced lipodystrophy
therapy, respectively A low-calorie diet may be useful in the prevention of corticosteroid-

induced lipodystrophy
Systematic screening of metabolic disorders associated with
corticosteroid-induced lipodystrophy

Hypertension OR 2.2 (95% CI 1.4, 3.8) Systematic screening of corticosteroid-induced hypertension, in
particular during the first months of therapy and in patients with
corticosteroid-induced lipodystrophy
Low-salt diet probably ineffective for the prevention of
corticosteroid-induced hypertension

Cardiovascular risk OR 1.25 (95% CI 1.21, 1.29) to 2.56 Inform the patient about the symptoms and the need to consult his/
(95% CI 2.18, 2.99) her physician if they occur

Osteoporosis OR 4.2 (95% CI 1.4, 12.9) Measurement of the bone mass density before initiation of a long-
term systemic corticosteroid therapy at a baseline daily dosage
≥7.5mg
Annual examination thereafter
Calcium/vitamin D and/or bisphosphonates when necessary
Exclusion or prevention of the other concomitant osteoporosis risk
factors

Myopathy OR 6.7 (95% CI 4.8, 9.3) Systematic clinical screening of corticosteroid-induced myopathy
Systematic recommendation of physical training

Peptic ulcer OR 1.2 (95% CI 0.8, 2.1) to 2.3 A systematic prevention is not justified
(95% CI 1.4, 3.7) Avoid the association of corticosteroids and NSAIDs

Adrenal insufficiency Undetermined Inform the patient about symptoms

Infections RR 1.6 (95% CI 1.3, 1.9) for infectious Systematic prevention of tuberculosis for patients starting long-term
events; OR 1.2 (95% CI 1.0, 1.6) for systemic corticosteroid and with a positive tuberculin skin test?
bacterial sepsis Inform patients to avoid people with chickenpox and to report this

to their doctor if they are in inadvertent contact
When appropriate, prevention of strongyloidiasis
When possible, recommend vaccinations before starting
corticosteroids

Mood disorders OR 1.3 (95% CI 0.8, 2.1) for psychosis; Inform patients (and possibly their families) of the high frequency of
frequency of irritability or anxiety: mood disorders
5–40%; frequency of insomnia:
approximately 50%

Ophthalmological OR 1.41 (95% CI 1.22, 1.63) for ocular Regular ophthalmological examination (the optimal schedule is
disorders hypertension; prevalence of posterior unknown)

subcapsular cataract: about 10%

Skin disorders Prevalence of trophic disorders: Prescription of emollients?
2–73%; hirsutism: 2–26%; acne: 0–29%

Menstrual disorders Prevalence: 16–39% Inform patients

Aseptic necrosis Prevalence: 1–16%

Pancreatitis Undetermined Consider pancreatitis in corticosteroid-treated patients who report
newly developed digestive symptoms such as abdominal pain or
nausea

OR = odds ratio; RR = relative risk.

tions. In a meta-analysis of randomised, double- dose dependant.[32,33] In the study by Sato et al.,[32]

blind, controlled trials, an OR of 2.2 (95% CI 1.4, corticosteroid-induced hypertension was diagnosed
3.8) for developing hypertension in corticosteroid- only in patients receiving >20 mg/day of prednisone
treated patients versus controls was demonstra- equivalent. In patients >65 years, low calcaemia or a
ted.[24] Risk factors for corticosteroid-induced hy- past history of familial hypertension seemed to be
pertension are unknown. Some authors report that risks factors for corticosteroid-induced hyperten-
the risk of corticosteroid-induced hypertension is sion.[32] Hypertension seems to appear early after the

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (10)
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initiation of corticosteroids.[18,32,33] Nevertheless, ischaemic stroke (OR 0.95; 95% CI 0.89, 1.01). The
because an increased mean blood pressure may be risk was higher for patients receiving corticosteroids
observed in patients who develop corticosteroid- at the time of the cardiovascular event and a dose-
induced lipodystrophy,[31] patients must be carefully effect relationship was evidenced. Risk slowly de-
screened for hypertension for the duration of ther- creased with time after corticosteroid treatment
apy. The pathophysiological mechanisms of cortico- stopped.
steroid-induced hypertension are still uncer- In the second study[41] of 68 781 patients exposed
tain.[34,35] to corticosteroids and 82 202 controls, multivariate

Compared with Cushing disease, it is easy to analysis showed that patients exposed to ≥7.5 mg/
consider hypertension to be secondary to the miner- day of systemic predsnisolone equivalent had a
alocorticoid effects of corticosteroids and to sodi- higher risk of cardiovascular events compared with
um/water retention. Nevertheless, the mineralocorti- non-exposed controls (OR 2.56; 95% CI 2.18, 2.99).
coid activity of synthetic molecules is lower than This risk was significant for heart failure (OR 3.72;
that of cortisol. When this activity is equal to 1 for 95% CI 2.71, 5.12), myocardial infarction (OR 3.26;
cortisol, it is <0.5 for prednisone and prednisolone, 95% CI 2.60, 4.09) and ischaemic stroke (OR 1.73;
and near 0 for methylprednisolone and dexameth- 95% CI 1.22, 2.44).
asone.[36,37] Moreover, some authors have shown Sudden death is an exceptional event in cortico-
that hypertension is probably not linked with the steroid-treated patients. Rare cases of cardiac ar-
potential mineralocorticoid activity of corticoster- rhythmia have been reported after a pulse of cortico-
oids.[33,36,38,39] First, administration of spirono- steroids. In 1989, an exhaustive review of severe
lactone (or mineralocorticoid-antagonists that inhib- cardiovascular complications of pulses gathered 18
it water and sodium retention), did not prevent or events including 12 sudden deaths related to ar-
control corticosteroid-induced hypertension.[33,39] rhythmia or myocardial infarction.[42] The relation-
Secondly, dexamethasone and prednisolone induced ship between these episodes and dyskalaemia is not
hypertension despite their natriuretic effects.[36] clear; some authors have reported normokalaemia at
Thirdly, in patients treated with 1 mg/day of cortico- the time of cardiac arrhythmia.[43-45] However, intra-
tropin for 5 days, mean blood pressure increased by cellular potassium depletion can not be excluded.
12mm Hg in spite of a very low-sodium diet (<1g of Direct alteration of myocardial conduction by corti-
sodium per day).[38] Pathophysiological mechanisms costeroids has been hypothesised.[46]

of corticosteroid-induced hypertension may then in- The frequency and clinical implications of
volve an increase of myocardial contractility.[25] cardiovascular risk in patients receiving corticoster-

The frequency and clinical implications of corti- oid therapy are listed in table III.
costeroid-induced hypertension are listed in table
III. 2.4 Osteoporosis

2.3 Cardiovascular Risk
Patients who are subjected to long-term cortico-

steroid therapy develop an increased risk of osteo-Two studies are available in the literature regard-
porosis, which is associated with a high risk of boneing cardiovascular risk in corticosteroid-treated pa-
fracture. Corticosteroid-treated postmenopausaltients. In the first study,[40] which included 50 656
women have a 4-fold risk of osteoporosis comparedpatients aged >50 years and diagnosed with is-
with controls (OR 4.2; 95% CI 1.4, 12.9).[47] Thechaemic stroke, myocardial infarction or cardiac
bone loss depends on corticosteroid dosage[48,49] andinsufficiency and 50 656 controls, present or past
is observed when dosage is >5 mg/day of prednisonesystemic corticosteroid therapy was associated with
equivalent.[50-52] Bone loss is major during the first 6an increased risk of a cardiovascular or cerebrovas-
months of therapy (about 10%) and decreases there-cular event (OR 1.25; 95% CI 1.21, 1.29). This risk
after (about 2–5% per year).[25,53,54]was significant for cardiac insufficiency (OR 2.66;

95% CI 2.46, 2.87) and cardiac ischaemia (OR 1.20; Compared with control subjects, the risk of hip
95% CI 1.11, 1.29), but was not significant for and vertebral fractures is 2- to 6-fold higher in

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (10)
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corticosteroid-treated patients.[48,49,55-57] Fracture ticosteroids concurrently upregulate RANKL and
risk increases not only with the dosage and treat- suppress OPG in osteoblastic cells in vitro, and are
ment duration of corticosteroids, but also with fe- among the most powerful drugs to suppress OPG
male sex, older age and lower bodyweight.[58,59] serum levels in vivo.[73] Corticosteroids also exert

direct effects on calcium metabolism and sex hor-A measurement of the bone mass density is re-
mones.[25,48]commended before initiation of systemic cortico-

The frequency and clinical implications of corti-steroid therapy at a baseline daily dosage of ≥7.5mg
costeroid-induced osteoporosis are listed in table III.and planned to last >1 or 3 months.[48,60] An annual

examination is thereafter recommended.[48] Al-
2.5 Myopathythough most physicians are aware of the risk of

osteoporosis, >50% of patients on significant doses
In a case-control study,[15] muscle weakness wasof corticosteroids are not investigated for this ad-

6.7 (95% CI 4.8, 9.3) times more frequent in cortico-verse event.[61]

steroid-treated patients (n = 367) than in control
Three meta-analyses showed that calcium and subjects (n = 734) [unadjusted OR]. In this study,

vitamin D were effective in the prevention of corti- there was a highly significant dose relationship be-
costeroid-induced osteoporosis,[62] and that biphos- tween corticosteroid dosage and muscle weakness
phonates were effective for its prevention and treat- (OR = 1.5; 95% CI 0.8, 3.0, for a mean prednisolone
ment.[63,64] Guidelines for the prevention of cortico- equivalent dosage = 11.7 mg/day vs 5.1 mg/day; OR
steroid-induced bone loss have been published,[65]

= 2.5; 95% CI 1.2, 5.0, for a mean prednisolone
but in spite of these consensual recommendations, equivalent dosage = 23.6 mg/day vs 5.1 mg/day and
>50% of patients do not receive adequate preven- OR = 3.3; 95% CI 1.5, 7.0, for a mean prednisolone
tion.[66-68] Women are more likely than men to re- equivalent dosage = 60.6 mg/day vs 5.1 mg/day).
ceive intervention (OR 4.41; 95% CI 2.17, 9.10), Biologically, muscle enzymes are usually nor-
and rheumatologists perform better than internists, mal,[74,75] even if Naim and Reed[76] found that 5 of 9
pulmonologists or other physicians.[66] After discon- children receiving long-term high-dose corticoster-
tinuation of corticosteroid therapy, osteoporosis oids with electromyogram findings consistent with
seems to be (partially) reversible.[54]

corticosteroid-induced myopathy had muscle
Both cross-sectional and longitudinal studies enzyme elevation (all of these children received

demonstrated significantly stronger losses of trabec- corticosteroids for juvenile dermatomyositis). Urin-
ular than of cortical bone.[69] Corticosteroids are ary creatine excretion may be increased.[75,77] Physi-
responsible for both quantitative and qualitative del- cal training prevents and improves corticosteroid-
eterious effects on bone through their effects on induced myopathy,[78-80] which regresses after corti-
bone cells, mainly osteoblasts (corticosteroid-in- costeroid withdrawal within a few days to several
duced bone loss results from stimulation of osteo- months.[81,82] Corticosteroids affect skeletal muscle
clast-mediated bone resorption and reduction of os- directly by interference with oxidative phosphoryl-
teoblast-mediated bone formation). Corticosteroids ation, inhibition of protein synthesis and impairment
directly affect the osteoprotegerin (OPG)/receptor of muscle membrane excitability.[83,84] Type II fibre
activator of nuclear kappa-B (RANK)/RANK ligand atrophy is the most common abnormality with re-
(RANKL) cytokine system.[70] The soluble cytokine duced type II mean fibre areas.[74,81]

RANKL is produced by the osteoblast under hormo- The frequency and clinical implications of corti-
nal and cytokine control and is essential for oste- costeroid-induced myopathy are listed in table III.
oclastogenesis and bone resorption. Interacting with
its receptor RANK, RANKL stimulates bone resorp- 2.6 Peptic Ulcer
tion. OPG, a decoy receptor of RANKL produced by
osteoblastic cells, binds to RANKL and prevents its The higher risk of upper gastrointestinal compli-
binding to RANK.[71] Therefore, the relative produc- cations induced by corticosteroids is still debated.
tion of RANKL and OPG by osteoblastic cells dic- Two large meta-analyses are available and their
tates the rate of osteoclastic bone resorption.[72] Cor- results are discordant. In the first one published in
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1983,[85] the association between corticosteroids and disagreement in the literature that systemic cortico-
subsequent peptic ulceration or gastrointestinal steroids suppress pituitary and adrenal function as
haemorrhage was examined by pooling data from 71 measured by body-fluid levels of adrenal cortico-
controlled clinical trials in which patients were ran- steroids and their metabolites.[88-90] Moreover, au-
domised to systemic corticosteroid or to nonsteroid topsies of patients have demonstrated that patients
therapy. Of 3064 corticosteroid-treated patients receiving corticosteroids for ≥5 days within 20 days
evaluated for peptic ulcers, 55 (1.8%) had ulcers of death had significant atrophic changes of the
compared with 23 of 2897 controls (0.8%) [RR 2.3; adrenal glands in comparison with control sub-
95% CI 1.4, 3.7]. Of 3135 corticosteroid-treated jects.[91] Since there is considerable patient-to-pa-
patients evaluated for gastrointestinal haemorrhage, tient variability, it is difficult to determine the small-
78 (2.5%) had bleeding compared with 48 of 2976 est dosage or duration of therapy that will suppress
controls (1.6%) [RR 1.5; 95% CI 1.1, 2.2]. When the HPA axis. High-dose (15–50 mg/day) predni-
separate analyses were performed for studies that sone therapy results in a significantly depressed
were double-blind, using only oral or parenteral adrenal suppression in 45–100% of exposed patients
corticosteroids, or if patients with a history of ulcer even if the duration of therapy is short (i.e. <30
were excluded, the trend did not always reach statis- days)[92-95] and the HPA axis may remain suppressed
tical significance. However, authors concluded that for several weeks.[19,93] In the same way, a low
corticosteroids increase the risk of peptic ulcers and dosage (0.09–0.15 mg/kg/day of prednisone equiva-
gastrointestinal haemorrhage. In the second study lent) therapy may induce adrenal insufficiency when
published in 1994, Conn and Poynard[24] pooled 93 prescribed for >1 year[96] and recovery may take
randomised, double-blind, controlled trials in which several months.[88]

corticosteroid-treated patients and the control group
Some synthetic corticosteroids (e.g. betametha-had been treated in the same manner except for the

sone) potentially induce a more profound adreno-administration of corticosteroids (the concomitant
cortical suppression than others (e.g. pred-administration of antacids agents was taken into
nisolone).[90] A Short Synacthen test (SST) usingaccount). In their analysis, 9 of 3267 (0.3%) patients
corticotropin 250µg is usually performed to evi-in the control group versus 13 of 3335 (0.4%) pa-
dence adrenal insufficiency, but it is not the onlytients in the corticosteroid group were reported to
way to evaluate the HPA axis. Measurement of cir-develop a peptic ulcer (OR 1.3; 95% CI 0.8, 2.1).
culating cortisol under basal conditions, 24-hourMoreover, the risk of haemorrhage from ulcer (OR
cortisoluria and insulin tolerance tests have1.2; 95% CI 0.7, 2.2), perforation of ulcer (OR 1.0;
been used but they seem less reliable than SST95% CI 0.5, 1.9) or death from ulcer (OR 1.0; 95%
using 250µg of corticotropin.[97] The value of theCI 0.5, 1.9) was not different between the two
test using 1µg of corticotropin remains controver-groups. Symptoms compatible with peptic ulcer
sial[98-101] and, to date, it cannot be recommended forwere reported more frequently in the corticosteroid
routine clinical use.[97] More recently, determinationgroup (26 vs 7 patients, OR 1.9; 95% CI 1.1, 3.0).
of salivary cortisol levels by enzyme immunoassayThe incidence of peptic ulcer tended to increase
has been proposed, but this test is not routinelydirectly with the dosage and the duration of ther-
available.[102,103]apy.[24,85] The risk is also four to seven times higher

in patients concomitantly receiving NSAIDs.[86,87]
The incidence of clinical corticosteroid-induced

The frequency and clinical implications of corti- adrenal insufficiency remains unknown and seems
costeroid-induced peptic ulcer are listed in table III. definitively lower than indicated by biological data.

Available data were obtained from surgeons who
2.7 Adrenal Insufficiency

showed that perioperative adrenal insufficiency in
corticosteroid-treated patients was rare (<0.1%).[104]Administration of exogenous corticosteroids pro-
Thus, after an exhaustive literature review, Salem etduces a negative feedback effect on the hypothala-
al.[105] argued that “clinical and experimental evi-mic-pituitary-adrenal (HPA) axis with resulting sup-

pression of normal cortisol production. There is no dence support the concept that the current amount of
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perioperative glucocorticoid coverage is excessive with neurological diseases (RR 2.8; 95% CI 1.9,
and has been based on anecdotal information.” 4.3).

The optimal schedule of corticosteroid tapering is The frequency and clinical implications of infec-
unknown. Adjunction of hydrocortisone during the tions associated with corticosteroid therapy are
last weeks of corticosteroid withdrawal or replacing listed in table III.
prednisone with hydrocortisone[106] has been pro-
posed to lower the risk of corticosteroid withdrawal; 2.8.1 Bacterial Infections
it is hypothesised that the use of this natural hor-

Potentially, all the pyogenic bacteria can be in-mone is responsible for less HPA-axis suppression.
volved and physicians must be aware that cortico-However, this has been neither tested clinically nor
steroids can mask the effects of infections, whichdemonstrated to be superior to simpler procedures.
can then present at an advanced stage. In the meta-For all these reasons, we think that the best preven-
analysis by Conn and Poynard,[24] bacterial sepsistive measure of adrenal insufficiency is the informa-
was evidenced in 6.5% of 2868 corticosteroid-treat-tion given to the patient: during the corticosteroid
ed patients compared with 4.8% of 2776 patients inwithdrawal period, the patient must be proactive in
the placebo group (OR 1.2; 95% CI 1.0, 1.6). Theidentifying subtle symptoms and bringing them to

the physician’s attention. relationship between corticosteroids and reactiva-
The frequency and clinical implications of adre- tion of latent tuberculosis is more debated,[111-113]

nal insufficiency are listed in table III. but in a large case-control study (497 cases and 1966
controls),[114] the adjusted OR of tuberculosis for
current use of corticosteroids compared with no use2.8 Infections
was 4.9 (95% CI 2.9, 8.3). The adjusted ORs for use
of <15mg and ≥15mg of prednisone or its equivalentAn obvious complication when using corticoster-
daily dose were 2.8 (95% CI 1.0, 7.9) and 7.7 (95%oids for immunosuppression is the patient’s de-
CI 2.8, 21.4), respectively.creased resistance to infections. The basis for this is

decreased inflammatory response due to decreased As proposed in 2000 by the American Thoracic
production, function and migration of inflammatory Society, “because prednisone (or its equivalent) giv-
cells and decreased antibody production.[25,107] Stud- en >15 mg/d for 2–4 weeks suppresses tuberculin
ies showing an increased infectious risk in cortico- reactivity and because lower doses or those given
steroid-treated patients[14,108,109] are difficult to inter- intermittently are not associated with tuberculosis,
pret. First, small studies reporting rare infectious this dose is likely the lower limit that could predis-
events are difficult to extrapolate to a general corti- pose persons to develop tuberculosis.”[115] The
costeroid-treated population. Second, most of the American Thoracic Society recommended system-
patients are also immunosuppressed by their under- atic prevention with isoniazid for patients starting
lying disease or by other immunosuppressive drugs long-term systemic corticosteroid therapy and with
and the causal relationship between corticosteroids a positive tuberculin skin test (i.e. ≥5mm).[115,116] To
and the infectious event is difficult to assess. date, few studies have assessed the performances of

However, a meta-analysis of 71 pooled control- new biological tests (i.e. ex vivo interferon-γ release
led clinical trials[110] showed a RR of 1.6 (95% CI assays) for the diagnosis of tuberculosis in immuno-
1.3, 1.9) for infectious events in corticosteroid-treat-

compromised patients. Nevertheless, in three studies
ed patients (n = 2111) versus controls (n = 2087).

with direct comparison, the prevalence of positiveWhen the daily dosage of prednisone equivalent
results on biological test was substantially higherranged from 20mg to 40mg, the RR of infections
than that of positive results on the tuberculin skinwas 2.1 (95% CI 1.3, 3.6) in corticosteroid-treated
test, particularly in patients with greater immunepatients compared with controls. The rate was not
suppression.[117]

increased in patients given a daily dose of <10mg or
Corticosteroids diminish the immune response toa cumulative dose of <700mg of prednisone. The

pneumococcal vaccine.[118,119]risk of infection was particularly high in patients
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2.8.2 Viral Infections marrow transplants, the use of high-dose prednisone
Some case-control studies have focused on the for graft-versus-host-disease prophylaxis was the

risk of severe varicella in corticosteroid-treated pae- most important risk factor for invasive fungal infec-
diatric populations with contradictory results (e.g. tion, including invasive aspergillosis; high-dose
OR 1.6 [95% CI 0.2, 16.9] in the study by Patel et prednisone (0.5–1.0 mg/kg/day) increased such in-
al.[120] compared with OR 178 [95% CI 59, 541] in fections 6-fold compared with regimens with low-
the study by Dowell and Bresee[121]). To our know- dose prednisone (0.25 mg/kg/day).[132]

ledge, no such data are available in adult populations
Marr et al.[133] showed that corticosteroids admin-but several cases of severe varicella in corticoster-

istered in the late post-bone-marrow-transplantoid-treated adults have been reported.[122,123]

period increase the risk of aspergillosis doseIn 1996, the Department of Health in the UK
dependently. Specifically, doses of <1.9 mg/kg/day,defined immunosupressed adults at risk of severe
1.9–3.0 mg/kg/day and >3 mg/kg/day were asso-varicella as “adults who have received prednisolone
ciated with risks of 5%, 10% and 14%, respectively.40 mg/day for more than 1 week in the previous 3
Invasive aspergillosis is a common cause of infec-months or patients on lower doses of corticosteroids
tious death in patients with systemic lupus erythe-(…) if they are given in combination with cytotoxic
matosus, accounting for 15% of deaths in a Braziliandrugs.”[124] An exposure to chickenpox was defined
autopsy study.[134] Corticosteroids are also a riskas “(1) contact with a person with chickenpox or
factor for candidaemia and invasive candidia-exposed herpes zoster (2) during the period 48 hours
sis.[131,135] This increased risk has been shown forbefore the rash until it crusts (3) for more than 15
Candida albicans and non-albicans Candida spe-minutes in the same room or face to face.” It was
cies.[136,137]

proposed that an adult who fulfilled these criteria
Corticosteroid-treated patients more frequentlyrequired zoster immunoglobulin by intramuscular

injection.[124] Another alternative to zoster immu- developed pneumocystosis (PCP) than controls.[131]

noglobulin is the use of prophylactic aciclovir. Yale and Limper[138] showed that 90% of patients
Moreover, patients who have no antibodies to with various conditions who had PCP had re-
chickenpox should be instructed to avoid chicken- ceived corticosteroids the month before PCP diag-
pox and if they are in inadvertent contact they nosis. In this study, a daily prednisone-equivalent
should report this to their doctor immediately. In the dose of 30mg administered for a median of 12
UK, a corticosteroid card is given to patients and weeks was further associated with worse PCP out-
provides clear instructions to contact their doctor in come.[138] Therefore, prophylaxis with cotrimoxa-
such circumstances.[125] zole (trimethoprim/sulfamethoxazole) should be

Therapy with corticosteroids is associated with considered for patients receiving a long course of
reactivation of replication of hepatitis B and C vi- corticosteroids, especially at high doses and when
ruses.[126,127] Apart from their immunosuppressive CD4+ lymphocyte counts drop below 200/µL.[139]

effects, corticosteroids directly stimulate hepatitis B Finally, corticosteroids are associated with an
virus replication in vitro.[128] Lamivudine, an inhibi- increased risk of strongyloidiasis (RR 2.29 to
tor of reverse transcriptase, has been used to prevent 3.30).[140,141] A prevention of symptomatic strongy-
hepatitis B reactivation in patients receiving chemo- loidiasis should be envisaged for patients who have
therapy with or without corticosteroids.[129] Cortico- travelled in endemic areas, even several years before
steroids may also diminish the immune response to the introduction of corticosteroids.[142] In 2000, the
influenza vaccine.[130]

US Centers for Disease Control and Prevention, the
Infectious Disease Society of America and the2.8.3 Fungal Infections
American Society of Blood and Marrow Transplan-Corticosteroids have long been recognised to pre-
tation recommended oral ivermectin 200 µg/kgdispose patients to invasive fungal infections.[131]

daily for 2 consecutive days (alternative: oral al-Invasive aspergillosis is the most common invasive
bendazole 400mg daily for 3 days or tiabendazolemould infection associated with corticosteroids.[131]

25 mg/kg twice daily for 2 days) for the preventionIn an analysis of 331 recipients of allogeneic bone
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of strongyloidiasis in immunosuppressed pa- 2.10 Ophthalmological Disorders
tients.[143]

An increased risk for the development of a cat-
aract is well known in corticosteroid-treated pa-

2.9 Mood Disorders tients. This cataract is posterior and subcapsular,
which is relatively rare in patients not taking corti-
costeroids. In a study reviewing nine previous stud-The effects of cortisol on human mental function-
ies of asthmatic patients (n = 343) treated withing are well known.[144] In a meta-analysis,[24] psy-
systemic corticosteroids, the prevalence of a posteri-chosis occurred 2-fold more frequently in cortico-
or subcapsular cataract was found to range from 0 tosteroid-treated patients than in controls. Severe psy-
54% with an average of 9%.[156] The risk increaseschiatric disorders such as psychosis, depression or
with the daily cumulative dosage of corticosteroidsmanic episode are reported in 5–34% of pa-
and the duration of therapy. The risk is also influ-tients.[18,145,146] The risk of psychosis seemed higher
enced by the age and ethnic origin of patients.[156,157]

within the first days or weeks of therapy[147,148] and
This risk also exists with low dosage (<10 mg/day)psychiatric symptoms may be more common in
corticosteroids.[14,158] Investigations in a model ofwomen.[18,25] A prospective study evaluated 50 oph-
cataract formation in chick embryos show that vita-

thalmological patients, of whom 26–34% experi-
min C may have a preventive role.[159,160] To date,

enced a hypomanic syndrome and 10–12% a depres- there are no corresponding human data.
sive syndrome within the first 8 days of therapy.[145]

Systemic corticosteroid therapy is also associated
In retrospective or uncontrolled studies, frequen- with an increased risk of ocular hypertension. In a

cy of minor mood disorders such as irritability retrospective epidemiological study of elderly pa-
or anxiety varied between <5%[3,17] and tients receiving oral corticosteroids, an overall OR
>40%,[6,18,149,150] probably depending on the defini- of 1.41 (95% CI 1.22, 1.63) with regard to glaucoma

induction was observed.[157] The OR showed a dose-tion of mood disorder used (‘mental changes’,
relation increase: 1.26 (95% CI 1.01, 1.56) for hy-‘neuropsychiatric disorders’, ‘emotional distur-
drocortisone <40 mg/day, 1.37 (95% CI 1.06, 1.76)bance’ or ‘mental disturbance’). Insomnia was re-
for 40–79 mg/day and 1.88 (95% CI 1.40, 2.53) forported by approximately 50% of the patients after
>80 mg/day. The OR also increased with the dura-pulse[17,18] or oral[18] corticosteroid therapy.
tion of treatment over the first 11 months of expo-

The investigation of the Boston Collaborative sure.[157] Patients >40 years of age, those with diabe-
Drug Surveillance Program showed a striking rela- tes mellitus or myopia and those with a family
tionship between neuropsychiatric disorders and history of glaucoma appear to be at increased
corticosteroid dosage, i.e. 1.3% of 463 patients who risk.[161] Typically, intraocular pressure returns to
received <40 mg/day of prednisone, 4.6% of 175 normal within a few weeks after the discontinuation
patients who received 40–80 mg/day and 18.4% of of corticosteroids,[161,162] although irreversible in-
38 patients who received >80 mg/day.[151]

traocular pressure elevation has been reported.[163]

Corticosteroid withdrawal may also be asso- The frequency and clinical implications of oph-
thalmological complications associated with corti-ciated with depression, irritability, apathy, insom-
costeroid therapy are listed in table III.nia, anorexia and memory loss, possibly lasting for

several weeks after discontinuation.[152] Mania and
2.11 Skin Disordersdelirium have also been described.[153,154] The mech-

anism by which corticosteroids produce psychiatric Systemic corticosteroids can induce numerous
symptoms is probably multifactorial, including both cutaneous adverse events. The most frequent in-
direct and indirect effects on the brain.[25,155]

clude trophic disorders such as atrophy of the epi-
The frequency and clinical implications of corti- dermis and the dermis, spontaneous bruising and

costeroid-induced mood disorders are listed in table disturbed wound healing and other adverse events
III. such as hirsutism, acne or perioral dermatitis. The
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frequency of these events varies in the literature
between 2% and 73%.[7,18-20] Their risk increases
with age and with female sex.[18,164] No preventive
therapy is available. Xerosis is also frequently re-
ported by patients (32% in a series)[18] and, in our
personal experience, emollients may be useful.

In men and women treated with systemic cortico-
steroids, the prevalence of hirsutism varies between
2.5% and 13%.[10,11,19] The incidence rate in women
after 3 months of therapy increases to 26%.[18] No
risk factor is evidenced in the literature. Hirustism is
usually reversible and disappears after cessation of
therapy.

Corticosteroid-induced acne is reported by
0–29% of corticosteroid-treated patients.[10,11,19] The Fig. 1. Bilateral aseptic necrosis.
mechanisms whereby corticosteroids produce an ac-
neiform eruption are not elucidated whereas those of acute leukaemia (6 of 551 patients)[168] to 16.3% in
trophic disorders are well known. On the one hand, patients with systemic lupus erythematosus (28 of
suppressive effects on cutaneous cell proliferation 172 patients).[169] In renal transplant populations,
and protein synthesis are responsible for skin atro- some studies have shown that 5.3% (29 of 546
phy.[25] On the other hand, corticosteroids reduce the patients)[170] to 11.7% (52 of 444 patients)[171] of
proliferative activity of keratinocytes and fibroblasts patients developed bone necrosis. In the study by
and their protein synthesis.[25]

Proven et al.,[23] 3 of 103 (2.9%) patients with giant
The frequency and clinical implications of skin cell arteritis developed avascular necrosis of the hip

disorders are listed in table III. during their follow-up. Black patients tended to be at
higher risk of bone osteonecrosis.[171] The daily cor-

2.12 Menstrual Disorders ticosteroids dosage seems to correlate with the risk
of aseptic necrosis (a higher dosage being associatedCorticosteroid-induced menstrual disorders are
with a higher risk)[171] as well as the use of bolusfrequent, but few data are available in the literature.
injection.[170]

In the study by Rizzato et al.,[16] 3 of 19 (16%)
The frequency of corticosteroid-induced asepticwomen reported amenorrhoea, dismenorrhoea or

necrosis is listed in table III.menorrhagia. We recently reported that 9 of 23
women (39%) starting a high dosage (≥20 mg/day)

2.14 Pancreatitisprednisone therapy reported menstrual disorders.[18]

Women who start corticosteroid therapy must be
Symptomatic and asymptomatic pancreatitisinformed of this potential problem.

have been observed after corticosteroid therapy andThe frequency and clinical implications of corti-
fatal cases have been reported.[172-174] However, atcosteroid-induced menstrual disorders are listed in
least some of these cases could possibly be related totable III.
the underlying disease (e.g. lymphoma, vasculitis)
rather than the corticosteroids. In a paediatric series,2.13 Aseptic Necrosis
Oppenheimer and Boitnott[175] reviewed the autopsy

Corticosteroids can cause aseptic necrosis that prevalence of pancreatitis in 102 patients with
usually involves the femoral head (figure 1) but that haematological/solid malignancies or nephrosis and
may also occur in the knee and humeral head.[165,166] found that 40% of nephritic patients who received
Aseptic necrosis of bone is unpredictable and may corticosteroids had pancreatic lesions compared
occur during the first weeks of therapy.[165,167] Its with 15% of control patients. No relationship to dose
prevalence ranges from 1.1% in patients treated for or duration of treatment could be determined. The
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mechanisms by which corticosteroids induced pan- humans.[180] Aldosterone-like action is only observ-
creatitis are unknown. ed with large dosages resulting in a mild retention of

Na+ with or without clinical symptoms.[12,181] In aThe frequency and clinical implications of corti-
prospective study, clinical fluid retention (i.e. swol-costeroid-induced pancreatitis are listed in table III.
len ankles) was observed in 10% of patients treated

3. Biological Adverse Events with high-dose prednisone.[18]

Making a parallel with natural corticosteroids,
K+ depletion may be hypothesised but in ad-3.1 Effects on Electrolyte Homeostasis
renalectomised dogs, it has been shown that potassi-

The main effects of natural corticosteroids on um loss was approximately 30 times lower with
electrolyte homeostasis are classically fluid and so- prednisolone than with natural corticosteroids.[176]

dium retention and potassium depletion. They exert Moreover, well documented cases of hypokalaemia
these effects in a number of ways, the most impor- in corticosteroid-treated patients are rare.[182,183] For
tant is exerted upon renal function.[176] Natural corti- most other cases, patients had causes other than
costeroids cause Na+ retention by increasing the corticosteroids for K+ depletion (e.g. Crohn’s dis-
inherent tendency of the renal tubules to reabsorb ease, diuretics).[21,184-186] In a literature review, Gen-
Na+ from the glomerular filtrate by means of a nari[187] wrote that when given in the long-term,
cation-exchange process in which K+ and H+ are prednisone and hydrocortisone reduce serum potas-
secreted into the tubular urine.[176,177] Therefore, in sium only slightly (by 0.2–0.4 mmol/L). However,
general, natural corticosteroids that induce Na+ re- the risk of hypokalaemia may be higher during
tention also increase K+ excretion. short-term high-dose therapy, when the patient is ill

When prednisone and prednisolone were first and less able to achieve the electrolyte homeostasis.
introduced, it was quickly recognised that, although The frequency and clinical implications of elec-
they were more potent than cortisol as anti-in- trolyte homeostasis disturbances are listed in table
flammatory agents, they had less of an effect on IV.
fluid and electrolyte balance. Studies performed in
the 1950s have confirmed that the tendency of syn- 3.2 Diabetogenesis
thetic corticosteroids to promote Na+ retention and
K+ excretion is much lower than that of natural Corticosteroids are a well-known cause of insulin
corticosteroids.[176,178,179] Concerning Na+ excretion, resistance. Corticosteroid-treated patients are at
prednisolone may induce an increase in the glomer- higher risk than controls to develop hyperglycaemia
ular filtration rate and slight Na+ diuresis in and diabetes. In a randomised, double-blind, place-

Table IV.  Frequency and clinical implications of corticosteroid-induced biological adverse effects

Adverse clinical Frequency Clinical implications
event
Electrolyte homeostasis Frequency of hypokalaemia is Clinical screening of fluid retention (and prescription of a low-salt

undetermined but seems low diet when it happens?)
Biological screening of hypokalaemia in particular during high-dose
therapy

Diabetogenesis RR for hyperglycaemia requiring Systematic dosage of glycaemia before initiation of
hypoglycaemic therapy after oral corticosteroids
glucocorticoid use: 2.23 (95% CI 1.92, Systematic biological screening of hyperglycaemia and diabetes
2.59); RR 1.7 (95% CI 1.1, 2.6) for (the optimal schedule of screening remains to be determined)
diabetes Screening and treatment of a worsening of glycaemic control in

patients with known diabetes

Dyslipidaemia Frequency of hypercholesterolemia Systematic evaluation of lipid profile before initiation of
and/or hypertriglyceridaemia is corticosteroids
undetermined Screening of hyperlipidaemia in long-term corticosteroid-treated

patients (the optimal schedule of screening remains to be
determined)

RR = relative risk.
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bo-controlled study,[7] glycaemia rose significantly 3.3 Dyslipidaemia
(from 5.1 ± 0.6 mmol/L to 5.9 ± 1.9 mmol/L)
in 41 rheumatic patients treated with prednisone 10 Corticosteroids are supposed to induce hyper-
mg/day, whereas it was stable in controls. In a lipidaemia. However, few data are available and
large (11 855 cases, 11 855 controls) case-control most studies focused on transplanted patients with
study,[188] the RR of developing hyperglycaemia potential confounding factors (e.g. other immu-
requiring hypoglycaemic therapy after oral gluco- nosuppressive therapies). In 70 long-term stable re-
corticoid use was 2.23 (95% CI 1.92, 2.59). In a nal and liver transplant patients, the prednisone
meta-analysis,[24] diabetes was reported four times daily dosage was found to be the only independent
more frequently in the corticosteroid-treated group variable predicting increased post-transplant serum
than in the placebo group. An enhanced incidence cholesterol levels.[194] In a retrospective study of 92
for gestational diabetes was also demonstrated in cardiac transplant patients, cumulative prednisone
women receiving corticosteroids for threatened pre- exposure was the strongest predictor of both total
term delivery (23.8% in treated women vs 4% in and low-density lipoprotein cholesterol levels
controls; p = 0.001).[189]

(p = 0.0001), independent of cumulative ciclosporin
Corticosteroids also induced a worsening of gly- exposure and other clinical variables.[195] Lastly,

caemic control in patients with known diabetes. In a several authors have shown an improvement in lipid
study,[190] 51 of 80 (64%) patients with diabetes profiles after corticosteroid withdrawal in adult or
required rapid insulin to control an increase of blood paediatric transplant populations.[196-198]

glucose after a pulse of methylprednisolone pre- In non-transplant patients, data on the relation-
scribed for ophthalmological diseases. A strong as- ship between corticosteroids and hyperlipidaemia
sociation between the cumulated prednisone dose are conflicting. Compared with healthy people, a
and the development of diabetes has been shown. In significant elevation in total cholesterol and a large
a case-control study,[188] the risk of developing decrease in high-density lipoprotein cholesterol
hyperglycaemia requiring hypoglycaemic therapy (HDL-C) levels have been demonstrated in women
after oral corticosteroid use was 1.77 for patients (but not in men) receiving long-term corticosteroids
receiving 1–10 mg/day of a prednisone equivalent, therapy (mean duration of therapy: 3.1 years) for
3.02 for 10–20 mg/day, 5.82 for 20–30 mg/day and connective tissue disease or asthma.[199] In an older
10.34 for >30 mg/day. In another study,[191] the study that assessed 100 women with asthma receiv-
cumulative prednisone dosage was significantly ing prednisone 5–15 mg/day for 4–13 years, only
higher in patients who developed diabetes versus an increase in the triglycerides level (1.76 ± 0.61
those who did not (26.6g ± 28g vs 11.6g ± 11g; mmol/L vs 1.29 ± 0.31 mmol/L for control subjects;
p < 0.02). p < 0.05) was demonstrated.[200] More recently, Pi-

The mechanisms by which the pharmacological cado et al.[201] did not find any differences in plasma
use of synthetic corticosteroids induces insulin re- levels of cholesterol, HDL-C, low-density lipo-
sistance has been well demonstrated in animals and protein-cholesterol (LDL-C) or free fatty acids be-
humans.[25,192] They decrease β-cell insulin produc- tween asthmatic patients not receiving corticoster-
tion and reduce the effectiveness of insulin to sup- oids (n = 30) and those receiving inhaled (n = 24) or
press hepatic glucose production and to increase oral (n = 24) corticosteroids. Nevertheless, a tenden-
glucose uptake in muscle and fatty tissue.[193] More- cy towards an increase in the total cholesterol (197
over, corticosteroids induce an increase in the syn- mg/L, 212 mg/L and 233 mg/L, respectively), LDL-
thesis of glucose. They restore carbohydrates from C (respectively 121 mg/L, 138 mg/L, 153 mg/L) and
amino acids by stimulating gluconeogenesis en- free fatty acid (87 mg/L, 90 mg/L, 102 mg/L, re-
zymes in the liver, by mobilisation and degradation spectively) levels can be observed when the results
of proteins and by support of glycogen deposition in are accurately analysed.
the liver.[25] Lastly, an improvement of the atherogenic index

The frequency and clinical implications of (total cholesterol/HDL-C) was demonstrated in
diabetogenesis are listed in table IV. rheumatic patients receiving aggressive anti-rheu-
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matic treatment including corticosteroids versus pa- trialised countries[213] are treated with prolonged
tients only treated with sulfasalazine.[202] Because of systemic corticosteroid therapy and they cannot be
the design of the trial, the authors were unable to properly informed of some frequent and debilitating
determine whether this was the result of better dis- adverse events, such as lipodystrophy or neuropsy-
ease suppression or therapeutic components. How- chiatric disorders. Secondly, adverse events that
ever, their results suggest that changes in total cho- physicians generally consider as ‘minor’ may none-
lesterol levels were the result of effective rheuma- theless alter patients’ quality of life and affect their
toid arthritis treatment, but changes in HDL levels adherence and willingness to continue therapy.[214]

were more specific to glucocorticoid treatment. Thirdly, some of these complications may be over-
estimated or, on the contrary, underestimated withPravastatin is effective at decreasing total choles-
potential financial[215,216] and epidemiological con-terol and LDL-C in heart transplant patients treated
sequences.with a corticosteroid.[203] To our knowledge, no data

are available regarding the effect of a systematic
lipid-controlled diet for long-term corticosteroid- Acknowledgements
treated patients.

No sources of funding were used to assist in the prepara-The frequency and clinical implications of dys-
tion of this review. The authors have no conflicts of interest

lipidaemia are listed in table IV. that are directly relevant to the content of this review.
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