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Introduction

The commercially available inhaled corticosteroids
(ICS) for asthma treatment are beclomethasone dipro-

pionate (BDP), budesonide (BUD), ¯unisolide (FLU),
¯uticasone propionate (FP), mometasone furoate
(MF), and triamcinolone acetonide (TA); most of
them are also available as nasal sprays for the treatment
of rhinitis. There is no longer any doubt of their
effectiveness in both asthma and rhinitis. Since ICS
are widely used in both adults and children, the issue of
safety and the risk/bene®t ratio assume primary
importance. The present position paper focuses on
the clinical and biological aspects of the safety of ICS;
therefore, the available literature is reviewed in order to
reach experimentally supported conclusions useful for
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both specialists and general practitioners. Since this
position paper speci®cally addresses the subject of
safety, other important aspects (e.g., clinical ef®cacy,
mode of administration, pharmacokinetic-pharmaco-
dynamic properties, etc.) are not discussed, although
relevant reviews are cited.

Asthma is de®ned clinically by reversible airways
obstruction and bronchial hyperresponsiveness, and,
pathologically, by chronic bronchial in¯ammation
involving various cells and mediators (1). The sympto-
matic relief of bronchospasm is no longer the only
therapeutic target. Control of the in¯ammatory com-
ponent of asthma is equally important, especially for
long-term management of the disease. At present, ICS
are the most effective drugs for reducing bronchial
in¯ammation. Their primary therapeutic role is widely
accepted for all types of asthma (1±4). ICS reduce the
in¯ammatory in®ltrate in the bronchi (5±11) and, at
least in part, reverse the anatomical alterations in the
bronchial wall usually detected in asthma (12, 13).
Although ICS are highly effective in controlling
symptoms and bronchial in¯ammation, clinical relapse
and the reappearance of bronchial in¯ammation are
usually observed after their discontinuation (14±17).
Therefore, long-term treatment for effective asthma
control is usually required.

The mechanism of action of glucocorticoids involves
binding to a speci®c intracytoplasmic receptor that
subsequently migrates into the nucleus and modulates
the transcription of speci®c target genes. These
genes encode for cytokines, lipocortin-1, endothelin,
b-adrenoceptors, iNOS, endopeptidases, etc. Several
transcription factors are involved in this mechanism
(18±24). ICS exert their clinical and anti-in¯ammatory
actions directly on the bronchial wall; therefore, these
effects depend upon a wide range of variables, including
the status of the bronchial wall (12, 13, 25), the
pharmacodynamic-pharmacokinetic properties of the
drug (26±30), the delivery system (31±34), the patient's
cooperation (35±38), and the dosage regimen (39±41).
These factors also determine the severity and frequency
of side-effects.

Systemic side-effects

The more relevant systemic side-effects of ICS concern
adrenal gland function, bone metabolism, and growth
pattern in children/adolescents. Due to the widespread
use of ICS, these side-effects have been extensively
investigated in several controlled studies by means of
biochemical, metabolic, and morphofunctional para-
meters. The occurrence and severity of these side-effects
depend, as mentioned above, upon a large number of
variables, including the characteristics of the drug
(lipophilicity, pharmacokinetics, and pharmaco-
dynamics) and the mode of administration (dose,

delivery system, coordination, etc.). Therefore, it is
often dif®cult to reach an unequivocal conclusion;
nevertheless, based on consistent experimental evi-
dence, some useful suggestions can be provided (42).

Hypothalamic-pituitary-adrenal axis (HPAA)

Long-term treatment with oral corticosteroids may
result in signi®cant suppression of the HPAA: exogen-
ous steroids, through negative feedback, suppress
corticotrophin secretion, thus leading to adrenal
cortex atrophy and to subsequent decrease of cortisol
secretion (43). This effect is pronounced and long-
lasting with oral corticosteroids. ICS may also have
some measurable effect on the HPAA (44). Since ICS
are used for long-term treatment, assessment of their
effects on the HPAA is of primary relevance from the
viewpoint of safety.

There are several standardized methods for assessing
the integrity of the HPAA both in static and dynamic
conditions. They include morning cortisol, ACTH
levels, integrated (AUC) cortisol levels overnight, free
urinary cortisol level over 24 h (usually with creatinine
correction), ACTH (tetracosactrin) stimulation, the
metyrapone test, and insulin-induced hypoglycaemia
(45±47). A single morning cortisol level is weakly
sensitive due to wide variations of this variable in the
same subject. The integrated overnight cortisol mea-
surement can detect also the disappearance of physio-
logical peaks of secretion; therefore, it is a reliable test,
although it requires multiple blood sampling. The free
urinary cortisol over 24 h appears to be a practical and
reliable index, since it provides a global evaluation of
the adrenal function, and it is not in¯uenced by
circadian changes in cortisol blood levels (45±51);
however, obtaining a complete 24-h urine sample may
be problematic. The dynamic tests assess the integrity of
the whole HPAA, but they can be performed only in
selected centres and they often cause discomfort to
patients; therefore, they are not commonly used for
clinical trials.

Some studies have been performed in healthy
subjects. In one, it was shown that BDP exerted a
greater (approximately twofold) suppressive effect on
the HPAA than BUD, in a single dose (200, 800, or
3200 mg) (52). In another one, BUD 400 mg single
dose, or 400 mg b.i.d. for 2 weeks, signi®cantly
suppressed the adrenal function (53). Two dose-
response studies (54, 55) showed that FP (up to
2000 mg/day) is more potent in reducing the daily
plasma cortisol level (dose-dependent) than BUD (up
to 1600 mg/day), although it is dif®cult to compare the
dosage of two different molecules. Grove et al. (56)
found a signi®cant effect on the ACTH test by FP
(750±1500 mg) and BUD (800±1600 mg) with no
difference between the drugs. Wilson et al. showed
that both FP (average 1625 mg/day) and TA (1600 mg/
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day) suppressed the urinary cortisol excretion, but
only FP affected plasma cortisol levels (57). On the
other hand, studies by Braun et al. (58) found that
BDP and BUD at high dosages (>2000 mg) did not
signi®cantly affect urinary free cortisol levels, if
administered by a large-volume spacer.

When administered at high dosages (>1200 mg in
adults or >800 mg in children), BDP exerted a
signi®cantly more prominent effect on the HPAA
than BUD, and this effect was dose-related (59±62).
Nevertheless, the inhibitory action on the HPAA by
BDP and BUD was found to be, respectively, eight- and
®vefold lower than that by systemic prednisone (63). In
two studies (64, 65) assessing the integrated cortisol
level in children, BDP 1000 mg affected the physiolo-
gical rhythm of cortisol secretion. In another study in
children, BUD (200, 400, and 800 mg/day) did not affect
the urinary cortisol (66). In a long-term study (1 year)
on moderate to severe asthma, FP (1500 mg/day) was
demonstrated to be more effective than BDP and
devoid of effects on the HPAA (67). Langdon & Capsey
(68) reported that FP (400 mg/day) given as a dry
powder was as effective as BUD (800 mg/day) and did
not affect the morning blood cortisol level of adult
asthmatics. On the contrary, in another study, FP
(2000 mg/day) exerted a signi®cantly more pronounced
inhibitory effect on the HPAA than BDP (1600 mg/day)
in adults (69). In a single-dose, dose-response compara-
tive study by Clark et al., FP (2000 mg) was shown to be
threefold more potent than BUD (2000 mg) in reducing
the overnight urinary cortisol excretion (70); a super-
imposable result was obtained in children with FP and
BUD up to 1250 mg/day (71) and in adults on chronic
treatment (72). In a long-term study in asthmatic
children (up to 5 years), Volovitz et al. (73) demon-
strated that BUD (200 mg/day) did not signi®cantly
in¯uence HPAA function. The administration of
400 mg/day of BUD or BDP for 2 weeks in asthmatic
children resulted in a reduction of free urinary cortisol,
without differences between the two compounds (74).
Similar results (75) were obtained with the same drugs at
higher doses (>400 mg/day). Interestingly, a controlled
study on asthmatic children receiving 250±1000 mg/day
BDP showed that a signi®cant reduction of 24-h urinary
cortisol occurred in patients using a metered-dose
inhaler (MDI), but not in those using a spacer device
(76). Similar results were obtained in children receiving
BUD (100 mg b.i.d.) or FP (200 mg b.i.d.) through a
spacer, in whom no adrenal suppression was seen (77);
the same effect was also observed with BUD up to
400 mg/day administered through a spacer device (78),
whereas FP 200±400 mg/day and BUD 400 mg/day by
Turbohaler/Diskhaler reduced the urinary free cortisol
excretion (79). No signi®cant effect on the HPAA was
observed with FP (100±200 mg/day) (80) in a long-term
study performed on asthmatic children. High doses of
FLU and TA (>1000 mg/day) appeared to have no

effect on free urinary cortisol (81, 82). FP and BUD
400 mg/day for 4 weeks did not affect the plasma
cortisol levels in asthmatic children, although FP
showed a slightly more pronounced effect (83). A
recent meta-analysis study conducted on FP, BUD, and
BDP showed that FP and BDP did not affect plasma
cortisol levels, while a signi®cant reduction was
observed with BUD (84). Finally, some clinical trials
have con®rmed the safety of ICS-only treatment in
children (85, 86), and a recovery of adrenal function
after oral steroid reduction and introduction of ICS
(87±89). The results are summarized in Table 1.

Most available papers refer to BUD, BDP, and FP.
These drugs can in¯uence the HPAA in a dose-
dependent manner (the effect can often be detected
even after a single dose). This effect seems to occur
when doses of >800 mg/day in adults and >400 mg/
day in children are used (90). Finally, acute adrenal
failure consequent on ICS withdrawal (91, 92) or
Cushing's syndrome (93, 94) has been reported only
anecdotally.

In conclusion, the effects of ICS on the HPAA can be
detected only by using sensitive biochemical methods;
therefore, it is dif®cult to demonstrate their clinical
counterpart and their clinical signi®cance: in none of
the controlled studies were signs or symptoms of
adrenal failure described.

Bone metabolism (Table 2)

Oral corticosteroids may induce osteoporosis and
increase the risk of fractures in adult patients (95±97).
The effects of corticosteroids on bone metabolism
mainly involve the trabecular structure and are mediated
by a number of mechanisms at different sites of action
(96). Firstly, corticosteroids reduce intestinal calcium
absorption and enhance its renal excretion; these actions
result in compensatory secretion of parathormone,
bone resorption, and increased activity of osteoclasts.
Secondly, corticosteroids inhibit osteoblastic activity
and the synthesis of osteocalcin. Thirdly, steroids reduce
the synthesis of adrenal cortex-derived oestrogens.
This last ®nding partly explains the increased risk of
osteoporosis in postmenopausal women (98, 99). Once
again, since ICS are frequently used at high doses and for
long-term treatment, a careful evaluation of their effects
on bone is required (99, 100).

These effects are commonly assessed by biochemical
methods (Table 3), which evaluate calcium metabolism
(calcium, phosphate, and parathyroid hormone) and the
enzymatic activities involved in bone turnover and some
products of bone catabolism. They include serum
osteocalcin, alkaline phosphatase, procollagen I carbox-
yterminal propeptide (PICP), procollagen III N-term-
inal propeptide (PIIINP) (as indices of bone synthesis),
urinary hydroxyproline, urinary calcium, serum pyr-
idine cross-links, and type I collagen carboxyterminal
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telopeptide (ICTP) (as indices of bone resorption)
(101±104). Bone density can also be assessed by dual
X-ray absorptiometry (DEXA) or ultrasound densito-
metry of skeletal segments (105); generally, the lumbar
spine and the neck of the femur are studied.

Also in this case, the majority of data are available
for BDP, BUD, and FP; therefore, no conclusive
statement can be given on the other compounds. In
general, experimental evidence does not support an
increased risk of osteoporosis or pathologic fractures in

either adults or children (106±108). Short-term studies,
all performed with moderate to high doses of BUD or
BDP, showed a decrease in serum osteocalcin and
increased urinary hydroxyproline; these effects were
strictly dose-related (109±111). High doses of BUD
(1600 mg/day) when administered through spacers to
premenopausal women did not in¯uence osteocalcin,
while BDP (2000 mg/day) did so (112). The reduction of
serum osteocalcin exerted by BDP (500 mg b.i.d.) was
less marked than with prednisolone (15 mg/day) in a

Table 1. Effects on HPAA in asthmatics

Author, year Ref. A/C *

Drug

Dose mg/day Duration Test Result

Sly, 1978 81 C TA 100 2 months Basal cortisol No effect

Law, 1986 64 C BDP 100 2 weeks Cortisol AUC QAUC

Ebden, 1986 60 A BUD 1600 6 weeks Basal cortisol QCortisol; no effect on

BDP 1500 ACTH test ACTH test for both drugs

Prahl, 1987 86 C BDP (mean 1965) >2 weeks Basal cortisol, ACTH test Suppression only with

Free urinary cortisol BDP >2500 mg/day

Pedersen, 1988 62 C BUD 800±1200 6 weeks Free urinary cortisol QUrinary cortisol BDP

BDP 800±1000 no effect BUD

Bisgaard, 1988 59 C BUD 200, 400, 800 4 weeks Free urinary cortisol Dose-dependent suppression

BDP 200, 400, 800 dose ACTH test More pronounced for BDP

No effect on ACTH test

Varsano, 1990 85 C BUD 200 1 year Basal cortisol, No effect

ACTH test

Piacentini, 1990 82 C FLU 1000 2 months Basal cortisol, ACTH test No effect

Free urinary cortisol

Bisgaard, 1991 66 C BUD 200, 400, 800 8 weeks/ Free urinary cortisol No effect at each dose

dose

Svendsen, 1992 61 A BUD 800 6 weeks Basal cortisol No effect

BDP 750

Phillip, 1992 65 C BDP 200±450 >6 months Cortisol AUC QDose independent

ACTH test No effect on ACTH test

Fabbri, 1993 67 A FP/BUD 1500 2 weeks Free urinary cortisol No effect

Ninan, 1993 75 C BUD/BDP 400 2 weeks Basal cortisol, QCortisol,QACTH

ACTH test for both drugs

Hoffman, 1993 80 C FP 100±200 2 weeks Basal cortisol No effect

BUD 800

Volovitz, 1993 73 C BUD 200 3±5 years Basal cortisol No effect

ACTH test

Nikolaizik, 1994 74 C BUD/BDP 400 4 weeks Free urinary cortisol, QHPAA with both drugs

both drugs ACTH test, GH No effect on GH and ACTH

Langdon, 1994 68 A FP 400 2 weeks Basal cortisol No effect

BUD 800

Boe, 1994 69 A FP 2000 4 weeks Free urinary cortisol QFP

BUD 1600 No effect BUD

Pedersen, 1995 78 C BUD 100, 200, 400 4 weeks/ Free urinary cortisol No effect

dose

Clark, 1996 70 A FP 1000, 1500, 2000 Single Plasma cortisol QFP 1500 and 2000

BUD 1000, 1600, 2000 dose QBUD 2000

Clark, 1996 71 C FP or BUD 400, 800, 1250 (spacer) Single Free urinary cortisol QFor FP each dose

dose No effect BUD

Hoekx, 1996 83 C BUD/FP 400 4 weeks Plasma cortisol No effect

Goldberg, 1996 76 C BDP 200±1000 >4 months Free urinary cortisol QOnly without spacer

With/without spacer

Agertoft, 1997 79 C FP 200±400 2 weeks/ Free urinary cortisol QWith FP both doses

BUD 200±400 dose and BUD 400

Lipworth, 1997 77 C FP 200 (spacer) 2 weeks Free urinary cortisol No effect

BUD 400 (spacer)

Clark, 1997 72 A BUD or FP 2 weeks Free urinary cortisol QSigni®cant for FP

500, 1000, 2000 Plasma cortisol

* Adult/child. GH: growth hormone.
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7-day course of therapy (113), and it could be
minimized by using a large-volume spacer (114).
Toogood et al. (115) demonstrated that long-term
treatment with BDP or BUD (1000 mg/day or more) did
not signi®cantly affect either bone density or the risk of
bone fracture if administered through spacers. Neither

FP (1000±2000 mg/day) nor BUD (1600 mg/day) sig-
ni®cantly reduced serum osteocalcin (116). In children,
BUD (800 mg/day) and BDP (800 mg/day) did not alter
any biochemical marker of bone metabolism (117, 118).
BDP (300±400 mg/day) in asthmatic compared to
normal children did not have any detectable effect on

Table 2. Studies on effects of ICS on bone metabolism

Author, year Ref. A/C *

Drug

Dose mg/day Duration Test Result

Teeluksingh, 1991 108 A BDP 400±2000 4 weeks Osteocalcin QDose dependent

Pouw, 1991 109 A BDP 2000 1 week Osteocalcin QDose dependent

Ali, 1991 110 A BUD 1800 4 weeks Urinary hydroxyproline qHydroxyproline with BDP

BDP 2000 ALP, PTH No effect BUD

Packe, 1992 106 A BDP 800±2000 3 weeks Bone mass density QDose dependent and

plus oral steroids with oral steroids

Sorva, 1992 111 C BUD 400±800 3 months PICP, ALP, osteocalcin QAll doses

Leech, 1993 112 A BUD 1600/800 1 wk Osteocalcin QBDP, BUD no effect,

BDP 2000/1000 K dose no effect

Konig, 1993 117 C BDP 300±800 >6 months Ostocalcin, No effect

bone mass density

Wolthers, 1993 118 C BUD 800 4 weeks Osteocalcin No effect

Ip, 1994 107 A Various, 400±2000 >1 month Bone mass density QDose dependent

Baraldi, 1994 119 C BDP 400-800 1 month Osteocalcin Q

Kinberg, 1994 120 C BDP 400 Various Bone mass density No effect

Boulet, 1994 124 A BDP/BUD >800 >18 months Urinary phosphate, qUrinary phosphate

bone mass, =bone mass and

osteocalcin osteocalcin

Kerstjens, 1994 125 A BUD/BDP 800 2.5 years PICP, ICTP No effect

Meeran, 1995 113 A BDP 1000 1 week Osteocalcin No effect

Meeran, 1995 114 A BDP 500 with and 1 week Osteocalcin QOnly without

without spacer spacer

Toogood, 1995 115 A BUD 1500 5±10 years Bone mass density QOnly at highest doses

BDP 1500 (plus oral)

Birkebaek, 1995 126 C BUD/BDP 800 2 weeks PICP, PIIINP, QPICP, PIIINP,

osteocalcin unchanged osteocalcin

Wolthers, 1995 127 C BUD 200, 400, 800 2 weeks/ ICTP, PIIINP QOnly at 800

dose

Hopp, 1995 122 C BDP 200±450 >4 months Bone mass density No effect

Hoekx, 1996 83 C BUD/FP 400 4 weeks PICP, ICTP No effect

Martinati, 1996 123 C BDP 400 >4 months Bone mass density No effect

Bootsma, 1996 128 A FP 750 6 weeks Osteocalcin, ICTP QBDP

BDP 1500 No effect FP

Agertoft, 1997 79 C FP 200±400 2 weeks/ Knemometry QWith FP and BUD

BUD 200±400 dose 400; no effect 200

Agertoft, 1998 121 C BUD 200±1300 3±6 years Bone mass density No effect

Martinati, 1998 129 C BDP 150±400 7 months Bone mass density No effect

* Adult/child.

Table 3. Methods used to investigate bone metabolism

Calcium metabolism Bone formation Bone resorption Bone density

Plasma calcium levels Osteocalcin Glycosylated hydroxylysine Dual X-ray

absorptiometry (DEXA)

Plasma phosphate levels Alkaline phosphatase (ALP) Pyridinoline/ Ultrasound densitometry

deoxypyridinoline

Parathyroid hormone (PTH) Procollagen I carboxy Tartrate-resistant

terminal propeptide (PICP) alkaline phosphatase (TRAP)

Urinary calcium/phosphate Procollagen I N-terminal Hydroxyproline

propeptide (PINP)

Procollagen III N-terminal Cross-linked carboxy

propeptide (PIIINP) terminal telopeptide of type

1 collagen (ICTP)
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bone density (119). These results were con®rmed in
several other controlled studies with BUD and BDP in
asthmatic children (120±122). Similarly, in a long-term
treatment with BDP (200±400 mg/day), no signi®cant
detectable effect on bone mass was observed in
adolescents (123). Although an increase in urinary
phosphate and a reduction in serum osteocalcin
concentrations were observed, no change in bone
density was detectable in adult patients taking ICS at
high dosages (BUD or BDP >800 mg/day) for up to 18
months (124). No changes in serum procollagen type I
telopeptide were observed in patients receiving BUD or
BDP (800 mg/day) for more than 2 years (125). On the
other hand, a slight reduction in collagen types I and III
turnover was seen with BUD and BDP 800 mg/day
(126), while BUD 400 mg/day only reduced the turnover
of type III collagen (127). Bootsma et al. (128)
compared the effects of FP (750 mg/day) and BDP
(1500 mg/day) in asthmatics after short courses of
treatment; they found that BDP, but not FP, affected
the serum osteocalcin levels. In asthmatic children, FP
and BUD 400 mg/day did not affect the markers of bone
resorption and formation (83). Finally, Martinati et al.
(129) found no change in the bone mass density,
measured through absorptiometry, of asthmatic
children treated for 4 months or more with BDP
(150±400 mg/day).

Although certain effects of ICS on bone metabolism
are detectable, they are evident only by laboratory
assessment, when high doses are used. In particular, in
none of the studies assessing bone mass density was a
signi®cant effect found (Table 2). Moreover, in several
studies, the confounding effects of short courses of oral
steroids have also to be taken into account. The clinical
relevance of the effects on bone metabolism is question-
able, since an increased risk of fractures or osteoporosis
has never been substantiated. However, in view of
the documented bioavailability of high-dose ICS and
possible effects on the HPAA, it is advisable to use the
lowest effective doses to maintain asthma control.

Growth in childhood (Table 4)

Since ICS are widely prescribed in paediatric patients,
often for long-term treatment, their possible effects
on growth pattern have been carefully investigated.
Untreated asthma itself signi®cantly affects the growth
and ®nal stature of children, as was clearly documented
as early as 1868 (130). This was subsequently con®rmed
in prospective studies, which showed that asthma may
reduce the growth pattern of children and may reduce
their potential height or, at least, the growth velocity
(131±134). The growth deceleration seems to correlate
well with the pulmonary function impairment (134).

Table 4. ICS and growth in children and adolescents

Author, year Ref.

Drug

Dose mg/day Assessment Duration Result

Balfour-Lynn, 1986 136 BDP 400±600 Final height 13 years No effect on height

Retardation of puberty

Varsano, 1990 85 BUD 200 Height and weight 1 year No effect

Wolthers, 1991 147 BUD 200, 400, 800 Knemometry 18 days Dose dependentQof

dose growth velocity

Ninan, 1992 140 BDP various doses Growth velocity >1 year Direct correlation with

asthma control. No

effect of ICS

Wolthers, 1992 148 BUD 200, 400, 800 Knemometry 2 months QWith BUD 800

No effect with 200±400

Wolthers, 1993 149 FP 200 Knemometry 2 weeks QWith BDP 400/800

BDP 400, 800 No effect with FP 200

Volovitz, 1993 73 BUD 200 Height, weight 5 years No effect

Growth velocity

McKenzie, 1993 141 FP Growth velocity 1 year No effect

Ribeiro, 1993 139 BUD 400 Growth velocity 1 year No effect

Merkus, 1993 144 BUD 600 Growth velocity 22 months Delayed puberty in male

unrelated to BUD

Agertoft, 1994 143 BUD 200±800 Height 3±6 years No effect

Doull, 1995 152 BDP 400 Height 7 months QGrowth

Free urinary cortisol No effect on HPAA

Konig, 1996 146 FP 100±200 Height 1 year No effect

Price, 1997 145 FP 100 Growth velocity >1 year No effect

Heuck, 1997 150 BUD 800 (spacer) Knemometry 4 weeks QGrowth velocity and

ICTP, PIIINP collagen turnover

Simons, 1997 153 BDP 400 Linear growth 1 year QGrowth

Wolthers, 1997 151 FP 200 Knemometry, ICTP, 2 weeks QGrowth and collagen

BDP 400, 800 PICP, PIIINP, turnove with BDP

free urinary cortisol No effect on HPAA
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Until 1980, the only objective measurement of
children's growth was long-term height measurement,
which is imprecise in the short term and may be affected
by a wide individual variability. In 1980, knemometry
was introduced (135). This method measures the length
of lower legs and is able to detect minimal changes, even
within days. Therefore, knemometry is presently
considered a reliable method for short-term assessment
of growth and growth velocity.

When evaluating the effects of ICS on growth, we
must keep in mind that the main outcome is the ®nal
(expected) height, rather than the growth speed by
itself. In fact, the clinical studies evaluating the long-
term growth of children taking BUD or BDP did not
demonstrate impairment of the ®nal height (85, 73,
136±140). Moreover, FP 200 mg/day did not affect long-
term growth (141); growth retardation was seen only in
children taking oral steroids (142). In two separate
studies, Agertoft & Pedersen (143) and Merkus et al.
(144) found that BUD did not affect growth velocity or
long-term statural growth. FP at doses of 50±200 mg/
day did not impair long-term growth (145, 146). On the
other hand, Wolthers & Pedersen (147, 148) reported a
signi®cant reduction of short-term growth with BUD
800 mg/day, but not with 400 mg/day, and similar results
were obtained by Agertoft & Pedersen (79). In another
study, FP 200 mg/day did not affect knemometric
growth, while BDP 400 and 800 mg/day did so (149).
BUD (800 mg/day) impaired growth velocity as mea-
sured by knemometry, and the impairment correlated
well with the suppression of types I and III collagen
turnover (150). Superimposable results were obtained in
a similar study with BDP 400 and 800 mg/day (151).
Signi®cant growth reduction was reported by Doull
et al. in prepuberal children receiving inhaled BDP
(152). Similarly, in a recent double-blind, placebo-
controlled study (153), a reduction of linear growth
was observed in children treated for 1 year with BDP
400 mg/daily. By contrast, a recent meta-analysis study
including 21 trials concluded that long-term BDP did
not exert a signi®cant effect on the attained height
(compared to the expected) in children (154).

The available data suggest that short-term growth
may be affected by high doses of ICS, but growth
velocity and stature seem to depend strictly on the
degree of asthma control. In fact, asthmatic children
receiving ICS seem to reach their predicted height
eventually. Nevertheless, this potential systemic side-
effect imposes cautious use in children: the lowest
effective dose must be used, and stature should be
regularly monitored.

Local side-effects

Unwanted effects of the topical administration of ICS
are usually de®ned as ``local side-effects'', and they

include oropharyngeal candidiasis, dysphonia, cough/
bronchospasm, and, rarely, contact allergy. The active
principles themselves, rather than the excipients,
seem to be responsible for these events (155±157).
Occasionally, side-effects have also been attributed to
the excipients (158). The prevalence of local side-effects
depends upon several factors: inhalation technique, use
of spacer chambers, the chemical characteristics of the
drugs, the type of excipient, and the duration and
dosage of treatment (31, 33, 155). Although a frequent
topic of speculation, there is no evidence of increased
risk of viral infections in patients taking ICS (159).

Candidiasis

Oropharyngeal candidiasis is probably due to a
compromise of local immune responses caused by
ICS (157); in fact, the immunosuppressant action of
corticosteroids has been well documented both in vitro
and in vivo. In assessing studies, simple colonization
(i.e., positive culture without signs or symptoms) should
be distinguished from the true infection (positive culture
with local signs and symptoms); this fact may affect the
interpretation of experimental data.

In adult patients treated with BDP up to 800 mg/day
and for less than 6 months, the occurrence of Candida
colonization (40% of subjects) did not signi®cantly
differ from that observed in control groups, whereas
clinical infection was observed in about 5% of cases
(160±164). The rate increased with higher doses and
during long-term treatment (up to 77% of patients)
(165, 166). Candidal infection in children, also on long-
term BDP, is generally lower than in adults, but it
increases when the daily dose exceeds 800 mg (167±169).
In one study, BDP (up to 2000 mg/day) was associated
with candidiasis in 3±4% of patients when employed for
less than 3 months; the percentage rose to 40% after 1
year of treatment (169, 170). Sparse data are available
for FLU and BUD (171±174). Three cases of oesopha-
geal candidiasis have been described (171). In a study
with FLU (1600 mg/day), the occurrence of orophar-
yngeal candidiasis was lower with a twice daily regimen
than with q.i.d. administration (172). High-volume
spacers seem to reduce both colonization and infection
rates markedly (173±175).

Dysphonia

Dysphonia (alone or in association with sore throat) is
an important local side-effect observed with long-term
treatment with ICS. It is usually unrelated to oral
candidiasis (156, 157). Dysphonia is probably the result
of a nonspeci®c myopathy of the laryngeal muscles
similar to that observed in hypothyroidism (176, 177).
Dysphonia has been reported to occur with a frequency
of 20±50% of adult patients consuming less than BDP
600 mg/day and up to 72% for doses up of 1600 mg/day
or more (156, 160, 167, 177). As far as BUD and FLU
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are concerned, the experimental results are sparse and
controversial, but they agree on the dose-dependency of
the side-effects (156, 173, 174).

Dysphonia seems to be due to the active drug rather
than to propellants or excipients. Rinsing the mouth
after inhalation and reducing the dose appear to be
reasonable precautions. The use of spacers cannot
be considered an effective preventive measure, but
speci®c studies on this particular topic, and also on the
reversibility of dysphonia, are still lacking.

Cough and bronchospasm

These unwanted effects seem to be strictly related to
bronchial hyperreactivity (178, 179). They appear to be
due to propellants (179, 180) rather than to active
principles (158). With BDP, cough alone has been
reported to occur in 30±40% of cases, while cough and
bronchospasm occur in about 20% of patients (155,
181); deep-inspiration-induced bronchospasm has been
proposed as a possible pathogenic mechanism (182).
Only sparse reports are available for BUD (183), and
this side-effect is usually described as of minor
relevance. Cough and bronchospasm can be avoided
or minimized by premedication with b2-agonists or,
preferably, by using powdered preparation rather than
pressurized aerosols.

Contact allergy

Episodes of perioral eczema and mucosal oedema have
been reported, but only with BUD (184±189). In some
cases, positive patch tests for BUD, and not the
excipients, have been described, suggesting a type IV
hypersensitivity reaction (185±187). In two cases, a
concomitant patch positivity to other substances was
described (188, 189). Contact allergy occurs only
occasionally and must be considered a very rare side-
effect.

In conclusion, oropharyngeal candidiasis may occur
in prolonged treatments, but simple precautions (using
spacer and rinsing mouth) can minimize this adverse
event. On the other hand, dysphonia may represent a
troublesome side-effect, usually requiring treatment
discontinuation.

Other systemic side-effects

Side-effects that are well known to occur with systemic
steroids have also been sporadically described with ICS.
Insomnia, hyperactivity, aggressiveness, and depression
have been described in seven patients on inhaled BUD
(190±192); these effects occurred in the early days and
disappeared after discontinuation. No predictive para-
meter is known for psychic effects (193).

It is known that long-term treatment with systemic
steroids may induce an increased risk of posterior

subcapsular cataract or open-angle glaucoma; these
side-effects are very rare with ICS (194). The safety of
ICS for the eye has been well documented in children in
two studies (195, 196), in which the use of ICS was not
associated with an increased risk of cataract formation.
Another large prospective study in adults (197),
including long-term treatments and a wide range of
doses, excluded the risk of cataract. A slightly increased
risk of glaucoma was found in a population of patients
(age >65 years) receiving high doses of ICS (198). So
far, a single case of open-angle glaucoma and one of
cataract have been reported with high-dose BDP in
long-term treatment (199, 200).

Skin thinning and increased capillary fragility may
occur in the elderly, especially women, who use
high doses of ICS for long periods (201, 202). A
questionnaire-based study reported that skin problems
occur frequently in about 6% of patients (203). This
observation is of speculative interest; nevertheless, long-
term survey studies are needed for a practical measure
of the problem. In addition, one case of angina bullosa
haemorrhagica (204, 205) and four cases of acne have
been reported (206).

No signi®cant effect on glucose metabolism has been
shown for ICS, even with high doses (up to 2000 mg) of
BDP (207±209). In one study performed in asthmatic
children, BUD (800 mg/day) was reported to increase
HDL-cholesterol levels in a subset of subjects, but no
signi®cant changes in total cholesterol were observed
(210).

An increase in neutrophil counts in the peripheral
blood of patients taking ICS has been noted (211).
Similar effects have been sporadically described with
BDP up to 1600 mg/day, but the clinical relevance of this
effect is questionable (212). BUD at high doses (1600 mg)
caused a reduction of hypodense eosinophils in periph-
eral blood (213). Finally, in a recent study on children,
BDP (600 mg/day or more) did not affect cellular
immunity parameters (T and B cells and IL-2 secretion)
and did not increase the risk of infections (214).

In conclusion, the safety of ICS for the eye seems to be
substantiated, and no signi®cant effect on lipid and
glucose metabolism is to be expected. Some caution has
to be exercised in the elderly taking high doses of ICS for
long periods, since skin thinning and increased capillary
fragility may occur in a low percentage of patients.

Safety of ICS in pregnancy and lactation

Uncontrolled asthma may per se constitute a risk of
foetal hypoxemia with subsequent increased rate of
perinatal death; furthermore, it may aggravate gestative
hypertension and eclampsia (215±217). Therefore, the
correct treatment of asthma in pregnant women should
be the most important therapeutic aim.
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As far as corticosteroids are concerned, some risk of
teratogenicity has been evidenced only in animal models
(cleft palate in rats) with BDP and TA (218, 219);
nevertheless, no actual teratogenicity in man has ever
been reported. There are sparse experimental and
controlled data on the safety of ICS in pregnant
women, obviously due to the ethical limitations which
such studies impose. Some data are available for BDP
administered to asthmatic pregnant women (220, 221):
the drug appeared to have no effect on the pregnancy's
outcome and not to increase the risk to the foetus. The
increased rate of prematurity and low birth weight were
probably due to the effects of asthma itself rather than
to ICS (222). On the basis of clinical experience and the
available data, BDP has been proposed as the ICS of
choice for treating asthma in pregnancy (223, 224).
Concerning the risks for pregnancy, the US Food and
Drug Administration (FDA) classi®es BDP, BUD, and
FLU as class C (``risk cannot be ruled out; human
studies are lacking and animal studies are positive or
lacking as well''), and TA as class D (``positive evidence
of risk; investigational or postmarketing data show risk
to the foetus'') (223). No speci®c study has been
conducted on ICS and lactation. Based on pharmaco-
kinetic data, BDP can be excreted in milk; nevertheless,
the therapeutic doses employed are not expected to
result in signi®cantly high concentrations (225, 226).
The risks of uncontrolled asthma in pregnancy are well
recognized, as is the ef®cacy of ICS. Therefore, it is
advisable to treat asthma optimally in pregnant women;
when indicated, ICS should be used at the lowest
effective dose. BDP, for which more data are available,
should be preferred.

Nasal corticosteroids

Nasal corticosteroids are mainly used for the manage-
ment of rhinitis, but surprisingly few objective data on
their safety are available. As the dosage used intra-
nasally is low compared to inhaled corticosteroids for
asthma therapy, it may be expected that the risk of
systemic adverse effects is correspondingly reduced.
However, the absorption dynamics from the nose and
the bronchi have not been studied so far, so that this
conclusion cannot be easily drawn. Furthermore, there
is presently an increasing clinical indication for the
combined use of corticosteroids in rhinitis and bron-
chial asthma, as these diseases are often associated;
thus, additive side-effects due to the drugs may occur.
Local side-effects such as crusting and epistaxis have
also been discussed and may partially be due to the use
of Freon propellants in former years.

Systemic side-effects (Table 5)

BDP was introduced about two decades ago ®rst as
pressurized intranasal spray, then as aqueous suspen-

sion, and very recently as unpressurized powder: many
clinical studies and patient evaluations have been done
since then. A 30-year review of the available literature
was recently provided by Edelman & van Os (227).
Intranasal doses of up to 400 mg a day have not been
associated with suppression of the HPAA when given
for up to 6 months. Only one case of adrenal
suppression has been reported in the literature.
Furthermore, doses of 400 mg/day or less of BDP
have not been associated with osteoporosis or risk of
fractures, and one study in children with seasonal
allergic rhinitis did not show any effect of intranasal
BDP on bone metabolism. In seven studies, including
762 patients treated with BDP up to 400 mg per day for
at least 12 weeks, none of the patients had positive
Candida cultures from the nose or clinical manifesta-
tions of Candida infection. In some case reports of
posterior subcapsular cataracts, the majority of patients
either had used BDP for more than 5 years (often
exceeding the recommended dosages), or had received
systemic corticosteroids. Moreover, the development of
ocular hypertension or open-angle glaucoma after
intranasal corticosteroid use was limited to two
patients, in whom the pressure returned to normal
after the discontinuation of BDP. In a recent case
control study involving nearly 10 000 patients, the
authors reported no increased risk of ocular hyperten-
sion or open-angle glaucoma even after high doses of
nasal corticosteroids (more than 200 mg FP or more
than 400 mg BDP, BUD, or TA daily) (196).

In a comparative trial involving terfenadine and nasal
FP (200 mg/day), the morning plasma cortisol concen-
tration was assessed and no effect on this parameter was
demonstrated (228). Treatment of seasonal allergic
rhinitis with once-daily intranasal FP in children for 4
weeks did not affect the 24-h urinary excretion of free
cortisol and 17-ketogenic steroids compared to placebo
(229). In a third study, nasal FP (200 mg twice daily)
was demonstrated not to affect urinary cortisol levels
(230). In a placebo-controlled study in patients with
perennial rhinitis, the administration of 200 mg once
daily FP for 1 year did not affect bone mineral density
or biochemical markers of bone turnover, it did not
signi®cantly affect the HPAA, and lastly there was no
evidence of posterior subcapsular cataract or glaucoma
(231). A 12-month double-blind, placebo-controlled
study in patients with perennial allergic rhinitis showed
that FP provoked no change in nasal epithelium
(assessed by biopsy) and did not modify the plasma
and urinary cortisol level (232). In an open 12-month
study with 400 mg BUD or BDP per day, no signi®cant
change in haematology, blood chemistry parameters, or
plasma cortisol levels was found (233). Intranasal BUD
(200±400 mg/day) administered for 1 year was seen not
to cause either mucosal atrophy or HPAA impairment
(234). Similarly, in a study lasting up to 5.5 years, the
continued use of BUD had no measurable effect on the
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HPAA and did not alter nasal epithelium (235). The
possible side-effects of TA (110 or 220 mg/day) aqueous
nasal spray and oral prednisone on the HPAA were
assessed in a study of male rhinitic subjects (236).
Morning plasma cortisol level, urinary cortisol, and
ACTH stimulus were evaluated, and no signi®cant
effect of the nasal corticosteroid on these parameters
was found. No meaningful changes of morning serum
cortisol levels were recorded in 93 patients with allergic
rhinitis taking TA (110, 220, and 440 mg/day) for more
than 1 year (237). The lack of effects on the HPAA by
TA was further con®rmed in three medium-term studies
on adult patients (238±240). In a recent crossover
controlled study (241), 5-day courses of BUD, MF, and
TA at clinically recommended doses did not affect the
HPAA, bone metabolism, or blood white cells.

However, some measurable effects of nasal cortico-
steroids have also been reported. Wihl et al. reported
that BUD 400 and 800 mg single dose (but not BDP)
affected urinary cortisol; the data were con®rmed with
the same drugs after a 4-day course (242). In a recent

study conducted in healthy volunteers with a 4-day
course of different nasal steroids, FP (200 mg/day mg/
day), but not TA (220 mg/day) or BDP (336 mg/day),
affected overnight urinary cortisol; on the other hand,
none of the drugs affected serum cortisol and the
ACTH response (243). Beclomethasone nasal spray
(mean dose 168 mg b.i.d.) up to 12 months was reported
not to affect the HPAA; nevertheless it exerted a small
but signi®cant effect on the growth of children aged 6±9
years (244). By means of knemometry, Wolthers &
Pedersen demonstrated that 4-week treatment with
intranasal BUD (200 or 400 mg/day) did not signi®-
cantly affect growth velocity, although a trend toward
reduction was seen with 400 mg/day (245). However, in
another study comparing terfenadine 60 mg/day, bude-
sonide 200 mg/day, and depot methylprednisolone
60 mg, a signi®cant reduction of growth velocity was
seen over 6 weeks in those children receiving nasal and
systemic steroids (246).

A recent review summarized more than 20 clinical
trials involving more than 6000 patients treated with

Table 5. Systemic side-effects of nasal corticosteroids

Author, year Ref. A/C No. of patients

Drug

Dose mg/day Duration Assessment Results

Lindqvist, 1986 234 A 104 BUD 200±400 1 year Plasma cortisol No effect

ACTH test

Pipkorn, 1988 235 A 24 BUD 400 5.5 years Plasma cortisol No effect

ACTH test

Tinkelmann, 1990 239 A 189 TA 250 4 weeks Plasma cortisol No effect

Spector, 1990 240 A 205 TA 200 12 weeks Plasma cortisol No effect

Feiss, 1992 238 A 62 TA 110, 220, 440 6 weeks ACTH test No effect

Wolthers, 1993 246 C 44 BUD 200 6 weeks Knemometry QGrowth velocity

Wolthers, 1994 245 C 38 BUD 200, 400 4 weeks Knemometry No effect

Welch, 1994 237 A 93 TA 110, 220, 440 1 year Plasma cortisol No effect

Gulant, 1994 229 C 249 FP 200 4 weeks Free urinary cortisol No effect

Plasma cortisol

Howland, 1996 231 A 32 FP 200 1 year Bone mass density No effect

Free urinary cortisol

Howland, 1996 236 A 64 TA 110±220 6 weeks Plasma cortisol No effect

ACTH test

Foresi, 1996 230 A 50 FP 200 8 weeks Free urinary cortisol No effect

Synnerstad, 1996 233 A 24 BUD/BDP 200 1 yr Plasma cortisol No effect

Bronsky, 1996 228 A 348 FP 200 4 weeks Plasma cortisol No effect

Brannan, 1996 248 A 25 MF 200±4000 Single Cortisol AUC No effect

dose

Wihl, 1997 242 A 14 BUD/BDP 200, 400, 800 Single dose and Plasma cortisol Single dose: no effect on

4 days Free urinary cortisol plasma cortisolsQurinary BUD

Multiple dose:Qurinary

cortisol, dose-dependent

Brannan, 1997 249 A 64 MF 200±400 36 days ACTH test No effect

Brannan, 1998 250 C 96 MF 50, 100, 200 7 days Plasma cortisol No effect

Holm, 1998 232 A 42 FP 200 1 year Plasma cortisol No effect

Wilson, 1998 243 A 60 FP 200 4 days Free urinary cortisol Only FPQurinary cortisol

TA 220 ACTH test No other effect

BDP 336

Wilson, 1998 241 A 20 BUD 200, MF 200 5 days Plasma/urinary cortisol, No effect

TA 220 each osteocalcin,

eosinophils

Rachelefsky, 1998 244 C BDP 168 1 year Free urinary cortisol No effect on HPAA

Height QGrowth

* Adult/child.

Safety of corticosteroids

25



MF, concluding that there was no detectable effect on
the HPAA (247). In particular, Brannan et al. in two
studies found that nasal MF did not affect the adrenal
function either in a single dose up to 4000 mg (248) or
in a 36-day course (200±400 mg/day) (249). Nor was an
effect on HPAA in children detectable with MF (50,
100, or 200 mg/day) in a 7-day course of therapy (250).
Finally, a single case of hyperactivity and disturbed
behaviour after nasal BDP has been so far described
(251). In summary, intranasal corticosteroids are
highly effective; nevertheless, they are not completely
devoid of systemic effects. Thus, care has to be taken,
especially in children, when long-term treatments are
prescribed.

Local side-effects

Again, the longest experience of local side-effects is
available for BDP (227). Since local application of
corticosteroids may cause dermal atrophy, the pos-
sibility of mucosal atrophy by long-term use of
intranasal steroids has been thoroughly investigated.
In several studies, including chronic use of intranasal
BDP for periods of up to 36 months, biopsy
investigations did not show any effect on nasal
mucosa. The safety of once-daily administration of
220 mg/day of TA for 3 weeks was evaluated in 429
patients with seasonal allergic rhinitis compared to
the placebo group, showing no signi®cant difference
between the two groups (252). Similar results were
obtained in a multicenter study evaluating the safety
of a once-a-day regimen of 110, 220, and 440 mg TA
administered to patients with perennial allergic
rhinitis, aged 12±65 years (253). A further study of
adult patients with perennial allergic rhinitis treated
for 12 months with MF (200 mg/day) showed in nasal
biopsies no adverse tissue change after treatment
(254). Similarly, no signi®cant effect of MF (200 mg/
day) on mucociliary clearance and olfactory function
was detectable (255). The data further indicated that
some of the adverse events such as irritation, crusting,
itching, and stinging may be due to the propellant
used in older formulations rather than to the active
drug. Epistaxis (including blood-containing secre-
tions) was in some studies reported to be more
frequent (about 15%) in the active than in the control
group (227, 256); in other studies, it was not (257,
258). It is advisable that patients on long-term
therapy have their nasal mucosa periodically exam-
ined; such patients may use an inert ointment after
the use of the steroid to protect mucosa from drying.
The application once daily of intranasal steroids may
possibly reduce these minor side-effects.

In conclusion, although the available studies on
intranasal steroids show favourable results, local side-
effects could be reduced by teaching the right applica-
tion technique. Long-term use should be periodically
monitored.

Conclusions

ICS are presently the most effective drugs for the
treatment of bronchial asthma (1±4), since they drama-
tically reduce the in¯ammatory phenomena underlying
the disease; similarly, nasal corticosteroids are a ®rst-
choice treatment for rhinitis (259). ICS exert their effects
by acting on several components of in¯ammation and
they modify the anatomopathologic features of the
in¯ammatory process in most cases. For these reasons,
ICS are widely used and prescribed in both adults and
children, usually in long-term treatments. Therefore, the
safety of these drugs is of importance for both general
practitioners and specialists.

According to the available controlled studies, some
effects on the HPAA and bone metabolism are
detectable with high doses of ICS. Indeed, the effects
on the HPAA and bone metabolism are measurable
only by means of biochemical parameters; their clinical
signi®cance is still unknown and is probably extremely
small compared to the bene®t achieved. With regard to
children's growth, some data suggest that short-term
growth can be affected by high doses of ICS, but this
effect is certainly less signi®cant than that due to
uncontrolled asthma. It is often dif®cult to separate the
effects of asthma and ICS. Stature and growth velocity
seem to depend mainly on the degree of asthma control
(134, 260), and children receiving ICS seem to reach
eventually their predicted height. Nevertheless, the
potential of systemic side-effects imposes, especially in
children, a cautious use: it is advisable to use the lowest
effective dose and, when an MDI is used, it should be in
combination with a large-volume spacer.

Some local side-effects have also been described. Oral
candidiasis seems to be dose-related and can be
minimized by using spacers and rinsing the mouth
after inhalation, whereas dysphonia, if troublesome,
may require discontinuation of treatment. Other
systemic side-effects have also been described: cuta-
neous side-effects may be of some relevance in the
elderly, whereas neurologic and ocular adverse events
have to be considered anecdotal.

ICS, together with avoidance of trigger factors and
use of rescue bronchodilators, remain the ®rst-choice
therapeutic option for the management of bronchial
asthma, and their risk/bene®t ratio is, overall, favour-
able. This does not imply that ICS are totally safe: in
fact, a class relabelling for ICS has been recently
approved in the USA (261, 262), and the British
Committee on Safety of Medicines (CSM) (263) has
also emphasized some warnings. A careful evaluation of
patients (especially those taking high doses for long
periods) is always required. Similar considerations are
valid also for nasal corticosteroids: the risk/bene®t ratio
is generally favourable, but special caution has to be
exercised in children, since systemic side-effects have
been described.

Passalacqua et al.

26



References

1. National Institutes of Health. Global
strategy for asthma management and
prevention. NHLBI/WHO workshop
report. Publication no. 95±3659, Jan
1995.

2. BARNES PJ, PEDERSEN S. Ef®cacy and
safety of inhaled corticosteroids in
asthma. Am Rev Respir Dis
1993;148:S1±S26.

3. WASSERFALLEN JB, BARANIUK JN.
Clinical use of inhaled corticosteroids
in asthma. J Allergy Clin Immunol
1996;97:177±182.

4. PEDERSEN S, O'BYRNE P. Ef®cacy and
safety of inhaled corticosteroids.
Allergy 1997;52 Suppl 39:3±8.

5. SCHLEIMER RP. Effects of
glucocorticoids on in¯ammatory cells
relevant to their therapeutic
application in asthma. Am Rev Respir
Dis 1990;141:S59±S69.

6. LUNDGREN R, SODERBERG M, HORSTEDT

P, STENLING R. Morphologic studies on
bronchial mucosal biopsies from
asthmatics before and after ten years
treatment with inhaled steroids. Eur
Respir J 1988;1:883±889.

7. ADELROTH E, ROSENTHAL L, JOHANSSON

SA, LINDEN M, VENGE P. In¯ammatory
cells and eosinophilic activity in
asthmatics investigated by
bronchoalveolar lavage. Am Rev
Respir Dis 1990;142:91±99.

8. JEFFERY PK, GODFREY RW, ADELROTH

E, NELSON F, ROGERS A, JOHANSSON SA.
Effect of treatment on airway
in¯ammation and thickening of
basement membrane reticular collagen
in asthma. Am Rev Respir Dis
1992;145:890±899.

9. JUNIPER EF, KLINE PA, VANZIELEGHEM

MA, RAMSDALE EH, O'BYRNE P,
HARGREAVE FE. Effect of long-term
treatment with an inhaled
corticosteroid (budesonide) on airway
hyperresponsiveness and clinical
asthma in nonsteroid-dependent
asthmatics. Am Rev Respir Dis
1990;142:832±836.

10. BURKE C, POWER CK, NORRIS A,
CONDEZ A, SCHMEKEL B, POULTER LW.
Lung function and
immunopathological changes after
inhaled corticosteroid therapy in
asthma. Eur Respir J 1992;5:73±79.

11. vAN ESSEN-ZANDVLIET EE, HUGHES MD,
WAALKENS HJ, DUIVERMAN EJ, POCOCK

SJ, KERREBIJN KF. Effects of 22
months of treatment with inhaled
corticosteroids and/or beta2-agonists
on lung function, airway
responsiveness, and symptoms in
children with asthma. Am Rev Respir
Dis 1992;146:547±551.

12. LAITINEN A, LAITINEN LA. Airway
morphology: epithelium/basement
membrane. Am J Respir Crit Care
Med 1994;150:S14±S17.

13. KRAFT M, DJUKANOVIC M, WILSON R,
HOLGATE ST. Alveolar tissue
in¯ammation in asthma. Am J Respir
Crit Care Med 1996;154:1505±1510.

14. HAAHTELA T, JARVINEN M, KAVA T,
et al. Effects of reducing or
discontinuing inhaled budesonide in
patients with mild asthma. N Engl J
Med 1994;331:700±705.

15. SELROOS O, PIETINALHO A, LOFROOS AB,
RISKA H. Effect of early vs late
intervention with inhaled
corticosteroids in asthma. Chest
1995;108:1228±1234.

16. VATHENEN AS, KNOX AJ, WISNIEWSKI A,
TATTERSFIELD AS. Time course of
change in bronchial reactivity with an
inhaled corticosteroid in asthma. Am
Rev Respir Dis 1991;143:1317±1321.

17. WAALKENS HJ, vAN ESSEN-ZANDVLIET

EE, HUGHES MD, et al. Cessation of
long-term treatment with inhaled
corticosteroid (budesonide) in children
with asthma results in deterioration.
Am Rev Respir Dis 1993;148:1252±
1257.

18. CARSON-JURICA MA, SCHRADER WT,
O'MALLEY BW. Steroid receptor
family: structure and function. Endocr
Rev 1990;11:201±210.

19. MUNCK A, MENDEL DB, SMITH LI, ORTI

E. Glucocorticoid receptors and
actions. Am Rev Respir Dis
1990;141:S2±S10.

20. SMITH DF, TOFT DO. Steroid receptors
and their associated proteins. Mol
Endocrinol 1993;7:4±10.

21. FUNDER JW. Mineralocorticoids,
glucocorticoids, receptors and
response elements. Science
1993;259:1132±1136.

22. BARNES PJ, ADCOCK I. Anti-
in¯ammatory actions of steroids:
molecular mechanism. Trends
Pharmacol Sci 1993;14:436±441.

23. BARNES PJ. Molecular mechanisms of
steroid action in asthma. J Allergy Clin
Immunol 1996;97:159±168.

24. BARNES PJ. Transcription factors in
asthma. In: BOUSQUET J, GODARD P,
CHANEZ P, MICHEL FB, editors. From
genetics to quality of life. Montpellier:
Hogrefe & Huber: 1996:175±179.

25. BARNES PJ. Inhaled glucocorticoids for
asthma. N Engl J Med 1995;332:668.

26. JOHNSON M. Pharmacodynamics and
pharmacokinetics of inhaled
glucocorticoids. J Allergy Clin
Immunol 1996;97:169±176.

27. ENGLISH AF, NEATE MS, QUINT DJ,
SAREM M. Biological activities of some
steroids used in asthma. Am J Respir
Crit Care Med 1994;149 Suppl
4):A212.

28. LIPWORTH BJ. New perspectives on
inhaled drug delivery and systemic
bioactivity. Thorax 1995;10:105±110.

29. ANDERSSON P, RYRFELDT A.
Biotransformation of the topical
glucocorticoids budesonide and
beclomethasone 17,21 dipropionate in
human liver and lung homogenate.
J Pharm Pharmacol 1984;36:763±765.

30. MILLER-LARSSON A, MATTSON H,
OHLSSON D, et al. Prolonged release
from the airway tissue of
glucocorticoids budesonide and
¯uticasone propionate as compared to
beclomethasone dipropionate and
hydrocortisone. Am J Respir Crit Care
Med 1994;148:A466.

31. BROWN PH, BLUNDELL G, GREENING

AP, CROMPTON GK. Do large volume
spacer devices reduce the systemic
effects of high dose inhaled
corticosteroids? Thorax 1990;95:736±
739.

32. SELROOS O, HALME M. Effect of a
volumatic spacer and mouth rinsing on
systemic absorption of inhaled
corticosteroids from a metered dose
inhaler and dry powder inhaler.
Thorax 1991;46:891±894.

33. PEDERSEN S. Inhalers and nebulisers:
which to choose and why. Respir Med
1996;90:69±77.

34. SMITH EC, DENYER J, KENDRICK AH.
Comparison of twenty-three nebulizer/
compressor combinations for
domiciliary use. Eur Respir J
1995;8:1214±1221.

35. LINDGREN S, BAKE B, LARSSON S.
Clinical consequences of inadequate
inhalation technique in asthma
therapy. Eur J Respir Dis 1987;70:93.

36. PEDERSEN S, FROST L, ARNFRED T.
Errors in inhalation technique and
ef®ciency in inhaler use in asthmatic
children. Allergy 1986;41:118±123.

37. NEWMAN SP, WEISZ AWB, TALAEE N,
CLARKE SW. Improvement of drug
delivery with a breath actuated
pressurised aerosol for patients with
poor inhaler technique. Thorax
1991;46:712±716.

38. TOOGOOD JH, BASKERVILLE J, JENNINGS

B, LEFCOE NM, JOHANSSON NA. Use of
spacers to facilitate inhaled
corticosteroid treatment of asthma.
Am Rev Respir Dis 1984;129:723±729.

39. MUNCH EP, TAUDORF E, WEEKE B.
Dose frequency in the treatment of
asthmatics with inhaled topical steroid.
Eur J Respir Dis 1982;63:143.

Safety of corticosteroids

27



40. vAN SCHAYCK CP, vAN DEN BROEK PJJ,
vAN DEN OTTER JJ, vAN HEERWARDEN

CL, MOLEMA J, vAN WEEL C. Periodic
treatment regimen with inhaled
steroids in asthma or chronic
obstructive pulmonary disease. JAMA
1995;274:161±164.

41. PINCUS DJ, SZETLER SJ, ACKERSON LN,
MARTIN RJ. Chronotherapy of asthma
with inhaled steroids: the effect of
dosage timing on drug ef®cacy. J
Allergy Clin Immunol 1995;95:1172±
1178.

42. HANANIA NA, CHAPMAN KR, KESTEN S.
Adverse effects of inhaled
corticosteroids. Am J Med
1995;98:196.

43. KELLER-WOOD ME, DALMANN MF.
Corticosteroid inhibition of ACTH
secretion. Endocr Rev 1984;5:1±24.

44. LOFDAHL CG, MELSTRAND T, SVEDMYR

N. Glucocorticoids and asthma:
studies of resistance and systemic
effects of glucocorticoids. Eur J Respir
Dis 1984;65:69±79.

45. HARTZBAND PI, vAN HERLE AJ, SORGER

L, COPE D. Assessment of
hypothalamic pituitary adrenal (HPA)
axis dysfunction comparison of ACTH
stimulation, insulin hypoglycaemia
and metyrapone. J Endocr Invest
1988;11:769±776.

46. STEWART PM, SECKL JR, CORRIE J,
EDWARDS CR, PEDFIELD PL. A rational
approach for assessing the
hypothalamo-pituitary-adrenal axis.
Lancet 1988;1:1208±1210.

47. SHERMAN B, WEINBERGER M, CHEN-
WALDEN H, WENDT H. Further studies
of the effects of inhaled glucocorticoids
on pituitary-adrenal function in
healthy adults. J Allergy Clin Immunol
1982;69:208±212.

48. HOLT PR, LOWNDES DW, SMITHIES E,
DIXON GT. The effect of an inhaled
steroid on the hypothalamic pituitary
adrenal axis: which test should be
used? Clin Exp Allergy 1990;20:145±
149.

49. BROWN PM, BLUNDELL G, GREENING

AP, CROMPTON GK. Screening for
hypothalamic-pituitary-adrenal axis
suppression in asthmatics taking high
dose inhaled glucocorticoids. Respir
Med 1991;85:511±516.

50. HONOUR JW. Hypothalamic pituitary
adrenal axis. Respir Med 1994;88:9±
15.

51. WEITZMAN ED, FUKUSHIMA D, NOGEIRE

C, ROFFWARG H, GALLAGHER TF,
HELLMAN L. Twenty-four hour pattern
of episodic secretion of cortisol in
normal subjects. J Clin Endocr Metab
1971;33:14±22.

52. JOHANSSON SA, ANDERSSON KE,
BRATTSAND R, GRUVSTAD E, HEDNER P.
Topical and systemic
glucocorticosteroid potencies of
budesonide, beclomethasone
dipropionate and prednisolone in man.
Eur J Clin Pharmacol 1982;22:523±
529.

53. NIKOLAIZIK WH, MARCHANT JL, PREECE

MA, WARNER JO. Nocturnal cortisol
secretion in healthy adults before and
after inhalation of budesonide. Am J
Respir Crit Care Med 1996;153:97±
101.

54. GRAHNEN A, ECKERNAS SA, BRUNDIN

RM, LING-ANDERSON A. An assessment
of the systemic activity of single doses
of inhaled ¯uticasone propionate in
healthy volunteers. Br J Clin
Pharmacol 1994;38:521±525.

55. BOOTSMA M, ANDERSSON N, LARSSON P,
ULLMAN A. Assessment of the relative
systemic potency of inhaled ¯uticasone
and budesonide. Eur Respir J
1996;9:1427±1432.

56. GROVE A, ALLAM C, MCFARLANE LC,
MCPHATE G, LIPWORTH BJ. A
comparison of the systemic bioactivity
of inhaled budesonide and ¯uticasone
in normal subjects. Br J Pharmacol
1994;38:527±532.

57. WILSON AM, CLARK DJ, MCFARLANE L,
LIPWORTH BJ. Adrenal suppression
with high doses of inhaled ¯uticasone
propionate and triamcinolone
acetonide in healthy volunteers. Eur J
Clin Pharmacol 1997;53:33±37.

58. BRAUN PH, MATUSIEWICZ SP, SHEARING

C, TIBI L, GREENING AP, CROMPTON

GK. Systemic effects of high dose
inhaled steroids: comparison of
beclomethasone dipropionate and
budesonide in healthy subjects. Thorax
1993;48:967±973.

59. BISGAARD H, DAMKJAER-NIELSEN N,
ANDERSEN B, et al. Adrenal function in
children with bronchial asthma treated
with beclomethasone dipropionate or
budesonide. J Allergy Clin Immunol
1988;81:1088±1095.

60. EBDEN P, JENKINS A, HOUSTON G,
DAVIES BH. Comparison of two high
dose corticosteroid aerosol treatments,
beclomethasone dipropionate (1500
micrograms/day) and budesonide
(1600 micrograms/day), for chronic
asthma. Thorax 1986;41:869±874.

61. SVENDSEN UG, FROLUND L, HEINIG JH,
MADSEN F, NIELSEN NH, WEEKE B.
High dose inhaled steroids in the
management of asthma: a comparison
of the effects of budesonide and
beclomethasone dipropionate on
pulmonary function, symptoms,
bronchial responsiveness and the
adrenal function. Allergy 1992;47:174±
180.

62. PEDERSEN S, FUGSLANG G. Urine
cortisol excretion in children treated
with high doses of inhaled
corticosteroids: a comparison of
budesonide and beclomethasone. Eur
Respir J 1988;1:433±435.

63. TOOGOOD JH, BASKERVILLE J, JENNINGS

B, LEFCOE N, JOHANSSON SA.
Bioequivalent doses of budesonide and
prednisone in moderate and severe
asthma. J Allergy Clin Immunol
1989;84:688±700.

64. LAW CM, PREECE MA, WARNER JO.
Nocturnal adrenal suppression in
children inhaling beclomethasone
dipropionate. Lancet 1986;1:942±944.

65. PHILLIP M, AVIRAM M, LEIBERMAN E, et
al. Integrated plasma cortisol
concentration in children with asthma
receiving long term inhaled
corticosteroids. Pediatr Pulmonol
1992;12:84±89.

66. BISGAARD H, PEDERSEN S, DAMKJAER-
NIELSEN M, éSTERBALLE O. Adrenal
function in asthmatic children treated
with inhaled budesonide. Acta Pediatr
Scand 1991;80:213±217.

67. FABBRI L, BURGE PS, CROONENBORGH L,
et al. Comparison of ¯uticasone
propionate with beclomethasone
dipropionate in moderate to severe
asthma treated for 1 year. Thorax
1993;48:817±823.

68. LANGDON CG, CAPSEY J. Fluticasone
propionate and budesonide in adult
asthmatics: a comparison using dry-
powder inhaler devices. Br J Clin Res
1994;5:85±90.

69. BOE J, BAKKE P, RODOLEN T, SKOVLUND

E, GULSVIK A. High-dose inhaled
steroids in asthmatics: moderate
ef®cacy gain and suppression of the
hypothalamic-pituitary-adrenal
(HPA) axis. Eur Respir J 1994;7:2179±
2184.

70. CLARK D, GROVE A, CARGILL RI,
LIPWORTH BJ. Comparative adrenal
suppression with inhaled budesonide
and ¯uticasone propionate in adult
asthmatic patients. Thorax
1996;51:262±266.

71. CLARK DJ, CLARK RA, LIPWORTH BJ.
Adrenal suppression with inhaled
budesonide and ¯uticasone propionate
given by a large volume spacer to
asthmatic children. Thorax
1996;51:941±943.

72. CLARK DJ, LIPWORTH BJ. Adrenal
suppression with chronic dosing of
¯uticasone propionate compared to
budesonide in adult asthmatic
patients. Thorax 1997;52:55±58.

73. VOLOVITZ B, AMIR J, MALIK H,
KAUSCHANSKY A, VARSANO I. Growth
and pituitary-adrenal function in
children with severe asthma treated
with inhaled budesonide. N Engl J
Med 1993;329:1703±1078.

Passalacqua et al.

28



74. NICOLAIZIK WH, MARCHANT JL, PREECE

MA, WARNER JO. Endocrine and lung
function in asthmatic children on
inhaled corticosteroids. Am J Respir
Crit Care Med 1994;150:624±628.

75. NINAN TK, REID IW, CARTER PE, SMAIL

PJ, RUSSEL J. Effect of high doses of
inhaled corticosteroids on adrenal
function with severe persistent asthma.
Thorax 1993;48:599±602.

76. GOLDBERG S, ALGUR N, LEVI M, et al.
Adrenal suppression among asthmatic
children receiving chronic therapy with
inhaled corticosteroid with and
without spacer device. Ann Allergy
Asthma Immunol 1996;76:234±238.

77. LIPWORTH BJ, CLARK DJ, MCFARLANE

LC. Adrenocortical activity with
repeated twice daily dosing of
¯uticasone propionate and budesonide
given by a large volume spacer to
asthmatic schoolchildren. Thorax
1997;52:686±689.

78. PEDERSEN S, HANSEN R. Budesonide
treatment of moderate and severe
asthma in children: a dose response
study. J Allergy Clin Immunol
1995;95:29±33.

79. AGERTOFT L, PEDERSEN S. Short term
knemometry and urine cortisol
excretion in children treated with
¯uticasone propionate and
budesonide: a dose response study. Eur
Respir J 1997;10:1507±1512.

80. HOFFMANN-STREB A, L'ALLEMAND D,
NIGGEMANN B, BUTTNER P, WAHN U.
Adrenocortical function in children
with bronchial asthma in ¯uticasone
therapy. Monatsschr Kinderheilkd
1993;141:508±512.

81. SLY RM, IMSEIS M, JOSEPH F.
Treatment of asthma in children with
triamcinolone acetonide aerosol. J
Allergy Clin Immunol 1978;62:76±80.

82. PIACENTINI GL, SETTE L, PERONI DG,
BONIZZATO C, BONETTI S, BONER AL.
Double-blind evaluation of
effectiveness and safety of ¯unisolide
aerosol for treatment of bronchial
asthma in children. Allergy
1990;45:612±616.

83. HOEKX JCM, HEDLIN G, PEDERSEN W,
SORVA R, HOLLINGWORTH K, EFTHIMIOU

J. Fluticasone propionate compared
with budesonide: a double blind trial in
asthmatic children using powder
devices at dosage of 400 mcg/day. Eur
Respir J 1996;9:2263±2272.

84. BARNES NC, HALLET C, HARRIS TA.
Clinical experience with ¯uticasone
propionate in asthma: a meta-analysis
of ef®cacy and systemic activity
compared with budesonide and
beclomethasone dipropionate at half
the microgram dose or less. Respir
Med 1998;92:95±104.

85. VARSANO I, VOLOVITZ B, MALIK H, AMIR

Y. Safety of 1 year of treatment with
budesonide in young children with
asthma. J Allergy Clin Immunol
1990;85:914±920.

86. PRAHL P, JENSSEN T, BJERREGAARD-
ANDERSEN H. Adrenocortical function
in children on high dose steroid aerosol
therapy. Results of serum cortisol,
ACTH stimulation test and 24 hour
free cortical secretion. Allergy
1987;42:541±544.

87. STIKSA G, NEMCEK K, GLENNOW C.
Adrenal function in asthmatic treated
with high dose budesonide.
Respiration 1985;48:91±93.

88. MABERLY DJ, GIBSON GJ, BUTLER AG.
Recovery of adrenal function after
substitution of beclomethasone
dipropionate for oral corticosteroids.
BMJ 1973;1:778±782.

89. BULOW KB, KALEN N. Local and
systemic effects of beclomethasone
inhalation in steroid-dependent
asthmatic patients. Curr Ther Res
1974;16:110±114.

90. BROWN PH, BLUNDELL G, GREENING

AP, CROMPTON GK. High dose inhaled
steroid therapy and the cortisol stress
response to acute severe asthma.
Respir Med 1992;86:495±497.

91. WONG J, BLACK P. Acute adrenal
insuf®ciency associated with high dose
inhaled steroids. BMJ 1992;304:1415.

92. ZWAAN CM, ODINK RJH, DELMARRE-

VAN DER WAAL HA, WANKER-ROELSE A,
BOKMA JA. Acute adrenal insuf®ciency
after discontinuation of inhaled
corticosteroid therapy. Lancet
1992;340:1289±1290.

93. CHALKLEY SM, CHISHOLM DJ.
Cushing's syndrome from an inhaled
glucocorticoid. Med J Aust
1994;160:614±615.

94. ZIMMERMAN B, GOLD M, WHERRET D,
HANNA AK. Adrenal suppression in
two patients with asthma treated with
low doses of the inhaled steroid
¯uticasone propionate. J Allergy Clin
Immunol 1998;101:425±426.

95. HOSKING DJ. Effect of corticosteroids
on bone turnover. Respir Med 1993;87
(A):15±23.

96. SMITH R. Corticosteroids and
osteoporosis. Thorax 1990;45:573±
577.

97. LUKERT BP, RAISZ LG. Glucocorticoid-
induced osteoporosis: pathogenesis
and management. Ann Intern Med
1990;112:352±360.

98. GREENBERGER PA, HENDRIX RW,
PATTERSON R, CHMIEL JS. Bone studies
in patients on prolonged systemic
corticosteroid therapy for asthma. Clin
Allergy 1982;12:363±68.

99. BOYD G. Effect of inhaled
corticosteroids on bone. Respir Med
1994;88 (A):45±52.

100. ADINOFF AD, HOLLISTER JR. Steroid-
induced fractures and bone loss in
patients with asthma. N Engl J Med
1983;309:265±268.

101. REID DM. Methods of measurement of
bone turnover and clinical evaluation
of osteoporosis: relevance to asthma
and corticosteroid therapy. Respir
Med 1993;87(A):9.

102. DELMAS PD. Biochemical markers of
bone turnover; theoretical
considerations and clinical use in
osteoporosis. Am J Med
1993;95(5A):11S±16S.

103. DULL TA, HENNEMANN PH. Urinary
hydroxyproline as index of collagen
turnover in bone. N Engl J Med
1963;268:132±134.

104. ROBINS SP, BLACK D, PATERSON CR,
et al. Evaluation of urinary
hydroxypyridinium crosslink
measurement as resorption markers in
metabolic bone diseases. Eur J Clin
Invest 1991;21:310.

105. TOOGOOD JH, HODSMAN A, BASKERVILLE

J, MARKOV A. Vertebral bone mineral
density (VBMD) among elderly men
and women receiving long term
inhaled or oral steroids for asthma.
J Allergy Clin Immunol 1995;95:310.

106. PACKE GE, DOUGLAS JG, MCDONALD

AF, ROBINS SP, REID DM. Bone
density in asthmatic patients taking
high dose inhaled beclomethasone
dipropionate and intermittent systemic
corticosteroids. Thorax 1992;47:414±
417.

107. IP M, LAM K, YAM L, KUNG A, NG M.
Decreased bone mineral density in
premenopausal asthma patients
receiving long-term inhaled
corticosteroids. Chest 1994;105:1722±
1727.

108. TEELUKSINGH F, PADFIELD PL, TIBI L,
GOUGH KJ, HOLT PR. Inhaled
corticosteroids, bone formation and
osteocalcin. Lancet 1991;338:60±61.

109. POUW EM, PRUMMEL MF, OOSTING H,
ROOS CM, ENDERT E. Beclomethasone
inhalation decreases serum osteocalcin
concentrations. BMJ 1991;302:627±
628.

110. ALI NJ, CAPEWELL S, WARD MJ. Bone
turnover during high dose inhaled
corticosteroid treatment. Thorax
1991;46:160±164.

111. SORVA R, TURPEINEN M, JUNTUNEN-
BACKMAN K, KARONEN SL, SORVA A.
Effects of inhaled budesonide on
serum markers of bone metabolism in
children with asthma. J Allergy Clin
Immunol 1992;90:808±815.

112. LEECH JA, HODDER RV, OOI DS, GAY J.
Effect of short-term inhaled
budesonide and beclomethasone
dipropionate on serum osteocalcin in
premenopausal women. Am Rev
Respir Dis 1993;148:113±115.

Safety of corticosteroids

29



113. MEERAN K, HATTERSLEY A, BURRING J,
SHINER R, IBBERTSON K. Oral and
inhaled corticosteroids reduce bone
formation as shown by plasma
osteocalcin levels. Am J Respir Crit
Care Med 1995;151:333±336.

114. MEERAN K, BURRIN JM, NOONAN KA,
PRICE CP, IND PW. A large volume
spacer signi®cantly reduces the effect
of inhaled steroids on bone formation.
Postgrad Med J 1995;71:156±159.

115. TOOGOOD JH, BASKERVILLE JC, MARKOV

AE, et al. Bone mineral density and the
risk of fracture in patients receiving
long term inhaled steroid therapy for
asthma. J Allergy Clin Immunol
1995;96:157±166.

116. HOLLIDAY SM. Inhaled ¯uticasone
propionate: a review of its
pharmacodynamic and
pharmacokinetic properties and
therapeutic use in asthma. Drug
1994;47:318.

117. KONIG P, HILLMAN L, CERVANTES C,
et al. Bone metabolism in children with
asthma treated with inhaled
beclomethasone dipropionate. J
Paediatr 1993;122:219±226.

118. WOLTHERS OD, RIIS BJ, PEDERSEN S.
Bone turnover in asthmatic children
treated with oral prednisolone or
inhaled budesonide. Pediatr Pulmonol
1993;16:341±346.

119. BARALDI E, BOLLINI MC, DE MARCHI A,
ZACCHELLO F. Effect of
beclomethasone dipropionate on bone
mineral content assessed by X-ray
densitometry in asthmatic children: a
longitudinal evaluation. Eur Respir
J 1994;7:710±714.

120. KINBERG KA, HOPP RJ, BIVEN RE,
GALLAGHER JC. Bone mineral density
in normal and asthmatic children.
J Allergy Clin Immunol 1994;84:490±
497.

121. AGERTOFT L, PEDERSEN S. Bone mineral
density in children with asthma
receiving long term treatment with
budesonide. Am J Respir Crit Care
Med 1998;157:178±183.

122. HOPP RJ, DEGAN JA, PHELAN J, LAPPE J,
GALLAGHER GC. Cross sectional study
of bone density in asthmatic children.
Pediatr Pulmonol 1995;20:189±192.

123. MARTINATI LC, BERTOLDO F, GASPERI

G, MICELLI S, BONER AL. Effect on
cortical and trabecular bone mass of
different antiin¯ammatory treatments
in preadolescent children with chronic
asthma. Am J Respir Crit Care Med
1996;153:232±236.

124. BOULET LP, GIGUERE MC, MILOT J,
BROWN J. Effects of long-term use of
high-dose inhaled steroids on bone
density and calcium metabolism.
J Allergy Clin Immunol 1994;94:796±
803.

125. KERSTJENS HA, POSTMA DS, vAN

DOORMAAL JJ, et al. Effects of short
term and long term treatment with
inhaled corticosteroids on bone
metabolism in patients with airways
obstruction. Thorax 1994;49:652±656.

126. BIRKEBAEK NH, ESBERG G, ANDERSEN

K, WOLTHERS OD, HASSAGER C. Bone
and collagen turnover during
treatment with inhaled dry powder
budesonide and beclomethasone
dipropionate. Arch Dis Child
1995;73:524±527.

127. WOLTHERS OD, JUUL A, HANSEN M,
MULLER J, PEDERSEN S. The insulin-like
growth factor axis and collagen
turnover in asthmatic children treated
with inhaled budesonide. Acta Pediatr
1995;84:393±397.

128. BOOTSMA GP, DEKHUIJZN PNR, FESTEN

J, MULDER PJH, SWINKELS LM, vAN

HERWAARDEN CL. Fluticasone
propionate does not in¯uence bone
metabolism in contrast to
beclomethasone dipropionate. Am J
Respir Crit Care Med 1996;153:924±
930.

129. MARTINATI LC, BERTOLDO F, GASPERI E,
FORTUNATI P, LO CASCIO V, BONER AL.
Longitudinal evaluation of bone mass
in asthmatic children treated with
inhaled beclomethasone dipropionate
or cromolyn sodium. Allergy
1998;53:705±708.

130. SALTER HH. On asthma: its pathology
and treatment. 2nd ed. London:
Churchill, 1868.

131. COHEN MB, ABRAM LE. Growth
patterns of allergic children. J Allergy
1948;19:165±171.

132. SPOCK A. Growth pattern in 200
children with asthma. Ann Allergy
1965;23:608±611.

133. HAUSPIE R, SUSANNE C, ALEXANDER F.
Maturational delay and temporal
growth retardation in asthmatic boys.
J Allergy Clin Immunol 1977;59:200±
206.

134. NINAN TK, RUSSELL G. Asthma,
inhaled corticosteroid treatment and
growth. Arch Dis Child 1992;67:703±
705.

135. MACKENZIE C. Knemometry. Respir
Med 1994;88(A):39±42.

136. BALFOUR-LYNN L. Growth and
childhood asthma. Arch Dis Child
1986;61:1049±1055.

137. LITTLEWOOD JM, JOHNSON AW,
EDWARDS PA, LITTLEWOOD AE. Growth
retardation in asthmatic children
treated with inhaled beclomethasone
dipropionate. Lancet 1988;1:115±116.

138. HILLER E, GROGGINS RC, LENNEY W,
STOKES M, MILNER D. Beclomethasone
dipropionate powder inhalation
treatment in chronic childhood
asthma. Progr Respir Res
1981;17:285±289.

139. RIBEIRO LB. Budesonide: safety and
ef®cacy aspects of its long-term use in
children. Pediatr Allergy Immunol
1993;4:73±78.

140. NINAN TK, RUSSEL G. Asthma, inhaled
corticosteroid treatment and growth.
Arch Dis Child 1992;67:703±705.

141. MCKENZIE CA, WALES JK. Clinical
experience with inhaled ¯uticasone
propionate in childhood growth. Eur
Respir J 1993;6:262S.

142. MARTIN AJ, LANDAU LI, PHELAN PD.
The effect on growth of childhood
asthma. Acta Pediatr Scand
1981;70:683±688.

143. AGERTOFT L, PEDERSEN S. Effects of
long-term treatment with an inhaled
corticosteroid on growth and
pulmonary function in asthmatic
children. Respir Med 1994;88:373±381.

144. MERKUS PJ, vAN ESSEN-ZANDVLIET EE,
DUIVERMAN EJ, vAN HOUWELINGEN HC,
KERREBIJN KF, QUANJER PH. Long
term effects of inhaled corticosteroids
on growth rate in adolescents with
asthma. Pediatrics 1993;91:1121±1126.

145. PRICE DF, RUSSEL G, HINDMARSH PC,
WELLER P, HEAF DP, WILLIAMS J.
Growth during one year of treatment
with ¯uticasone propionate or
cromolyn sodium in children with
asthma. Pediatr Pulmonol
1997;24:178±186.

146. KONIG P, FORD S, GALANT M, et al.
A 1 year comparison of the effects of
¯uticasone propionate and placebo on
growth in prepubescent children with
asthma. Eur Respir J 1996;9:294S.

147. WOLTHERS OD, PEDERSEN S. Growth of
asthmatic children during treatment
with budesonide: a double-blind trial.
BMJ 1991;303:163±165.

148. WOLTHERS OD, PEDERSEN S. Controlled
study of linear growth in asthmatic
children during treatment with inhaled
glucocorticosteroids. Pediatrics
1992;89:839±842.

149. WOLTHERS OD, PEDERSEN S. Short-term
growth during treatment with inhaled
¯uticasone propionate and
beclomethasone dipropionate. Arch
Dis Child 1993;68:673±676.

150. HEUCK C, WOLTHERS OD, HANSEN M,
KOLLERUP G. Short term growth and
collagen turnover in asthmatic
adolescents treated with the inhaled
corticosteroid budesonide. Steroids
1997;62:659±664.

151. WOLTHERS OD, HANSEN M, JUUL A,
NIELSEN HK, PEDERSEN S.
Knemometry, urine cortisol excretion
and measures of the insulin-like
growth factors axis and collagen
turnover in children treated with
inhaled glucocorticosteroids. Pediatr
Res 1997;41:44±50.

Passalacqua et al.

30



152. DOULL IJ, FREEZER NJ, HOLGATE ST.
Growth of prepubertal children with
mild asthma treated with inhaled
beclomethasone dipropionate. Am J
Respir Crit Care Med 1995;151:1715±
1719.

153. SIMONS FER. A comparison of
beclomethasone, salmeterol and
placebo in children with asthma.
N Engl J Med 1997;337:1659±1665.

154. ALLEN DB, MULLEN M, MULLEN B.
A meta-analysis of the effect of oral
and inhaled corticosteroids on growth.
J Allergy Clin Immunol 1994;93:967±
976.

155. Aerosol consensus statement. Chest
1991;100:1106.

156. WILLIAMSON I, MATUSIEWICZ S, BROWN

PH, GREENING AP, CROMPTON GK.
Frequency of voice problems and
cough in patients using aerosol
preparations. Eur Respir J 1995;8:590±
592.

157. TOOGOOD JH. Complications of topical
steroid therapy for asthma. Am Rev
Respir Dis 1990;141:589±595.

158. SHIM C, WILLIAMS MH. Cough and
wheezing from beclomethasone
aerosol. Chest 1987;91:207.

159. Executive Committee, American
Academy of Allergy and Immunology.
Inhaled corticosteroids and severe viral
infections. J Allergy Clin Immunol
1993;92:223.

160. TOOGOOD JA, JENNINGS B, GREENWAY T,
CHAUNG L. Candidiasis and dysphonia
complicating beclomethasone
treatment of asthma. J Allergy Clin
Immunol 1980;65:145±153.

161. CAYTON RM, SOUTAR CA, STANFORD

CF. Double-blind trial comparing two
dosage schedules of beclomethasone
dipropionate aerosol in the treatment
of chronic bronchial asthma. Lancet
1974;2:303.

162. BRUUN E, HANSEN IB. Beclomethasone
dipropionate aerosol (Becotide) in
severe bronchial asthma. Acta Allergol
1973;28:425.

163. VOGT F, CHERVINSKY P, DWEK J, GRIECO

M. Beclomethasone dipropionate
aerosol in the treatment of chronic
bronchial asthma. J Allergy Clin
Immunol 1979;26:592±600.

164. GERVAIS P, AVRAM A. Evolution of the
oropharyngeal fungous population
under the effect of beclomethasone
dipropionate treatments. Nouv Press
Med 1977;15:1329.

165. WANGAARD C, SPECTOR S. Oral
candidiasis in long term patients on
beclomethasone dipropionate. Ann
Allergy 1977;39:73±75.

166. HODSON ME, BATTEN JC, CLARKE SW,
GREGG I. Beclomethasone
dipropionate aerosol in asthma.
Transfer of steroid dependent
asthmatics from oral prednisone to
beclomethasone dipropionate aerosol.
Am Rev Respir Dis 1974;110:403±408.

167. BROWN HM, STOREY G.
Beclomethasone dipropionate steroid
aerosol in treatment of perennial
allergic asthma in children. BMJ
1973;3:161.

168. SHAW NJ, EDMUNDS AT. Inhaled
beclomethasone and oral candidiasis.
Arch Dis Child 1986;61:788±791.

169. GODFREY S, HAMBLETON G, KONIG P.
Steroid aerosols and candidiasis. BMJ
1974;2:387.

170. GWYNN CM, SMITH JM. A one-year
follow-up of children and adolescents
receiving regular beclomethasone
dipropionate. Clin Allergy 1974;4:325±
330.

171. SIEVERT W, HOLMES P, KING RWF.
Oesophageal candidiasis in patients on
high-dose inhaled steroids. Lancet
1992;339:1551.

172. WEBB DR, MULLARKEY MF, FREEMAN

MI. Flunisolide in chronic bronchial
asthma. Ann Allergy 1979;42:804±810.

173. SPANGLER DL, BLOOM FL, BRESTEL EP,
et al. A one-year trial of aerosolized
¯unisolide in severe steroid-dependent
asthmatics. Ann Allergy 1977;39:70.

174. TOOGOOD JH, JENNINGS B, BASKERVILLE

J, ANDERSSON J, JOHANSSON SA. Dosing
regimen of budesonide and occurrence
of oropharyngeal complications. Eur J
Respir Dis 1984;65:35±44.

175. SALZMAN GB, PYSZCZYNSKI DR.
Oropharyngeal candidiasis in patients
treated with beclomethasone
dipropionate delivered by metered
dose inhalers alone and with
aerochambers. J Allergy Clin Immunol
1988;81:424±428.

176. WILLIAMS AJ, BAGHAT MS,
STABLEFORTH DE, CLAYTON RM, SHENOI

PM, SKINNER C. Dysphonia caused by
inhaled steroids: recognition of a
characteristic laryngeal abnormality.
Thorax 1983;38:813±821.

177. WILLIAMS J, COOPER S, WAHEDNA I.
Inhaled corticosteroids, dysphonia and
treatment problems. Thorax
1991;46:769.

178. BRYANT DH, PEPYS J. Bronchial
reactions to aerosol inhalant vehicle.
BMJ 1976;1:1319.

179. CHARPIN D, OREHEK J. Reactions to
bronchoconstrictor drugs. Chest
1987;92:958.

180. GODIN J, MALO JL. Acute
bronchoconstriction caused by
Beclovent and not Vanceril. Clin
Allergy 1979;9:585±587.

181. CLARK RJ. Exacerbation of asthma
after nebulized beclomethasone
dipropionate. Lancet 1986;2:574.

182. CHARPIN D, BEAUPRE A, OREHEK J.
Deep-inspiration-induced
bronchoconstriction: a mechanism for
beclomethasone aerosol intolerance.
Eur J Respir Dis 1986;64:494.

183. MCGIVERN DV, MCFARLANE JT. Severe
bronchoconstriction after inhalation
of budesonide. BMJ 1984;288:447.

184. HOLMES P, COWEN P. Spongiotic
(eczematous-type) dermatitis after
inhaled budesonide. Aust N Z J Med
1992;22:511±515.

185. GARCIA-ABUJETA JL, FERNANDEZ L,
MAQUIERA E, RODRIGUEZ F, JEREZ J.
Contact allergy to budesonide in an
oral spray. Contact Dermatitis
1995;32:253.

186. JORRO G, ROCHINA A, MORALES C,
BURCHES E, PELAEZ A. Contact allergy
to topical budesonide in nasal spray.
Contact Dermatitis 1993;28:254.

187. SASTRE J, IBANEZ MD. Contact allergy
to budesonide contained in a nasal
spray. Allergy 1992;47:661.

188. FARIA A, MAROTE J, DE FREITAS C.
Contact allergy to budesonide in a
nasal spray. Contact Dermatitis
1992;27:57.

189. LAUERMA AL, KIISTALA R, MAÈ KINEN-
KILJUNEN S, HAAHTELA T, LAUERMA

AH. Allergic skin reaction after
inhalation of budesonide. Clin Allergy
1993;23:232±233.

190. MEYBON RKB. Budesonide and
psychic side effects. Ann Int Med
1988;109:683.

191. LEWIS LD, COCHRANE GM. Psychosis in
a child inhaling budesonide. Lancet
1983;2:634.

192. CONNETT G, LENNEY W. Inhaled
budesonide and behavioural
disturbances. Lancet 1991;338:634.

193. MITCHELL DM, COLLINS JV. Do
corticosteroids really alter mood?
Postgrad Med J 1984;60:467.

194. CUMMING RG, MITCHELL P, LEEDER SR.
Use of inhaled corticosteroids and the
risk of cataracts. N Engl J Med
1997;337:8±14.

195. SIMONS FER, PERSAUD MP, GILLESPIE

CA, CHEANG M, SHUCKETT EP. Absence
of posterior subcapsular cataracts in
young patients receiving inhaled
glucocorticoids. Lancet 1993;342:776±
778.

196. ABUEKTISH FJ, KIRKPATRICK N, RUSSEL

G. Posterior subcapsular cataracts and
inhaled corticosteroid therapy. Thorax
1995;50:674±676.

197. TOOGOOD JH, MARKOV AE,
BASKERVILLE J, DYSON C. Association
of ocular cataracts with inhaled and
oral steroid therapy during long-term
treatment of asthma. J Allergy Clin
Immunol 1993;91:571±579.

Safety of corticosteroids

31



198. GARBE E, LELORIER J, BOIVIN JF, SUISSA

S. Inhaled and nasal glucocorticoids
and the risks of ocular hypertension or
open-angle glaucoma. JAMA
1997;277:722±727.

199. DREYER EB. Inhaled steroid use and
glaucoma. BMJ 1993;328:1822.

200. NASSIF E, WEINBERGER M, SHERMAN B,
BROWN K. Extrapulmonary effects of
maintenance corticosteroid therapy
with alternate day prednisone and
inhaled beclomethasone in children.
J Allergy Clin Immunol 1987;80:518±
529.

201. CAPEWELL S, REYNOLDS S,
SHUTTLEWORTH D, EDWARDS C, FINLAY

AY. Purpura and dermal thinning
associated with high dose inhaled
corticosteroids. BMJ 1990;300:1548.

202. MAK VH, MELCHOR R, SPIRO SG. Easy
bruising as a side effect of inhaled
corticosteroids. Eur Respir J
1992;5:1068±1074.

203. STORMS W, THEEN C. Clinical adverse
effects of inhaled corticosteroids:
results of a questionnaire survey of
asthma specialists. Ann Allergy
Asthma Immunol 1998;80:391±394.

204. HIGH AS, MAIN DMG. Angina bullosa
haemorrhagica: a complication of
long-term steroid inhaler use. Br Dent
J 1988;165:176.

205. HIGGINS EM, DU VIVIER AWP. Angina
bullosa haemorrhagica: a possible
relation to steroid inhaler. Clin Exp
Dermatol 1991;16:244.

206. MONK B, CUNLIFFE WJ, LAYATON AM,
RHODES DJ. Acne induced by inhaled
corticosteroids. Clin Exp Dermatol
1993;18:148±150.

207. YERNAULT JC, LECLERCQ R, SCHANDER

N, VIRASORO A, DE COSTER A, COPINSKI

G. The endocrinometabolic effects of
beclomethasone dipropionate in
asthmatic patients. Chest 1977;71:698±
702.

208. EBDEN P, MCNALLY P, SAMANTA A,
FANCOURT GJ. The effects of high dose
inhaled beclomethasone dipropionate
on glucose and lipid pro®les in normal
and diet controlled diabetic subjects.
Respir Med 1989;83:289±291.

209. KIVIRANTA K, TURPEINEN M. Effects of
eight months of inhaled
beclomethasone dipropionate and
budesonide on carbohydrate
metabolism in adults with asthma.
Thorax 1993;48:974±978.

210. TURPEINEN M, SORVA R, JUNTUNEN-
BACKMAN K. Changes in carbohydrate
and lipid metabolism in children with
asthma inhaling budesonide. J Allergy
Clin Immunol 1991;88:384±389.

211. FAUCI AS, DALE DC, BALOW JE.
Glucocorticosteroid therapy:
mechanisms of actions and clinical
considerations. Ann Intern Med
1976;84:304±309.

212. BLAISS MS, HERROD HG, CRAWFORD

LV, LIEBERMAN PL. Beclomethasone
dipropionate aerosol: hematologic and
immunologic effects. Ann Allergy
1982;48:210±212.

213. EVANS PM, O'CONNOR BJ, FULLER RW,
BARNES PJ, CHUNG KF. Effects of
inhaled corticosteroids on peripheral
eosinophil counts and density pro®les
in asthma. J Allergy Clin Immunol
1993;91:643±650.

214. LEVY J, ZALKINDER I, KUPERMAN O, et al.
Effect of prolonged use of inhaled
steroids on the cellular immunity of
children with asthma. J Allergy Clin
Immunol 1995;95:806±810.

215. National Heart, Lung, and Blood
Institute. National Institutes of
Health. NIH Publication
No. 93±3279A, March 1993.
Management of asthma during
pregnancy. J Allergy Clin Immunol
1994;93:139±162.

216. STENIUS-AARNIALA B, PIIRILA P, TERAMO

KA. Asthma and pregnancy: a
prospective study of 198 pregnancies.
Thorax 1988;43:12±18.

217. GREENBERGER PA, PATTERSON R. The
outcome of pregnancy complicated by
severe asthma. Allergy Proc
1988;9:539±543.

218. PINSKY L, DI GEORGE AM. Cleft palate
in the mouse: a teratogenic index of
glucocorticoid potency. Science
1965;147:402±405.

219. WALKER BE. Induction of cleft palate
in rats with antiin¯ammatory drugs.
Teratology 1971;4:39±45.

220. FITZSIMONS R, GREENBERGER PA,
PATTERSON R. Outcome of pregnancy
in women requiring corticosteroids for
severe asthma. J Allergy Clin Immunol
1986;78:349±355.

221. GREENBERGER PA, PATTERSON R.
Beclomethasone dipropionate for
severe asthma during pregnancy. Ann
Intern Med 1983;98:478±480.

222. MABIE WC. Asthma in pregnancy. Clin
Obstet Gynecol 1996;39:56±69.

223. HORNBY PJ, ABRAHAMS TP. Pulmonary
pharmacology. Clin Obstet Gynecol
1996;39:17±35.

224. SPECTOR SL. The treatment of the
asthmatic mother during pregnancy
and lactation. Ann Allergy
1983;51:173±176.

225. DI MARCO AF. Asthma in the pregnant
patient: a review. Ann Allergy
1989;62:527±535.

226. SCHATZ M. Asthma during pregnancy:
interrelationships and management.
Ann Allergy 1992;68:123±128.

227. EDELMAN DA, vAN OS WAA. Safety of
intranasal beclomethasone
dipropionate: a review. Respir Care
1996;11:1025±1030.

228. BRONSKY EA, DOCKHORN RJ, MELTZER

EO, et al. Fluticasone propionate
aqueous nasal spray compared with
terfenadine tablets in the treatment of
seasonal allergic rhinitis. J Allergy Clin
Immunol 1996;97:915±921.

229. GULANT SP, AHRENS RC, DOCKHORN

RJ, et al. Treatment of seasonal
allergic rhinitis with once daily
intranasal ¯uticasone propionate
therapy in children. J Pediatr
1994;125:628±634.

230. FORESI A, PELUCCHI A, GHERSON G,
MASTROPASQUA B, CHIAPPARINO A, TESTI

R. Once daily intranasal ¯uticasone
propionate reduces nasal symptoms
and in¯ammation but also attenuates
the increase in bronchial
hyperresponsiveness during the pollen
season in allergic rhinitis. J Allergy
Clin Immunol 1996;98:274±282.

231. HOWLAND WC III. Fluticasone
propionate: topical or systemic effects.
Clin Exp Allergy 1996;26:18±22.

232. HOLM AF, FOKKENS WJ, GODTHELP T,
MULDER PG, VROOM TM, RIJNTJES E.
A 1-year placebo controlled study of
intranasal ¯uticasone propionate
aqueous nasal spray in patients with
perennial rhinitis: a safety and biopsy
study. Clin Otolaryngol 1998;23:69±
73.

233. SYNNERSTAD B, LINDQVIST N. A clinical
comparison of intranasal budesonide
with beclomethasone dipropionate for
perennial nonallergic rhinitis: a
12-month study. Br J Clin Pract
1996;50:363±366.

234. LINDQVIST N, BALLE VH, KARMA P, et al.
Long term safety and ef®cacy of
budesonide nasal aerosol in perennial
rhinitis. A 12 month multicentre study.
Allergy 1986;41:179±186.

235. PIPKORN U, PUKANDER J, SUONPAA J,
MAKINEN LINDQVIST N. Long-term
safety of budesonide nasal aerosol: a
5.5 year follow-up study. Clin Allergy
1988;18:253±259.

236. HOWLAND WC III, DOCKHORN R,
GILLMAN S, et al. A comparison of the
effects of triamcinolone acetonide
aqueous nasal spray, oral prednisone
and placebo on adrenocortical
function in male patients with allergic
rhinitis. J Allergy Clin Immunol
1996;98:32±38.

237. WELCH MJ, BRONSKY E, FINDLAY S,
et al. Long-term safety of
triamcinolone acetonide nasal aerosol
for the treatment of perennial allergic
rhinitis. Clin Ther 1994;16:253±262.

238. FEISS G, MORRIS R, ROM D, et al.
A comparative study of the effects of
intranasal triamcinolone acetonide
aerosol (ITAA) and prednisone on
adrenocortical function. J Allergy Clin
Immunol 1992;89:1151±1156.

Passalacqua et al.

32



239. TINKELMANN D, FALLIERS C, GROSS G,
et al. Multicenter evaluation of
triamcinolone acetonide nasal aerosol
in the treatment of adult patients with
seasonal allergic rhinitis. Ann Allergy
1990;64:234±240.

240. SPECTOR S, BRONSKI E, CHERVINSKY P,
et al. Multicenter, double blind
placebo controlled trial of
triamcinolone acetonide nasal aerosol
in the treatment of perennial allergic
rhinitis. Ann Allergy 1990;64:300±305.

241. WILSON AM, SIMS EJ, MCFARLANE MC,
LIPWORTH BJ. Effects of intranasal
corticosteroids on adrenal, bone and
blood markers of systemic activity in
allergic rhinitis. J Allergy Clin
Immunol 1998;102:598±604.

242. WIHL J-AÊ , ANDERSSON K-E, JOHANSSON

S-AÊ . Systemic effects of two nasally
administered glucocorticosteroids.
Allergy 1997;52:620±626.

243. WILSON AM, MCFARLANE LC,
LIPWORTH BJ. Effects of repeated once
daily dosing of three intranasal
corticosteroids on basal and dynamic
measures of hypothalamic-pituitary-
adrenal axis activity. J Allergy Clin
Immunol 1998;101:470±474.

244. RACHELEFSKY GS, CHERVINSKY P,
MELTZER EO, et al. An evaluation of
the effects of beclomethasone
dipropionate aqueous nasal spray
(Vancenase AQ) on long-term growth
in children. J Allergy Clin Immunol
1998;101:A979.

245. WOLTHERS OD, PEDERSEN S.
Knemometric assessment of systemic
activity of once daily intranasal dry-
powder budesonide in children.
Allergy 1994;49:96±99.

246. WOLTHERS OD, PEDERSEN S. Short term
growth in children with allergic rhinitis
treated with oral antihistamine,
intranasal and depot corticosteroids.
Acta Pediatr 1993;82:635±640.

247. DAVIES RJ, NELSON HS. Once daily
mometasone furoate nasal spray:
ef®cacy and safety of a new intranasal
glucocorticoid for allergic rhinitis. Clin
Ther 1997;19:27±38.

248. BRANNAN MD, SEIBERLING M, CUTLER

DL, et al. Lack of systemic activity
with intranasal mometasone furoate.
J Allergy Clin Immunol 1996;97:198.

249. BRANNAN MD, HERRON JM,
REIDENBERG P, AFFRIME MB. Lack of
HPA suppression following 36 days of
intranasal mometasone furoate. Ann
Allergy Asthma Immunol 1997;78:154.

250. BRANNAN MD, HERRON JM, AFFRIME

MB. Safety and tolerability of once
daily mometasone furoate aqueous
nasal spray in children. Clin Ther
1997;19:1330±1339.

251. PHELAN MC. Beclomethasone mania.
Br J Psychiatry 1989;155:871.

252. SETTIPANE G, KORENBLAT PE, WINDER J,
et al. Triamcinolone acetonide
aqueous nasal spray in patients with
seasonal ragweed allergic rhinitis: a
placebo-controlled, double-blind
study. Clin Ther 1995;2:252±263.

253. STORMS W, BRONSKY E, FINDLAY S, et al.
Once daily triamcinolone acetonide
nasal spray is effective for the
treatment of perennial allergic rhinitis.
Ann Allergy 1991;66:329±457.

254. MINSHALL E, GHAFFAR O, O'BRIEN F, et
al. Assessment by nasal biopsy of long-
term use of mometasone furoate
aqueous nasal spray (Nasonex) in the
treatment of perennial rhinitis.
Otolaryngol Head Neck Surg
1998;118:648±654.

255. MELTZER EO, YALOWAYSKI AA, ORGEL

HA, HARRIS AG. Subjective and
objective assessments in patients with
seasonal allergic rhinitis: effects of
therapy with mometasone furoate
nasal spray. J Allergy Clin Immunol
1998;102:339±349.

256. BANOV CH, WOEHLER TR, LAFORCE

CF, et al. Once daily intranasal
¯uticasone propionate is effective for
perennial allergic rhinitis. Ann Allergy
1994;73:240±246.

257. GROSSMAN J, BANOV C, BRONSKI EA,
et al. Fluticasone propionate aqueous
nasal spray is safe and effective for
children with seasonal allergic rhinitis.
Pediatrics 1993;92:594±599.

258. MUNK ZM, LAFORCE C, FURST JA,
SIMPSON B, FEISS G, SMITH JA. Ef®cacy
and safety of triamcinolone acetonide
aqueous nasal spray in patients with
seasonal allergic rhinitis. Ann Allergy
Asthma Immunol 1996;77:277±281.

259. WEINER JM, ABRAMSON MJ, PUY RM.
Intranasal corticosteroids versus oral
H1 receptor antagonists in allergic
rhinitis: systematic review of
randomized controlled trials. BMJ
1998;317:1624±1629.

260. MCGOWAN C, NEVILLE RG, THOMAS

GE, et al. Effect of asthma and its
treatment on growth: four year follow
up of cohort of children from general
practices in Tayside, Scotland. BMJ
1998;316:668±672.

261. Inhaled corticosteroids pediatric
growth suppression class label
endorsed. Pink Sheet 1998;5.

262. Inhaled corticosteroids ± the FDA
takes another look. Ann Allergy
Asthma Immunol 1998;81:406±410.

263. MCA/CSM. The safety of inhaled and
nasal corticosteroids. Curr Prob
Pharmacovig 1998;15:8±10.

Safety of corticosteroids

33


