
Inhaled corticosteroid (ICS) therapy carries less risk of compli-
cating drug- or disease-related morbidity and mortality than
that associated with other antiasthmatic drugs such as pred-
nisone, theophylline, or β2-agonist bronchodilators. Serious side
effects are uncommon, but the risk increases with the daily dose.
The degree of risk is most effectively minimized by ensuring
each patient uses the smallest daily dose sufficient to maintain
optimum control of their disease. Any patient in whom ocular
symptoms develop while receiving ICS therapy should promptly
be evaluated by an eye specialist. Growth velocity is commonly
reduced during ICS therapy and should be monitored routinely.
Bone metabolism may be affected by low or medium doses of
ICS, but there is no evidence such doses cause osteoporosis or
fracture. High-dose therapy may reduce bone density and
increase the risk of fracture, particularly if other risk factors for
osteoporosis are present. Research is needed to better define the
impact of ICS therapy in children on height and peak bone den-
sity attained at maturity. Also, there is a need for practice guide-
lines specifically applicable to the prevention of bone loss during
ICS treatment. (J Allergy Clin Immunol 1998;102:705-13.)
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The clinical indications for inhaled corticosteroid (ICS)
therapy of asthma have broadened considerably over the
past 20 years, and the advent of more potent drugs, more
concentrated formulations, and more efficient delivery
systems has greatly expanded its therapeutic potential.
These changes also increase the likelihood of side effects,
and this is a concern to parents, patients, and physicians.
Some of these concerns are reviewed below; more com-
prehensive reviews have been published elsewhere.1,2

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

EFFECTS

Measurement

The impact of the systemically absorbed bioactive
fraction of ICS on endogenous cortisol production may
be assessed by a relatively insensitive test, such as the
basal morning serum cortisol level, or by more sensitive
tests, such as the 24-hour or overnight urinary free corti-
sol output, the 24-hour area under the curve of plasma
cortisol, or the response to stimulating agents such as
adrenocorticotrophic hormone. The sensitivity of the lat-
ter test is further increased if a low dose (0.5 µg) is used.

Sensitive tests of hypothalamic-pituitary-adrenal (HPA)
axis function have very limited efficiency for screening
clinic populations to identify particular patients who may
be at risk because abnormal values may be found in a
majority of treated patients (Table I). Yet historically the
incidence of complicating acute adrenocortical insufficien-
cy has been extremely low.1 In these circumstances higher
predictive accuracy is attainable if a less sensitive diagnos-
tic test is used in preference to a more sensitive test.

On the other hand, sensitive tests are preferred for
studies that aim to accurately quantify and compare the
pharmacodynamic activities of different ICS formula-
tions for clinical research or regulatory purposes.

Clinical effects

Anecdotal reports have been published of clinical
hypercortisonism and/or a significant drop in cortisol pro-
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duction complicating the clinical use of low-dose
beclomethasone dipropionate (BDP), triamcinolone ace-
tonide (TA), budesonide (BUD), or fluticasone propionate
(FP)3-6 or high-dose BDP,7-9 FP,10 or TA, with the latter
given at a dose of 3.0 to 9.0 mg/day by means of a nebu-
lizer along with oral prednisone (see Appendix for descrip-
tion of the dose nomenclature used in this review.).11

Accompanying adrenal atrophy or acute adrenocortical
insufficiency has been documented in a few cases,11-13

including one child ostensibly receiving a total nominal
dose of 0.5 mg/day BUD for combined rhinitis and asthma
treatment.5 It is not clear whether such individuals metab-
olize glucocorticoids more slowly than normal, whether
they use more than the prescribed dose, or perhaps both.

The cumulative dose of ICS may be an important
determinant of its systemic effect on the HPA axis.7,14

Although the evidence for this is limited, we observed,
among a group of BUD-treated patients undergoing a
systematic surveillance of the drug’s long-term safety, a
few individuals who tolerated high daily dosage for sev-
eral years without adverse systemic effect but eventually
dropped their morning cortisol significantly after the
cumulative dose of BUD reached 1 g. One of these indi-
viduals experienced an episode of Addisonian crisis trig-
gered by an acute enteric viral infection. These patients
inhaled BUD (≥1.6 mg/day) by means of a spacer, and
most required intermittent high-dose or alternate-morn-
ing low-dose prednisone as well.15

Preventative action

Judged by the paucity of reported cases, stress-induced
Addisonian crisis complicating ICS treatment appears to
be rare. However, the fact that some patients may exhibit
suppression of HPA axis function with low daily doses of
ICS provides a clinical rationale for routinely administer-
ing a preventative glucocorticoid supplement to any
patient receiving this treatment if they experience major
trauma, surgery, or a severe prostrating illness.

It is more expeditious and less expensive to provide
such prophylaxis routinely to all patients taking an ICS
than to perform preliminary tests of HPA axis function in

an attempt to determine which patients are at risk for
stress-induced Addisonian crisis. Others recommend such
prophylaxis be restricted to patients who use high doses
of BUD, BDP, or FP; those who use medium doses of TA;
or those who have clinical features of hypercortisonism.
Lower threshold doses are recommended for children.14

There is no approved monitoring procedure to detect
which ICS-treated patient may be at risk. It has been my
practice to check the morning serum cortisol level once
or twice a year in patients who require a dose of BDP or
BUD of 1.6 mg/day or greater, especially if they require
daily, alternate-day, or intermittent prednisone as well.
However, the ideal monitoring technique for these cir-
cumstances remains controversial.

OCULAR COMPLICATIONS

Cataract

The pathogenesis of steroid-induced cataract may
involve multiple mechanisms, including the formation of
covalent adducts of the steroid molecule with the lysine
residues of lens proteins.16,17 The posterior subcapsular
cataracts that result may partially or completely resolve
after withdrawal of the drug, or they may progress
despite withdrawal. Resolution of the cataract is consis-
tent with the dynamic nature of these lesions.16

Most of the data relevant to this risk relate to BDP or
BUD.18-20 A large population-based survey found strong
evidence that exposure to these drugs increased the preva-
lence of posterior subcapsular cataract about 2-fold, and the
degree of risk was clearly related to both the current and
cumulative lifetime dosages.18 Evidence for a relationship
to nuclear cataracts was suggestive but less strong.

On the other hand, cross-sectional surveys in asthmat-
ic adults and children treated for long periods with rela-
tively high doses of ICS indicate the risk of cataract is
much less than with prednisone.19,20 Cataracts have been
observed to resolve after converting from oral prednisone
to low-dose BDP.21

Opinions vary as to the advisability of routine oph-
thalmologic surveillance for cataract in patients treated
with ICS. Cost-utility data are lacking. Ultimately, the
mortality and morbidity risks associated with asthma
take precedence over the risk of ocular complications.
Where cataract does occur, it is correctable by surgery
and there is no evidence that the efficacy of such surgery
is dependent on or improved by early diagnosis.22

Glaucoma

Anecdotal reports indicate that primary open-angle
glaucoma may be exacerbated by antiasthmatic ICS,
even at low dosage.23 A large case-control survey found
the risk increased significantly with high doses of BDP
or BUD (above 1.5 mg/day; odds ratio: 1.44).24 It did not
increase with treatment duration or concomitant
intranasal steroid use.

It is not known how the magnitude of this risk relates
to the choice of drug, the inhalation procedure or deliv-
ery device used (eg, the open-mouth versus closed-mouth
techniques with the pressurized metered dose inhaler),

TABLE I. Percent of group with subnormal values during
a graded-dose BUD trial (n = 58)

Response index for
Daily dose (mg)

systemic ICS effect 0* 0.4 0.8 1.6 2.4

8 AM serum cortisol 12* 14 19 19 24
<210 nmol/L 
(<7.6 µg/dL)

Urinary free cortisol 46* 57 73 80 80
<40 nmol/24 h
(<1.45 µg/24 h)

All patients took each dose for 14 days in the left to right sequence shown.
Data from J Allergy Clin Immunol 1995;96:157-66.
*Subnormal values at baseline reflect carryover of the effects of the high-
dose BUD or BDP (1.1 ± 0.4 mg/day) used by these patients with moderate-
to-severe asthma before entering the study.
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individual patient susceptibility, or to interactions among
these factors. Nebulized β-agonist and anticholinergic
bronchodilators are known to increase intraocular pres-
sure if deposited in the eye and topically absorbed.25 This
mechanism might apply in the case of ICS as well.22

Management

In patients who have a personal or family history of
glaucoma, it is prudent to measure intraocular pressure
before or within a few days of commencing regular
ICS therapy and then to monitor the pressure periodi-
cally. If the pressure rises, prompt treatment for glau-
coma is indicated to avoid permanent impairment of
vision.

Any patient in whom ocular symptoms develop
while receiving ICS therapy should be evaluated
promptly by an eye specialist.

GROWTH

Pathogenesis

Treatment with low-dose prednisolone or high-dose
BUD (0.8 mg/day) suppresses the turnover of Type I col-
lagen (localized mainly to bone) and Type III collagen
(generally distributed throughout the body), and these
changes are associated with growth inhibition.26,27 BUD
does not affect growth hormone secretion28 or production
of the insulin-like growth factor 1 or its major binding
protein.26,27 Presumably these findings apply to the other
ICS drugs as well, but data are lacking.

Clinical effects

Stunting has been observed in a few children treated
with low- or high-dose BDP or BUD6,29,30 or medium- or
high-dose FP.3,10 Controlled trials, using stadiometry or
knemometry, document statistically significant reductions
in growth rate in children treated with BUD greater than
0.4 mg/day31 or BDP 0.4 mg/day or greater32,33 but not
with FP less than or equal to 0.2 mg/day.34 In the latter
study the possibility of a small drug effect on growth could
not be definitely excluded. However, other studies that
used the same dose of FP found no reduction in growth
rate relative to control subjects treated with placebo35 or
cromolyn.36 Furthermore, children whose growth rate had
been observed to decline during treatment with BDP or
BUD (0.2 to 0.4 mg/day) increased their growth rate after
switching to a lower and equally effective antiasthmatic
dose of FP (0.1 to 0.2 mg/day).37

In a study of asthmatic children (mean age, 4.4 years;
range, 1 to 11 years) who grew normally before ICS
treatment, growth retardation began soon after they com-
menced receiving BDP or BUD (0.14 to 2.0 mg/day).38

This was evident with low and high doses, and between-
subject differences in susceptibility were prominent. This
emphasizes the importance of monitoring growth rou-
tinely, regardless of daily dosage.

Dynamics and outcome

In children treated with 0.4 mg/day BDP, growth rate
fell by 50% on average during the first 6 weeks of treat-

ment. Thereafter their growth rate paralleled that of
untreated control subjects.32,39 A compensatory period of
“catch-up” growth did not occur during the 4 months after
completing the BDP treatment.

However, such growth suppression may be offset even-
tually as evidenced by the only study that has prospec-
tively followed BDP-treated asthmatic children through
to adulthood; these children attained their predicted
height.40 Additionally, analyses of a large, population-
based cohort found that asthmatic children treated with
ICS or oral steroid (OS) reached normal adult height.41 A
limitation of these studies is that the exposure to ICS
might have been different from that which applies cur-
rently. Larger doses, more potent drugs, more efficient
drug delivery systems, and possibly the currently recom-
mended use of repetitive bursts of high-dose ICS to treat
asthma exacerbations might increase the degree of risk.

Thus it remains uncertain whether the reduction in
growth velocity induced by ICS therapy may adversely
affect the height attained in adulthood. Such studies are
needed.

BONE

Historically, osteoporosis and fracture have constitut-
ed the most common major complications of regular oral
or parenteral steroid therapy for asthma. Therefore the
possible effects of ICS on bone are of particular concern.

Most of the relevant literature relates to BUD, BDP,
and to a lesser extent FP. Similar data are not available
for flunisolide or TA.

Bone turnover in adults

Bone formation may be inhibited and resorption
increased by OS42-45 or ICS42-50 treatment. In general
ICS drugs affect bone turnover less than therapeutically
equivalent doses of OS as judged by graded-dose com-
parisons between BUD and prednisone.42,43

At milligram equivalent or therapeutically equivalent
doses, respectively, BUD50,51 and FP52 affect bone metab-
olism less than BDP.

A reduction in bone resorption may accompany the
primary reduction in bone formation induced by steroid
treatment. This has been observed with low- or high-dose
ICS and with low-dose OS therapy.42,44,46 This downreg-
ulation of bone resorption acts to conserve the normal
“coupling” between bone formation and resorption and
thus diminish the likelihood of an adverse effect of the
treatment on bone density.

Bone density

Measurements of bone mineral density (BMD) pro-
vide the preferred basis for estimating the risk of frac-
ture. A number of cross-sectional surveys have docu-
mented reduced bone mass in asthmatic adults receiving
ICS therapy.53-55 It is difficult to be sure of the causal
role of the ICS in these studies because of uncertainties
about confounding by past or current OS therapy or
coexisting nonsteroidal risk factors for osteoporosis or
inadequate matching for age and sex. However, several
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cross-sectional surveys designed specifically to avoid or
control for such potentially confounding factors found
high-dose BDP or BUD therapy to be associated with
bone depletion.56,57

In one of the latter studies, BMD declined by 0.5 stan-
dard deviations on average for each 1.0 mg increment in
the daily dose of BDP or BUD (inhaled by means of a
spacer) across an exceptionally broad range of dosage (0
to 3.2 mg/day; P = .013, ANCOVA).57 The reduction in
BMD was too small and variable to be statistically signif-
icant at doses lower than 1.0 mg/day but became signifi-
cant as the dose increased above 1.0 mg (Fig 1). The post-
menopausal women in the group, all of whom had
received estrogen replacement therapy, conserved more
normal BMD than the men when the sexes were compared
at equivalent levels of exposure to ICS and OS.57,58

In addition to these cross-sectional surveys, a 2-year
prospective study compared the effects on BMD of low to
medium doses of BDP (0.63 ± 0.25 mg/day) with pred-
nisone alone (12.0 ± 5.0 mg/day) in matched groups of
asthmatic adults. In the regular prednisone group BMD
declined about 8 times faster than normal, whereas in the
BDP-treated group bone density declined normally.59

Another 2-year prospective study that compared asth-
matic adults with healthy control subjects matched for age
and sex found that BMD was not reduced by BUD or BDP
(mean dose, 0.66 mg/day; range, 0.3 to 1.0 mg/day for an
average of 10.6 years). Nor did these treatments accelerate
the normal annual decline in bone density.60 This applied
also to the subset of postmenopausal women in the group,
none of whom had received supplemental estrogen.60

Thus these prospective controlled studies establish that
the effects that low or intermediate doses of BUD or BDP
may manifest on bone metabolism are not, on average,
indicative of significant bone depletion. However, no

prospective studies of bone mass have yet been reported
in the patients most likely to be at risk (ie, the important
minority who require ICS doses exceeding 1.0 mg/day).

Therefore there is a need for controlled prospective
studies of bone density in patients who have a clinical
need for high-dose therapy. Until such data become
available, it is prudent to assume, on the basis of the sig-
nificant associations identified in the above-mentioned
cross-sectional studies, that bone may be depleted by
nominal doses of BUD or BDP in excess of 1.0 mg/day
or, presumably, by dose equivalents of the other ICS.
This is especially true if the drug is inhaled by means of
an efficient spacer or dry powder device known to
increase intrapulmonary drug delivery.

Fracture

No increase in the overall incidence of fracture has yet
been reported in association with ICS therapy for asthma.
One cross-sectional radiographic survey found vertebral
fractures in 56% of a nonrandomly selected group of 25
asthmatic adults receiving regular prednisone (11.3 ± 4.4
mg/day). Significantly fewer fractures were found (8%,
P = .02) in a matched group treated with BDP (0.58 ± 0.2
mg/day).61 Half the latter group received periodic short
courses of prednisone as well.

Only 2 case reports of fracture complicating ICS ther-
apy for asthma have been published to date.9,62 These
involved the administration of high-dose BDP (1.5 to 3.7
mg/day) for 2 or more years to adult male patients in
whom the presence of major nonsteroidal risk factors for
osteoporosis suggests that undiagnosed osteoporosis
unrelated to steroid therapy might have been present at
the time the ICS was started. The ICS therapy may have
augmented the risk of fracture in these patients (see Table
II for list of osteoporosis risk factors).

FIG 1. Regression of the lumbar spine BMD Z-score (LBMD-Z) on the daily dose of inhaled steroid. The values
shown are adjusted to control for the effects of age, sex, years of estrogen use, physical activity, current daily
dose of prednisone, years of prednisone use, and cumulative lifetime dose of inhaled steroid. The lumbar
spine BMD Z-score declined significantly on the daily dose of inhaled steroid (P = .013, ANCOVA).57



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 5

Toogood 709

Bone turnover in children

Short-term treatment with 0.2 to 0.8 mg BUD per day
does not affect metabolic markers of bone formation or
resorption.44 However, longer treatment at similar
dosages was associated with significant reductions in the
metabolic processes of bone formation as evidenced by
changes in osteocalcin and the carboxypropeptide of
Type I procollagen.47

With respect to bone resorption, no increase in the uri-
nary output of hydroxyproline or deoxypyridinoline has
been observed with BUD doses up to 0.8 mg per day.44

On the contrary, bone resorption was reduced in children
receiving intermediate doses of BDP as evidenced by the
serum level of tartrate-resistant acid phosphatase.63

BUD or BDP at a dosage of 0.8 mg/day,64 or at
dosages of 0.4 and 0.8 mg/m2/day,65 did not perturb the
normal “coupling” between bone formation and resorp-
tion, although they did inhibit bone formation. This
would imply no increase in osteoporosis or the risk of
fracture in these children, at least in the short term.

No data are available for children treated with high-
er doses of ICS, presumably because such doses are
rarely used.

Bone density

A cross-sectional survey of children treated with an
intermediate dose of BDP for an average of 2 to 3 years
found no reduction in BMD.63 These patients were com-
pared with asthmatic children not receiving ICS and also
with healthy control subjects. Another cross-sectional
pediatric study66 found the BMD of 30 children receiv-
ing BDP at a dose averaging about 0.6 mg per day did not
differ significantly from that of normal control subjects.
Additionally, no correlations were found in these patients
between BMD and the daily or lifetime cumulative dose
of inhaled steroid. On the other hand, a recent cross-sec-
tional survey found significantly lower total body BMD
values in 40 asthmatic children treated with medium to
high doses of BUD or BDP for 3 to 8 years in compari-
son with healthy control subjects.67 Whether the differ-
ence was drug or disease related is unclear.

The largest cross-sectional survey of BMD reported to
date compared 157 BUD-treated asthmatic children with
111 age-matched asthmatic control subjects. Three to 6
years of BUD at an average dosage of 0.5 mg/day (range,
0.19 to 1.3 mg/day) did not affect BMD, mineral capacity,
or total bone calcium adversely.68 None of these parame-
ters correlated significantly with the current daily dose or
accumulated lifetime dose or duration of BUD treatment.68

A prospective study of asthmatic children treated for
at least 6 months with BDP (0.3 to 0.4 mg/day) found
the mean bone density did not differ from that of age-
and sex-matched asthmatic control subjects not treated
with ICS.69 However, the expected maturational
increase in bone mass during a further 6-month treat-
ment period was about 40% less in the BDP-treated
patients than in the control subjects not receiving BDP.
The clinical implications of this observation remain to
be determined by longer follow-up.

Long-term outcome

Longitudinal prospective studies are needed to deter-
mine the effect of ICS treatment on the peak bone mass
attained at maturity. Because such data are lacking, it is not
yet known how the early introduction of ICS therapy in
children with mild asthma may affect their risk of osteo-
porosis in later years. Early introduction of ICS might con-
ceivably reduce their future requirements for high-dose
ICS, OS or both and thus reduce the risk of osteoporosis.
On the other hand, if it should lead to a reduction in the
peak bone mass attained during youth, this may be expect-
ed to increase the risk of osteoporosis later in life.

Fracture

To date, there are no published surveys of fracture
incidence or individual case reports of fracture compli-
cating ICS therapy in asthmatic children.

Prevention

There are no approved guidelines for preventing bone
loss as it may relate particularly to ICS. The views sum-
marized below are essentially empiric and they pertain to
adults. There is a need for more formal guidelines that
reflect the combined expertise of specialists in metabolic
bone disease and asthma and are supported by prospec-
tive clinical studies that include cost-benefit assessments.

Currently available data indicate that all postmenopausal
women starting ICS therapy should be offered estrogen
replacement therapy because this may correct or prevent
both steroid-induced and involutional osteoporosis.57,70,71

If an asthmatic patient with coexisting risk factors for
osteoporosis as listed in Table II commences regular
BDP, BUD, or FP therapy at a dose of greater than 1.0
mg/day (Higher threshold doses may apply for TA and
flunisolide, but comparative systemic toxicity data are
lacking.) it is prudent to prescribe an oral calcium sup-
plement, obtain a baseline measurement of bone density
by dual energy x-ray absorptiometry (DXA) as soon as
convenient, and to recheck DXA after 1 year of treat-
ment. Depending on the results of these tests, additional
preventative or corrective antiosteoporosis therapy may
be indicated. Supplemental calcium, estrogen, and/or
bisphosphonate treatment are each known to be effec-
tive.72-76 The feasibility of reducing the ICS daily dose
should also be explored.

TABLE II. Clinical risk factors for osteoporosis

• Age greater than 60 years
• Postmenopausal state without estrogen replacement
• Male impotence or infertility
• Previous fractures with minor trauma
• Parental history of fractures
• Past or current chronic glucocorticoid therapy
• Smoking
• Alcoholism
• Physical inactivity

Prepared from data from Arthritis Rheum 1996;39:1791-801.
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Patients whose maintenance dosage of ICS is known or
appears likely to be 1 mg/day or less appear to be at little
risk for osteoporosis. Therefore it is normally not neces-
sary to measure bone density in such patients unless coex-
isting risk factors for osteoporosis are present.

However, if the patient or family express major con-
cerns about the risk of osteoporosis, DXA may be clini-
cally indicated to confirm the patient’s low-risk status
and facilitate adherence to the proposed long-term treat-
ment plan. A systematic approach to the diagnosis and
treatment of osteoporosis is summarized in several pub-
lished algorithms.72,77

INFECTIONS

Immunologic effects

Prednisone 40 mg/day suppresses the plasma levels of
IgG1, IgG2, and IgG3 subclasses.78 At 10 mg/day it sup-
presses IgG3 only.78 Unlike prednisone, exceptionally
high doses of BUD (2.4 or 3.2 mg/day) administered by
means of a high-efficiency spacer do not cause humoral
immunosuppression.78,79 Similar data are not available
for the other ICS.

Clinical effects

Increases in bacterial, viral, or fungal lung infections
have not been a problem in patients treated with ICS in
North America or Europe. A few cases of complicating pul-
monary tuberculosis have been reported from India.80 Pru-
dence dictates that ICS be avoided or used with great cau-
tion in asthmatic patients who are immunosuppressed, who
have coexisting drug-resistant or atypical tuberculosis, or
who have structural lung lesions that may harbor a myce-
toma. In the latter case, the risk of local immunosuppres-
sion leading to proliferation of locally resident pathogens
and to locally invasive or disseminated disease is a concern,
especially if ICS and OS are used conjointly.81

Although severe varicella has complicated the use of
intranasal BDP for chronic sinusitis during the incuba-
tion phase of the disease,82 the clinical course of varicel-
la is not unduly severe or prolonged in asthmatic patients
treated with ICS.83

Nevertheless, because a fraction of each dose of the
inhaled drug is systemically bioavailable, because
patients vary widely in their susceptibility to the systemic
activities of glucocorticoids, and because it is not known
how the choice of drug, route of administration, daily
dose, or duration of ICS treatment may affect the risk of
these complications developing, physicians are cautioned
to take appropriate preventative action in any patient who
may be exposed to these infections while receiving
steroid therapy.84,85 Depending on the circumstances,
this may include the use of varicella-zoster immune glob-
ulin, pooled gamma globulin, and/or temporary with-
drawal from the oral and/or inhaled steroid.84,85

LOCAL EFFECTS IN THE OROPHARYNX

Clinical effects

Dysphonia and candidiasis complicating ICS therapy
are both significantly influenced by the daily dose of

ICS.1 Otherwise, their pathogenetic determinants are
quite dissimilar.1 Because the dysphonia is not caused by
laryngeal candidiasis, it does not need, nor will it
respond to, treatment with antifungal agents. Twice daily
dosing significantly reduces the incidence of thrush in
comparison with 4-times daily dosing.86 In general these
complications are easily avoided and easily treated in
most cases. The risk of thrush or dysphonia appears neg-
ligible with twice daily BUD administered by means of
the dry powder Turbuhaler, even at high dosage.87

SKIN

Pathogenesis

In vitro studies show skin fibroblasts to be about 100-
fold more sensitive to the effects of BUD or BDP than
fibroblasts from the human lung.88 As little as six weeks’
treatment with BUD (0.4 to 1.6 mg/d) can markedly
reduce the synthesis of Types I and III collagen, the main
collagens in skin.89

Clinical effects

Skin atrophy has been documented in patients receiv-
ing BDP or BUD (1.0 to 2.2 mg/day)91 but not in patients
treated with doses less than 1.0 mg/day.90 Over time, the
skin atrophy may lead to clinically apparent ecchymoses
(“steroid purpura”), lacerations caused by trivial trauma,
and slow wound healing. Age and female sex increase the
risk.90,91 In a study of patients using BDP or BUD (0.8 to
2.0 mg/day), two thirds of whom were women, close to
50% of the group showed bruising on inspection, and this
correlated with the degree of reduction in their HPA axis
function.90 Steroid purpura may also correlate signifi-
cantly with losses in bone density.57

DETERMINANTS OF SYSTEMIC TOXICITY

Drug delivery

All of the antiasthmatic effect and most of the sys-
temic activity of ICS reflects the fraction of each dose
delivered to the lung. Therefore increases (or decreases)
in the “respirable fraction” of drug and/or the efficiency
of the delivery system inevitably increase (or decrease)
both the antiasthmatic and systemic effects of the drug in
tandem. Similarly, changes in the oropharyngeal deposi-
tion of ICS influence the incidence and severity of
oropharyngeal complications.

Rinsing the mouth and expectorating can reduce the
gastrointestinal contribution to the overall systemic avail-
ability of ICS by up to 15%. This is potentially useful in
the case of BDP but of little or no practical importance
with more rapidly metabolized ICS such as BUD or FP.

The major influence that different delivery systems
may exert on the intrapulmonary and oral delivery of ICS
has been extensively reviewed elsewhere.2,92 In addition,
the patient’s inhalation technique may affect the intrapul-
monary delivery and systemic availability of ICS by a
factor of 2 or more. The anticipated changeover from
chlorofluorocarbon to hydrofluorokane propellants will
require patients using the BDP pressurized aerosol to
reduce their daily dose by about 50% to 60% because the
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physical properties of the hydrofluorokane aerosol
increase the fraction of each dose that is delivered to the
lung and therefore systemically available.

Daily dose

The dose dependency of the important side effect of
ICS therapy on bone is illustrated in Fig 1. These data pro-
vide a basis for designating 1 mg/day as a threshold dose
demarcating “safe” from “risk-prone” doses of BUD
(inhaled by means of a Nebuhaler spacer). This may be
assumed to apply to the Turbuhaler dry powder device as
well because a comparative study found the performance
characteristics of the Turbuhaler to be essentially equiva-
lent in adults to those of the Nebuhaler spacer.87 In chil-
dren the Turbuhaler may be more efficient than the spac-
er.93 Similar threshold doses for FP are less well defined
for other ICS but are assumed to be lower and higher for
fluticasone and TA. Lower threshold doses are generally
recommended for children.94

Adjunct drugs

In patients who have severe asthma requiring high-
dose ICS, cotreatment with a “steroid-sparing” adjunct
along with low- or medium-dose ICS can provide an effi-
cacious alternative.95-97
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APPENDIX.

Comments on dose and dose categories

All doses cited in this review are expressed in terms of
the “nominal” dosage. This signifies the amount of drug
emitted from the dry powder inhaler or valve of the pres-
surized metered dose inhaler with each activation. It is
not adjusted for losses that may occur within the delivery
device or add-on spacer, if attached. The marginal doses
used in this review to designate “low,” “medium,” and
“high” dose categories in the text reflect current US use94

and may not correspond with those adopted in some
other jurisdictions.
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