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Objective: Inhaled corticosteroids (ICSs) are the most effec-
tive medications available for patients with persistent asth-
ma of all severities and currently are recommended as the
preferred asthma controller therapy by the National Heart,
Lung and Blood Institute. Nevertheless, lingering concerns
about potential adverse systemic effects of ICSs contribute
to their underuse. This review discusses the safety of ICSs with
respect to potential systemic effects of most concern to
physicians and patients.

Methods: Articles reporting on the safety of ICSs in children
and adults with persistent asthma were identified from the
Medline database from January 1966 through December
2003, reference lists of review articles and international respi-
ratory meetings.

Results: Ocular effects of ICSs and ICS effects on bone mineral
density and adrenal function are minimal in patients main-
tained on recommended ICS doses. One-year growth studies
in children have shown decreased growth velocity with ICSs,
but long-term studies with inhaled budesonide and
beclomethasone show no effect on final adult height, sug-
gesting that these effects are transient. in addition, extensive
data from the Swedish Medical Birth Registry show no
increased risk of adverse perinatal outcomes when inhaled
budesonide is administered to pregnant women with asthma.

Conclusions: ICSs have minimal systemic effects in most
patients when taken at recommended doses. The benefits
of ICS therapy clearly outweigh the risks of uncontrolled
asthma, and ICSs should be prescribed routinely as first-line
therapy for children and adults with persistent disease.
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OBJECTIVES

After reading this article, “Safety of Inhaled Cor-
ticosteroids in the Treatment of Persistent Asthma,”
the learner should be able to better understand the
minimal risk of adverse systemic effects associated
with inhaled corticosteroid therapy for patients with
persistent asthma. Readers also should be able to
recognize that the benefits of this preferred therapy
clearly outweigh these risks. Finally, the learner
should be able to complete the quiz and evaluation
questions listed at the end of this article.

EXPIRATION

The quiz must be completed, postmarked and
mailed, scanned and e-mailed, or faxed by July 1,
2006 for eligibility to receive continuing medical
education credit for this CME activity.

INTRODUCTION

Clinical guidelines for the management of asthma
currently recommend controller therapy for children
and adults with persistent asthma. Inhaled cortico-
steroids (ICSs) are the preferred controllers for mild,
moderate and severe persistent asthma.' Minimum cri-
teria for persistent asthma (i.e., mild persistent asthma)
include daytime symptoms >2 per week and nighttime
symptoms >2 per month. For patients aged >5 years,
peak expiratory flow (PEF) or forced expiratory vol-
ume in one second (FEV) of 280% and PEF variabili-
ty of 20-30% also indicate mild persistent disease. ICS
therapy is highly effective in reducing airway inflam-
mation, improving pulmonary function and asthma
symptoms, and reducing asthma exacerbations. More-
over, regular use of ICS therapy has been associated
with substantial reductions in the rates of hospital
admissions and readmissions for asthma, and in the
rate of deaths from asthma. A population-based study
of >30,000 patients with asthma in the Saskatchewan
health system databases showed a reduction of 31%
and 39% in the rate of hospitalizations and readmis-
sions for asthma, respectively,” and an approximate
50% reduction in the rate of asthma-related deaths,
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with regular ICS use.* When administered regularly,
ICS therapy not only reduces the need for supplemental
medication and emergency healthcare but also decreas-
es the cost of asthma management.*

Comparative low-, medium- and high-dose esti-
mates for available ICSs are shown in Table 1.' High-
dose ICSs are the preferred controller therapy for
patients with severe persistent asthma, whereas low- to
medium-dose ICSs are recommended for patients with
mild and moderate persistent disease. For patients with
moderate disease, a long-acting f3y-adrenergic agonist
can be added to decrease the ICS dose needed for opti-
mal disease control.! Despite recommendations for the
daily use of ICSs for patients with any severity of per-
sistent asthma, unsubstantiated concern about the
potential for adverse systemic effects may be sufficient
to reduce physician prescribing of ICSs and patient
adherence to therapy. This review discusses ICS safety
with respect to systemic effects of most concern to
physicians and their patients.

SAFETY CONCERNS OF LONG-TERM
INHALED CORTICOSTEROID USE

Growth

Studies assessing the effects of ICSs on growth in
children for relatively short periods (<1 year) have
reported variable effects. In a 12-month, random-
ized, double-blind study, children aged 616 years
with asthma who received beclomethasone dipropi-
onate 84 pg four times daily experienced slower
growth velocity (4.2 cm/year) compared with chil-
dren given theophylline twice daily at doses adjusted
for optimal asthma control and with a target blood

level of 8-15 pg/ml 12 hours after dosing (5.5
cm/year; P=0.005).> Another study showed that chil-
dren aged 7-9 years randomized to beclomethasone
200 pg twice daily exhibited less growth at the end
of seven months of double-blind treatment com-
pared with children who received placebo (mean
growth, 2.66 + 0.78 vs. 3.66 + 0.77 cm; P<0.0001).¢
Similar results were reported in two one-year, ran-
domized, double-blind studies comparing
beclomethasone 200 pg twice daily with salmeterol
50 pg twice daily in children.”® Meta-analysis of
these four beclomethasone studies by Sharek and
Bergman showed a reduction in growth velocity of
about 1.51 cm/year with beclomethasone (328—400
pg/day) compared with a reduction of 0.43 cm/year
during a one-year study of fluticasone propionate
(200 pg/day) administered via dry-powder inhaler.’
In this study, children receiving fluticasone propi-
onate grew at rates similar to those receiving place-
bo and at rates consistent with their age."” A more
recent comparison study of fluticasone (200 pg/day)
and nedocromil (8 mg/day) (with maximum allowed
doses of 400 pg/day and 16 mg/day for uncontrolled
asthma) in 174 children aged 6-14 years with asth-
ma reported by Roux et al. showed similar rates of
growth between fluticasone and nedocromil (6.1 cm
and 5.8 cm/year, respectively).!! One report of
growth suppression in six children with severe per-
sistent asthma who were switched from high-dose
beclomethasone or budesonide (=800 pg/day) to flu-
ticasone administered by dry-powder inhaler
(=1,000 pg/day) suggests that high fluticasone doses
may lead to growth suppression in some children.
Three 52-week, randomized, open-label exten-

Low Daily Dose

Table 1. Estimated comparative daily inhaled corticosteroid doses

Medium Daily Dose High Daily Dose

Fluticasone MDI

44,110 or 220 ug/puff
Fluticasone DPI

50, 100 or 250 ug/inhalation 100-300 pg
Triamcinolone acetonide

100 ug/puff

88-264 ug

the National Asthma Education and Prevention Program.!

Drug Adult Child* Adult Child* Adult Child*
Beclomethasone CFC

42 or 82 yg/puff 168-504 uyg 84-336 ug 504840 ug 336-672 ug >840 ug >672 ug
Beclomethasone HFA

40 or 80 ug/puff 80-240 ug 80-160 uyg  240-480 ug  160-320 pg >480 ug >320 ug
Budesonide DPI

200 pg/inhalation 200-600 uyg 200-400 ug 600-1,200 ug 400800 ug >1,200ug >800 ug
Budesonide suspension

for nebulization — 0.5mg — © 1.0mg — 2.0 mg
Flunisolide

250 pg/puff 500-1,000 yg 500-750 ug 1,000-2,000 ug1,000-1,250 ug >2,000 ug >1,250 ug

88-176 ug
100-200 ug  300-600 ug
400-1,000 pg 400-800 pg 1,000-2,000 pg 800-1,200 ug  >2,000 ug >1,200 pg

CFC: chlorofluorocarbon; DPI: dry-powder inhaler; HFA: hydrofluoroalkane; MDI: metered-dose inhaler; * Children aged <12 years. From

264-660 ug  176-440pg  >660 g >440 ug

200-400 ug ~ >600 g >400 ug
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Figure 1. Mean value for standing height (A) and standing-height velocity (B) during four years of
treatment with inhaled budesonide, nedocromil or placebo
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sion studies from 12-week, randomized, controlled
studies (N=1,018)"*"* compared the safety of budes-
onide inhalation suspension (BIS) with conventional
asthma therapy, which could include ICSs in two
studies, in 670 children aged six months to eight
years.' Children randomized to BIS were initially
treated with 0.5 mg once or twice daily. Attempts
were made to reduce BIS dosing to the minimal
effective dose throughout the study. One of these
studies enrolling 350 patients demonstrated a signif-
icant difference in growth velocity between treat-
ments: 6.55 + 2.08 cm/year in children treated with
BIS (median daily dose, 0.5 mg) compared with
7.39 +£2.52 cm/year in children treated with conven-
tional therapy (P=0.002). In the remaining two stud-
ies, growth velocities with BIS (median daily doses,
0.5 mg and 0.8-1.0 mg) were not different from con-
ventional asthma therapy.'® Analysis of pooled data
from the three studies showed no statistically signif-
icant differences in growth velocity, standard medi-
an heights or skeletal age between BIS and conven-
tional asthma therapy.'* Overall mean growth
velocities were 6.64 + 2.28 and 6.45 + 2.52 cm/year
for children receiving BIS and conventional therapy,
respectively. An earlier open-label study in children
aged <3 years did not reveal an effect of BIS (1-4
mg/day) on growth measured over a period of six or
more months."’

Findings of Heuck et al. suggest that reducing the
frequency of dosing with ICSs to once daily may
have a sparing effect on short-term growth suppres-
sion. In children aged 5-12 years, mean lower leg
growth rate was reduced with budesonide 400 pg
administered twice daily via metered-dose inhaler
for four weeks compared with budesonide 800 pg
administered once daily in the morning for four
weeks (0.27 + 0.04 vs 0.38 £ 0.05; P=0.04)."

Recent results from two large randomized studies
suggest that the effects of ICSs on growth observed
over periods of up to one year are not sustained with
longer-term therapy.'*® In the Inhaled Steroid Treat-
ment as Regular Therapy in Early Asthma (START)
study, 7,241 patients aged 5-66 years with recent-
onset, mild persistent asthma were randomized to
receive budesonide (200 pg/day for children aged <11
years, 400 pg for others) or placebo, plus usual asthma
therapy.' Reductions in growth velocity in children
aged <11 years were apparent over the three years of
treatment with budesonide but were greatest in the
first year. The reductions in the first, second and third
years of the study were 0.58 cm (P<0.0001), 0.43 cm
(P<0.0001), and 0.33 cm (P=0.0005), respectively.
The Childhood Asthma Management Program
(CAMP) study compared the effects of inhaled budes-
onide 200 pg, nedocromil sodium 8 mg and placebo
administered twice daily for 4-6 years in 1,041 chil-
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dren aged 5-12 years.” At the end of the study, the
mean increase in height for children treated with
budesonide was 1.1 cm less than that in the placebo
group (Figure 1A). However, this difference resulted
primarily from reduced growth velocity during the
first year of treatment (Figure 1B). At the study’s end,
growth velocity and projected final height in children
treated with budesonide were similar to those in chil-
dren treated with nedocromil and placebo. Similar
findings were reported in a separate prospective study
by Agertoft and Pedersen that examined the effects of
long-term budesonide therapy on final adult height in
children.” Although growth rates in children treated
with budesonide (mean daily dose, 412 pug) were sig-
nificantly reduced during the first two years of treat-
ment compared with untreated controls and healthy
siblings, measures obtained after a mean of 9.2 years
of treatment revealed no significant effects of budes-
onide on final adult height. The difference between
measured and target adult height did not correlate with
either duration of budesonide treatment or cumulative
dose. In an earlier study by Balfour-Lynn, long-term
treatment with beclomethasone (mean duration, 5.8
years) in 26 children with asthma at doses of up to 600
pg/day before puberty and 400 pg/day during puberty
had no effect on the attainment of predicted final
height.? Thus, children do achieve their predicted
adult height after long-term ICS treatment, and tran-
sient decreases in growth rates are not reliable predic-
tors of final height.

Bone Mineral Density

In general, low-to-medium-dose ICSs do not
have significant effects on bone mineral density in
children.! No statistically significant differences in
measurements of BMD were found in a study of
children aged 417 years with asthma who had been
treated with beclomethasone (300—-800 pg/day) for a
mean duration of 25 months compared with children
with asthma who were not treated with cortico-
steroids.” In another study, bone mineral density in
44 children aged 5-10 years treated with
beclomethasone (mean dose, 319.3 pg/day) for 6.7 +
1.3 months was similar to that of 20 age-matched
children treated with cromolyn sodium.?* In the
study by Roux et al., increases in bone mineral den-
sity with fluticasone (200-400 pg/day) and
nedocromil (8—16 mg/day) were similar at the lum-
bar spine (11.6% vs. 10.4%) and femoral neck
(8.9% vs. 8.5%) after 24 months of treatment." Sim-
ilarly, a cross-sectional study assessing the effects of
long-term budesonide treatment (mean duration, 13
months) on bone mineral density in 74 children aged
3-10 years with asthma failed to show significant
differences between children receiving low- or high-
dose budesonide (range 200-800 ug/day) and those
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who were ICS naive.?” Furthermore, bone mineral
density did not correlate with treatment duration or
cumulative budesonide dose. In the previously
described CAMP study, investigators observed no
effects of inhaled budesonide on bone mineral den-
sity in children treated with budesonide over 4-6
years.” In contrast, an increased risk of fracture is
seen with as few as four short courses of oral corti-
costeroids in children aged 4-17 years [odds ratio
(OR)=1.32; 95% confidence interval (CI)=1.03—
1.69]. These findings support the long-term use of
ICSs, in terms of safety, compared with intermittent
use of oral corticosteroids.

There have been conflicting reports regarding the
effects of ICSs on bone mineral density in adults.
Initial studies reported decreased bone mineral den-
sity in small numbers of patients receiving high dos-
es of budesonide or beclomethasone (800-2,000
pg/day).?? Patients received ICSs for a mean of 40
+ 43.1 months (range 3—-180 months) and 29.8 +
19.5 months in the studies by Ip et al.® and Hanania
et al.,” respectively. In the study by Packe et al.,
patients received ICSs for 1-10 years (median 3
years for beclomethasone and 4.5 years for budes-
onide).” A more recent three-year study in 109 pre-
menopausal women receiving triamcinolone acet-
onide demonstrated a yearly dose-related decline in
bone mineral density of 0.00044 g/cm? per puff (100
pg/puff) at both the hip (P=0.01) and trochanter
(P=0.005), but no decline at the femoral neck or
spine. Significant declines at the hip and trochanter
were apparent even in those women who received no
oral or parenteral corticosteroids.® Several other
studies in adults failed to demonstrate significant
effects of ICSs on bone mineral density or bone
metabolism,*** although studies have shown an
association between ICS dose and decreases in bone
mineral density.>"*> Boulet et al. reported no signifi-
cant differences in bone mineral density or bone
metabolism over three years between patients
(N=51) receiving high-dose beclomethasone or
budesonide (>800 pg/day) and those receiving low-
dose (<500 pg/day) or no ICS.* There were likewise
no significant changes in bone mineral density or
markers of bone metabolism reported among 374
patients randomized to budesonide (median 389
pg/day), beclomethasone (median 499 pg/day) or
noncorticosteroid therapy over two years by Tatters-
field et al.* In two additional studies, no apparent
loss of bone mineral density and no significant
changes in markers of bone metabolism were evi-
dent over one year among patients (N=59) receiving
fluticasone 1,000 pg/day or budesonide 1,600
pg/day in the first study,** or among patients (N=69)
receiving fluticasone at doses of 400 and 750 pg/day
or beclomethasone at doses of 800 and 1,500 pg/day
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in the second study.** Finally, bone mineral density
was not significantly different between 106 post-
menopausal women exposed to ICS therapy (mean
dose 853 pg/day) for a mean of 8.2 + 5.03 years and
674 women not exposed to corticosteroids.”> Based
on a meta-analysis of seven studies on the effects of
ICSs in patients with asthma or mild chronic
obstructive pulmonary disease, the Cochrane Air-
ways Group concluded that the use of ICSs at con-
ventional doses for 2-3 years does not affect bone
mineral density.* In contrast, a more recent meta-
analysis, based on the results of 11 studies of ICS
use and bone mineral density in patients with asthma
and chronic obstructive pulmonary disease, reported
that the use of ICSs at pharmacologic doses for a
mean duration of 2.33 years is associated with
decreased bone mineral density.”” The authors attrib-
ute the disparity between their findings and those of
previous meta-analyses to the inclusion of two
recent studies involving triamcinolone. Both studies
showed that inhaled triamcinolone adversely affects
bone mineral density.*** Of the ICSs studied, budes-
onide (mean daily dose 686 pg) had the least delete-
rious effects on bone mineral density; triamcinolone
(mean daily dose 1,000 pug) had the most deleterious
effects followed by beclomethasone (mean daily
dose 703 pg).”” Compared with control patients,
bone losses of 0.010% per month in patients receiv-
ing budesonide, 0.016% in patients receiving beclo-
methasone and 0.028% in patients receiving triam-
cinolone were observed. Available data for fluticasone
were insufficient to provide a value for comparison.

Although unclear, the reasons for conflicting
results among studies addressing the effect of ICSs
on bone mineral density may be related to differ-
ences in oral corticosteroid use, numbers of post-
menopausal women with age-related bone loss, or
asthma severity.?® It remains to be determined
whether reductions in bone mineral density associat-
ed with ICS therapy in adults are clinically signifi-
cant. One retrospective database analysis reported a
significant dose-related increase in the risk of hip
fracture in older patients with recent ICS use (medi-
an daily dose 249 pg; OR=1.19; 95% CI=1.10-1.28)
after adjusting for oral corticosteroid use (P=
0.007).* However, studies suggest that cortico-
steroid-related bone loss may be easily prevented
with dietary supplements. One study found that
bone loss associated with long-term use of high-
dose budesonide or beclomethasone (>1.5 mg/day
for up to 18 months) can be prevented with calcium
supplements administered daily with or without
cyclical sodium etidronate.* Evidence also suggests
that osteoporosis induced by oral corticosteroid use
can be effectively managed using bisphosphonates,
with concomitant administration of vitamin D.*
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Hypothalamic Pituitary Adrenal Axis
Function

The hypothalamic pituitary adrenal (HPA) axis is
very sensitive to the systemic activity of cortico-
steroids and is thus a useful indicator of systemic
activity of ICSs; however, the clinical relevance of
minor changes in the HPA axis is unclear. A
decrease in endogenous cortisol production is
expected, with systemic exposure to exogenous cor-
ticosteroids due to negative feedback inhibition
from the HPA axis.

The effects of ICSs on HPA axis function have
been assessed in healthy subjects and patients with
asthma using a variety of measures, including morn-
ing plasma cortisol, integrated 12- or 24-hour area-
under-the-curve plasma cortisol levels, 24-hour uri-
nary free cortisol, adrenocorticotrophic hormone
levels and adrenocorticotrophic hormone-stimulated
cortisol.”? Integrated plasma cortisol levels,
overnight or 24-hour urinary cortisol, and low-dose
adrenocorticotrophic hormone-stimulation tests are
the most sensitive measures of HPA axis function.®
Single morning cortisol levels are insensitive meas-
ures of HPA axis function due to wide variation
within individual patients.*

In one 52-week study, open-label treatment with
budesonide dry-powder inhaler (200-1,600 ng/day)
demonstrated no evidence of suppressed adrenal corti-
sol synthesis in 1,133 patients with mild-to-severe per-
sistent asthma based on adrenocorticotrophic hor-
mone-stimulated cortisol levels.* However, effects on
HPA axis function can vary depending on the ICS as
well as the inhalation device used to deliver the ICS.
For example, fluticasone administered via metered-
dose inhaler plus spacer has resulted in about fivefold
greater systemic bioactivity (and, consequently,
greater suppression of adrenal cortisol synthesis) than
the same dose of the drug administered via dry-pow-
der inhaler.*

ICSs suppress adrenal cortisol synthesis in a dose-
related manner. A recent study comparing the systemic
effects of different ICSs reported substantial variation
in effects on 12-hour area-under-the-curve plasma cor-

tisol values.* The ICS-labeled dose that produced a
10% decrease from baseline in plasma cortisol ranged
from 111 pg for fluticasone administered by metered-
dose inhaler to 936 pg for flunisolide via metered-dose
inhaler. A meta-analysis of studies examining systemic
effects of ICSs on overnight urinary cortisol levels (21
studies) and on morning plasma and serum cortisol
levels (13 studies) showed that the dose-response gra-
dients for suppression of adrenal cortisol synthesis are
steeper for fluticasone via metered-dose inhaler than
for budesonide, beclomethasone or triamcinolone.*’ In
a study comparing the efficacy and adverse systemic
effects of fluticasone and beclomethasone adminis-
tered via metered-dose inhaler in patients with mild-to-
moderate persistent asthma, Szefler et al. concluded
that near-maximal improvement in pulmonary function
can be achieved at low and medium doses of flutica-
sone and beclomethasone, respectively, but that use of
high-dose therapy, especially fluticasone via metered-
dose inhaler, increased systemic activity as measured
by overnight plasma cortisol excretion, without provid-
ing greater efficacy.”

Although the clinical significance of these effects
on HPA axis function may be limited at low-to-
medium ICS doses,” high doses may lead to acute
adrenal insufficiency in very rare cases. A recent
survey conducted in the United Kingdom reported
acute adrenal crisis in 33 patients who were receiv-
ing ICSs at doses of 500-2,000 pg/day.*® Twenty-
three cases presented with acute hypoglycemia, with
reduced consciousness, coma or convulsions. One
patient died as a result of adrenal insufficiency.
Notably, 94% of the adrenal insufficiency cases
occurred with the use of fluticasone, even though
this ICS was the least frequently prescribed by sur-
veyed physicians. Based on these findings, the
authors suggested confirming the diagnosis of asth-
ma and using alternative therapeutic avenues before
prescribing fluticasone at doses >400 pg/day in chil-
dren and >1,000 pg/day in adults. With any ICS,
efforts should be made to step down to the lowest
effective dose.

Table 2. Food and Drug Administration pregnancy categories for inhaled corticosteroids
Pregnancy Category Classification Criteria Inhaled Corticosteroid
B No evidence of risk in humans. Budesonide
Either animal studies show risk, but human findings
do not or, if no adequate human studies have been
performed, animal findings are negative for risk.
C Risk cannot be ruled out. Beclomethasone
Human studies are lacking, and animal studies are  Flunisolide
either positive for fetal risk or lacking. However, Fluticasone
potential benefits may justify potential risk. Triamcinolone
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Cataracts, Ocular Hypertension and
Glaucoma

Systemic corticosteroid use is a documented risk
factor for the development of cataracts,* but pedi-
atric and adult study data argue against a large effect
of ICS use on cataract development.' In children,
analysis of data from the CAMP study demonstrated
the presence of one posterior subcapsular cataract
among 311 children who received inhaled budes-
onide, and this finding was reported as question-
able. Cataract formation could not be directly
attributed to ICS use in this case because the child
also received oral and intranasal corticosteroids dur-
ing the study. Cataracts also were not reported in
children with persistent asthma enrolled in the previ-
ously mentioned three U.S. 12-week studies of BIS
administered at doses of 0.25-2.0 mg/day, their one-
year open-label extensions (N=670) or five non-U.S.
studies (N=333).52 Moreover, only three reports of
cataracts in children were identified in postmarket-
ing surveillance of BIS from 1990 through June
2002. Of these reports, two were complicated by
prematurity and history of congenital cataracts.

Similar to studies in young children, several stud-
ies in adolescents and adults suggest that long-term
ICS use does not increase the risk of cataracts, even
at high doses.***¢ However, one study conducted in
patients aged 4997 years with asthma demonstrated
a higher prevalence of nuclear (relative prevalence
1.5, 95% CI=1.2-1.9) and posterior subcapsular
(relative prevalence 1.9; 95% CI=1.3-2.8) cataracts
in patients currently or previously using ICSs com-
pared with those who were ICS naive.* Patients with
higher cumulative lifetime doses of beclomethasone
(21,000 mg) were at greater risk for the develop-
ment of posterior subcapsular cataracts (P<0.001). A
subsequent case-control study based on insurance
claims data indicated that high-dose ICSs (>1
mg/day) increased the risk of cataract extraction in
elderly patients after two years of treatment.*® An
increased risk for ocular hypertension or open-angle
glaucoma was reported in another study involving
patients aged =66 years prescribed high doses of
ICSs (defined as an average daily dose 21,500 pg for
flunisolide and =1,600 pg for beclomethasone,
budesonide and triamcinolone) for =3 months
(OR=1.44; 95% CI=1.01-2.06).* Postmarketing
surveillance for BIS has shown no increased risk of
ocular toxicity in adult or elderly patients.®¢' In a
recent population-based case-control study using the
General Practice Research Database in the United
Kingdom, the association between exposure to ICSs
and cataracts was evaluated in 15,479 patients with
cataracts and 15,479 controls.®? The adjusted OR for
cataract development with ICS doses of up to 400
pg/day was 0.99 (95% CI=0.87-1.13) compared
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with that of 1.69 (95% CI=1.17-2.43) with doses
>1,600 pg/day.

These findings suggest that ocular effects from
ICSs are minimal in children and most adults but
that the risk of cataracts, glaucoma or ocular hyper-
tension with long-term use of high ICS doses may
be higher in older patients. In any event, routine
ophthalmologic follow-up to detect ocular hyperten-
sion and glaucoma at an early stage is an important
part of routine healthcare for everyone, patients with
and without asthma alike.

SAFETY FOR THE PREGNANT WOMAN
AND FETUS

Up to 8.4% of pregnant women may be affected by
asthma,® which, if uncontrolled, can lead to adverse
perinatal outcomes.* Although National Asthma Edu-
cation and Prevention Program Guidelines recommend
the use of ICSs for the treatment of all severities of per-
sistent asthma during pregnancy,®% few studies have
assessed the safety of ICSs in pregnant women. Sub-
stantial data from the Swedish Medical Birth Registry
showed a rate of congenital malformations among
2,534 children of women who used budesonide during
early pregnancy equal to that observed in the general
population (3.6%).5” A subsequent analysis of registry
data demonstrated normal gestational age, normal
birthweight and length, and no increased risk of multi-
ple births or stillbirths among infants born to 2,968
mothers who used budesonide during early pregnan-
cy.® Among studies of beclomethasone, one prospec-
tive study reported rates of adverse outcomes in infants
of 64 women exposed to ICSs (primarily beclometha-
sone) during pregnancy that were not significantly dif-
ferent from rates observed in infants of women who
were not exposed to ICSs.® A second, observational
study revealed a rate of congenital malformations with
beclomethasone that was within the normal range.”

In their joint consensus statement, the American
College of Obstetricians and Gynecologists and the
American College of Allergy, Asthma and Immunol-
ogy recommend the use of budesonide or
beclomethasone for women with persistent asthma
who are initiating ICS treatment during pregnancy.”
Budesonide is recommended for pregnant patients
with high ICS dose requirements. According to the
U.S. Food and Drug Administration, only inhaled
budesonide meets the criteria for adequate and well-
controlled studies in pregnant women to justify a
pregnancy category-B rating (Table 2).” Other ICSs
have been rated pregnancy category C, which signi-
fies that human pregnancy studies are lacking and
animal reproduction studies are either positive for
fetal risk or lacking; however, the potential benefits
of treatment may justify any potential risks.
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Name Medical license number

1. Suppression of growth velocity with ICS use in children appears to be transient, with no effect of long-
term use on final adult height.
A. True B. False

2. In general, the use of low-to-medium doses of ICSs has no significant effect on bone mineral density in
children, whereas the intermittent use of oral corticosteroids (=4 courses/year) can increase the risk of
bone fracture.

A. True B. False

3. Conflicting reports on the effects of ICSs on bone mineral density in adults may reflect:
A. The ICS used D.Aand C
B. Asthma severity E.A.B,C
C. Age-related bone loss in postmenopausal women

4. Which of the following is the least sensitive measure of HPA axis function?

A. 24-hour urinary cortisol C. Morning cortisol level

B. Integrated plasma cortisol level D. Adrenocorticotrophic hormone-stimulation test
5. ICS effects on HPA axis function depend on:

A. The ICS used C. Delivery device

B. ICS dose D. All of the above

6. High-dose ICS therapy may, in very rare cases, lead to acute adrenal insufficiency.
A. True B. False

7. Studies suggest which of the following might increase the risk of cataract development with ICS use?
A. High daily dose (>1,000 ug) C. Older age
B. High cumulative lifetime dose (21,000 mg)  D. All of the above

8. The National Asthma Education and Prevention Program recommends ICS use for the treatment of all
severities of persistent asthma in pregnant women.
A.True B. False

9. Inhaled budesonide has an FDA pregnancy category-B rating based on safety demonstrated in
adequate and well-controlled studies in pregnant women.
A. True B. False

10. The lowest effective ICS doses should be used, especially for higher-potency ICSs, to reduce any
potential for adverse systemic effects.
A. True B. False

Look for answers to this quiz in the July issue of JINMA below the table of contents.
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CONCLUSIONS

ICSs improve pulmonary function and reduce asth-
ma symptoms and asthma exacerbations more effec-
tively than any other class of asthma-controller med-
ication. This superior efficacy has contributed to the
current status of ICSs as the preferred first-line thera-
py for the management of persistent asthma.! ICSs as a
class are safe and well tolerated at recommended dos-
es, and the benefits of their long-term use clearly out-
weigh the risks of uncontrolled asthma.

Most studies clearly demonstrate the safety of
low and moderate doses of ICS therapy in terms of
bone mineral density, adrenal function and ocular
effects. In terms of growth, long-term data for
budesonide suggest that the initial growth suppres-
sion demonstrated with ICSs does not affect final
adult height. Moreover, analyses of Swedish Med-
ical Birth Registry data have shown no increased
risk of adverse perinatal outcomes with budesonide
when administered to pregnant women. Some
patients may be more susceptible to systemic effects
of long-term, high-dose ICS therapy, but the clinical

ICS SAFETY FOR PERSISTENT ASTHMA

significance of this susceptibility is uncertain.

Although the risks of adverse effects due to ICS
therapy are generally low, the potential for systemic
effects can be reduced by titrating ICSs down to the
lowest effective dose after asthma control has been
achieved. It is particularly important to use the low-
est effective dose to limit potential systemic effects
of higher-potency ICS formulations.*”*™ Combin-
ing recommended asthma management strategies
with appropriate ICS dosing is a safe and effective
treatment approach for adults and children with per-
sistent asthma.

ACKNOWLEDGEMENTS

The author acknowledges Jonathan Druhan, PhD
(formerly of Scientific Connexions) and Leslie Sell,
PhD (from Thomson Scientific Connexions) for
providing medical writing support. Editorial support
was provided by AstraZeneca LP.

REFERENCES
1. National Asthma Education and Prevention Program. Expert panel
report: guidelines for the diagnosis and management of asthma. Update

Evaluation

A. Excellent B. Good

A. Excellent B. Good

A. Excellent B. Good

4, Rate the effectiveness of the teaching method.
A. Excellent B. Good

A. Excellent B. Good

A. Excellent B. Good

Comments

The program evaluation below must be completed to process your exam. Your responses to the
following questions will have no effect on the grading or results of the CME quiz.
1. Rate the accuracy and timeliness of the article’s content.

2. Rate the relevance of the topic to your daily practice.

3. Rate the relevance of the content to the learning objectives.

5. Rate the objectivity and lack of commercial bias found in this article.

6. Rate the impact this CME activity had on your professional knowledge or attitude about this topic.

C. Satisfactory D. Poor
C. Satisfactory D. Poor
C. Satisfactory D. Poor
C. Satisfactory D. Poor
C. Satisfactory D. Poor

C. Satisfactory D. Poor

Printed/typed name with suffix

Medical specialty
Address

Medical license number

City

State ZIP

Phone Fax

E-Mail

2 | wish to review for JNMA.

O | wish to write book reviews to be published in INMA.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

VOL. 98, NO. 6, JUNE 2006 859



ICS SAFETY FOR PERSISTENT ASTHMA

on selected topics—2002. J Allergy Clin Immunol. 2002;110(5 suppl):S141-
$219.

2. Suissa S, Ernst P, Kezouh A. Regular use of inhaled corticosteroids and the
long term prevention of hospitalisation for asthma. Thorax. 2002;57:880-884.

3. Suissa §, Ernst P, Benayoun $, et al. Low-dose inhaled corticosteroids and
the prevention of death from asthma. N Engl J Med. 2000;343:332-336.

4. Balkrishnan R, Norwood GJ, Anderson A. Outcomes and cost benefits
associated with the introduction of inhaled corticosteroid therapy in a
Medicaid population of asthmatic patients. Clin Ther. 1998;20:567-580.

5. Tinkelman DG, Reed CE, Nelson HS, et al. Aerosol beclomethasone
dipropionate compared with theophylline as primary treatment of chronic,
mild o moderately severe asthmain children. Pediatrics. 1993,92:64-77.

6. Doull lIM, 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.

7. Simons FER and the Canadian Beclomethasone Dipropionate-Saimeterol
Xinafoate Study Group. A comparison of beclomethasone, salmeterol, and
placebo in children with asthma. N Engl J Med. 1997:337:1659-1665.

8. Verberne AAPH, Frost C, Roorda RJ, et al. One year treatment with sal-
meterol compared with beclomethasone in children with asthma. Am J
Respir Crit Care Med. 1997;156:688-695.

9. Sharek PJ, Bergman DA. The effect of inhaled steroids on the linear
growth of children with asthma: a meta-analysis. Pediatrics. 2000.
www.pediatrics.org/cgi/content/full/106/1/e8.

10. Allen DB, Bronsky EA, La Force CF. et al. Growth in asthmatic children
treated with fluticasone propionate. J Pediatr. 1998;132:472-477.

11. Roux C, Kolta S, Desfougeres JL, et al. Long-term safety of fluticasone
propionate and nedocromil sodium on bone in children with asthma. Pedi-
atrics. 2003;111:e706-€713.

12. Todd G, Dunlop K, McNaboe J, et al. Growth and adrenal suppression
in asthmatic children treated with high-dose fluticasone propionate.
Lancet. 1996;348:27-29.

13. Baker JW, Mellon M, Wald J, et al. A multiple-dosing, placebo-con-
frolled study of budesonide inhalation suspension given once or twice dai-
ly for treatment of persistent asthma in young children and infants. Pedi-
atrics. 1999;103:414-421.

14. Kemp JP, Skoner D, Szefler SJ, et al. Once-daily budesonide inhalation
suspension for the freatment of persistent asthma in infants and young chil-
dren. Ann Allergy Asthma Immunol. 1999;83:231-239.

15. Shapiro G, Mendelson L, Kraemer MJ, et al. Efficacy and safety of
budesonide inhalation suspension (Pulmicort Respules®) in young children
with inhaled steroid-dependent, persistent asthma. J Allergy Clin Immunol.
1998;102:789-796.

16. Scott MB, Skoner DP. Short-term and long-term safety of budesonide
inhalation suspension in infants and young children with persistent asthma.
J Allergy Clin Immunol. 1999;104:5200-5209.

17.Reid A, Murphy C, Steen HJ, et al. Linear growth of very young asthmat-
ic children treated with high-dose nebulized budesonide. Acta Paediatr.
1996,85,421-424.

18. Heuck C, Wolthers OD, Kollerup G, et al. Adverse effects of inhaled
budesonide (800 ug) on growth and collagen turnover in children with
asthma: a double-blind comparison of once-daily versus twice-daily
administration. J Pediatr. 1998;133:608-612.

19. Pauwels RA, Pedersen S, Busse WW, et al. Early intervention with budes-
onide in mild persistent asthma: a randomized double-blind frial. Lancet.
2003;361:1071-1076.

20. Childhood Asthma Management Program Research Group. Long-term
effects of budesonide or nedocromilin children with asthma. N Engl J Med.
2000;343:1054-1063.

21. Agertoft L, Pedersen S. Effect of long-term freatment with inhaled
budesonide on adult height in children with asthma. N Engl J Med. 2000;
343:1064-1069.

22. Baifour-Lynn L. Growth and childhood asthma. Arch Dis Child. 1986;61:
1049-1055.

23. Konig P, Hillman L, Cervantes C, et al. Bone metabolism in children with
asthma treated with inhaled beclomethasone dipropionate. J Pediatr.
1993;122:219-226.

24. Martinati LC, Bertoldo F, Gasperi E, et al. Effect on cortical and trabecu-

860 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

lar bone mass of different anti-inflammatory treatments in preadolescent
children with chronic asthma. Am J Respir Crit Care Med. 1996;153:232-236.

25. Bahceciler NN, Sezgin G, Nursoy MA, et al. Inhaled corticosteroids and
bone density of children with asthma. J Asthma. 2002;39:151-157.

26. van Staa TP, Cooper C, Leufkens HG, et al. Children and the risk of frac-
tures caused by oral corticosteroids. J Bone Miner Res. 2003;18:913-918.

27. Hanania NA, Chapman KR, Sturtridge WC, et al. Dose-related
decrease in bone density among asthmatic patients treated with inhaled
corticosteroids. J Allergy Clin Immunol. 1995;96:571-579.

28. Ip M, Lam K, Yam L, et al. Decreased bone mineral density in pre-
menopausal asthma patients receiving long-term inhaled steroids. Chest.
1994;105:1722-1727.

29. Packe GE, Robb O, Robins SP, et al. Bone density in asthmatic patients tak-
ing inhaled corticosteroids: comparison of budesonide and beclomethasone
dipropionate. Journal of the Royal College of the Physicians of London.
1996;30:128-132.

30. Israel E, Banerjee TR, Fitzmaurice GM, et al. Effects of inhaled glucocorti-
coids on bone density in premenopausal women. N Engl J Med. 2001;345;
941-947.

31.Boulet L-P, Milot J, Gagnon L, et al. Long-term influence of inhaled corti-
costeroids on bone metabolism and density. Are biological markers pre-
dictors of bone loss? Am J Respir Crit Care Med. 1999;159:838-844.

32. Eimstahl S, Ekstrom H, Galvard H, et al. Is there an association between
inhaled corticosteroids and bone density in postmenopausal women?
J Allergy Clin Immunol. 2003;111:91-96.

33. Hughes JA, Conry BG, Male SM, et al. One year prospective open study
of the effect of high dose inhaled steroids, fluticasone propionate, and
budesonide on bone markers and bone mineral density. Thorax. 1999;
54:223-229.

34. Medici TC, Grebski E, Hacki M, et al. Effect of one year treatment with
inhaled fluticasone propionate or beclomethasone dipropionate on bone
density and bone metabolism: a randomised parallel group study in adult
asthmatic subjects. Thorax. 2000;55:375-382.

35. Tattersfield AE, Town Gl, Johnell O, et al. Bone mineral density in subject
with mild asthma randomised to freatment with inhaled corticosteroids or
non-corticosteroid treatment for two years. Thorax. 2001;56:272-278.

36. Jones A, Fay JK, Burr M, et al. Inhaled corticosteroid effects on bone
metabolism in asthma and mild chronic obstructive pulmonary disease
(Cohrane Review). In: The Cochrane Library, Issue 3, 2003. Oxford: Updat-
ed Software.

37. Richy F, Bousquet J, Ehrlich GE, et al. Inhaled corticosteroids effects on
bone in asthmatic and COPD patients: a quantitative systematic review.
Osteoporos Int. 2003;14:179-190.

38. The Lung Health Research Study Group. Effect of inhaled friamcinolone
on the decline in pulmonary function in chronic obstructive pulmonary dis-
ease. N Engl J Med. 2000;343:1902-1909.

39. Hubbard RB, Smith CJP, Smeeth L, et al. Inhaled corticosteroids and hip
fracture. A population-based case-control study. Am J Respir Crit Care
Med. 2002;166:1563-1566.

40. Wang WQ, Ip MSM, Tsang KWT, et al. Antiresorptive therapy in asthmatic
patients receiving high-dose inhaled steroids: a prospective study for 18
months. J Allergy Clin Immunol. 1998;101:445-450.

41. Amin §, Lavalley MP, Simms RW, et al. The combaroﬁve efficacy of drug
therapies used for the management of corticosteroid-induced osteoporo-
sis: @ meta-regression. J Bone Miner Res. 2002;17:1512-1526.

42. Passalacqua G, Albano M, Canonica GW, et al. Inhaled and nasal cor-
ticosteroids: safety aspects. Allergy. 2000;55:16-33.

43. Barnes PJ, Pedersen S, Busse WW. Efficacy and safety of inhaled corti-
costeroids. Am J Respir Crit Care Med. 1998;157 (suppl):S1-S53.

44, Tinkelman DG, Bronsky EA, Gross G, et al. Efficacy and safety of budes-
onide inhalation powder (Pulmicort Turbuhaler) during 52 weeks of freatment
in adults and children with persistent asthma. J Asthma. 2003;40:225-236.

45. Wilson AM, Dempsey OJ, Coutie WJR, et al. Importance of drug-device
interaction in determining systemic effects of inhaled corticosteroids.
Lancet. 1999;353:2128.

46. Martin RJ, Szefler $J, Chinchilli VM, et al. Systemic effect comparisons of
six inhaled corticosteroid preparations. Am J Respir Crit Care Med. 2002;
165:1377-1383.

VOL. 98, NO. 6, JUNE 2006



47. Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy.
A systematic review and meta-analysis. Arch Intern Med. 1999;159:941-955.

48. Szefler SJ, Martin RJ, King TS, et al. Significant variability in response to
inhaled corticosteroids for persistent asthma. J Allergy Clin Immunol. 2002;
109:410-418.

49. Allen DB. Safety of inhaled corticosteroids in children. Pediatr Pulmonol.
2002;33:208-220.

50. Todd GRG, Acerini CL, Ross-Russell R, et al. Survey of adrenal crisis asso-
ciated with inhaled corticosteroids in the United Kingdom. Arch Dis Child.
2002;87:457-461.

51. National Asthma Education and Prevention Program. Expert Panel
Report 2: Guidelines for the Diagnosis and Management of Asthma.
Bethesda, Md: National Heart, Lung, and Blood Institute; National Institutes
of Health; 1997. Publication 97-4051.

52. Szefler $J, Lyzell E, Fitzpatrick S, et al. Safety profile of budesonide inhala-
tion suspension in the pediatric population: worldwide experience. Ann
Allergy Asthma Immunol. 2004;93:83-90.

53. Abuekteish F, Kirkpatrick JNP, Russell G. Posterior subcapsular cataract
and inhaled corticosteroid therapy. Thorax. 1995;50:674-676.

54. Reed CE, Offord KP, Nelson HS, et al. Aerosol beclomethasone dipropi-
onate spray compared with theophylline as primary treatment for chronic
mild-to-moderate asthma. J Allergy Clin Immunol. 1998;101:14-23.

55. Simons FE, Persaud MP, Gillespie CA, et al. Absence of posterior sub-
capsular cataracts in young patients treated with inhaled glucocorticoids.
Lancet. 1993;342:776-778.

56. Toogood JH, Markov AE, Baskerville J, et al. Association of ocular
cataracts with inhaled and oral steroid therapy during long-term treat-
ment of asthma. J Allergy Clin Immunol. 1993;91:571-579.

57. Cumming RG, Mitchell P, Leeder SR. Use of inhaled corticosteroids and
the risk of cataracts. N Engl J Med. 1997;337:8-14.

58. Garbe E, Suissa S, LeLorier J. Association of inhaled corticosteroid use
with cataract extraction in elderly patients. JAMA. 1998;280:539-543.

59. Garbe E, LeLorier J, Boivin J-F, et al. Inhaled and nasal glucocorticoids
and the risks of ocular hypertension or open-angle glaucoma. JAMA.
1997:277:722-727.

60. Cruz-Rivera M, Lyzell E, Fitzpatrick S. Low frequency of adverse events
reported through postmarketing surveillance for Pulmicort Respules®
(budesonide inhalation suspension) in the U.S. adult population [abstract].
J Allergy Clin Immunol. 2002;109(suppl):5292. Abstract 895.

61. Lyzell E, Cruz-Rivera M, Fitzpatrick S. Safety of Pulmicort Respules®
(budesonide inhalation suspension) in geriatric patients: postmarketing sur-
veillance and clinical study data [abstract]. J Allergy Clin Immunol. 2002;
109(suppl):5292. Abstract 894.

62. Smeeth L, Boulis M, Hubbard R, et al. A population based case-control
study of cataract and inhaled corticosteroids. Br J Ophthalmol. 2003;87:
1247-1251.

63. Kwon HL, Belanger K, Bracken MB. Asthma prevalence among preg-
nant and childbearing-aged women in the United States: estimates from
national health surveys. Ann Epidemiol. 2003;13:1-8.

64. Schafz M. The efficacy and safety of asthma medications during preg-
nancy. Semin Perinatol. 2001;25:145-152.

65. National Asthma Education and Prevention Program. Quick Reference.
NAEPP Expert Panel Report. Managing Asthma During Pregnancy: Recom-
mendations for Pharmacologic Treatment-Update 2004. Bethesda, Md:
National Institutes of Health. National Heart, Lung, and Blood Institute;
National Institutes of Health; 2004. Publication 04-5246.

66. Schom M. New guidelines for pregnant asthmatics [MedScape Medical
News]. www.medscape.com/viewarticle/472336.

67. Ericson A, Kdlién B. Use of drugs during pregnancy—unique Swedish
registration method that can be improved. Information From the Swedish
Medical Products Agency. 1999;1:8-11.

68. Norjavaara E, Gerhardsson de Verdier M. Normal pregnancy outcomes
in a population-based study including 2968 pregnant women exposed to
budesonide. J Allergy Clin Immunol. 2003;111:736-742.

69. Schatz M, Zeiger RS, Harden K, et al. The safety of asthma and allergy
medications during pregnancy. J Allergy Clin Immunol. 1997;100:301-306.

70. Greenberger PA, Patterson R. Beclomethasone dipropionate for severe

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

ICS SAFETY FOR PERSISTENT ASTHMA

asthma during pregnancy. Ann Intern Med. 1983;98:478-480.

71. The American College of Obstetricians and Gynecologists (ACOG)
and The American College of Allergy, Asthma and Immunology (ACAAI).
The use of newer asthma and allergy medications during pregnancy. Ann
Allergy Asthma Immunol. 2000;84:475-480.

72. Boothby LA, Doering PL. FDA labeling system for drugs in pregnancy.
Ann Pharmacother. 2001;35:1485-1489.

73. Boorsma M, Andersson N, Larsson P, et al. Assessment of the relative
potency of inhaled fluticasone and budesonide. Eur Respir J. 1996;9:1427-
1432,

74. Lipworth BJ, Wilson AM. Dose response to inhaled corticosteroids: bene-
fits and risks. Semin Respir Crit Care Med. 1998;19:625-646. R

REUSE THIS
CONTENT

To photocopy, e-mail, post on Internet or
distribute this or any part of INMA, please
visit www.copyright.com.

MEDICAL UNIVERSITY
OF SOUTH CAROLINA

Clinical and Research Faculty Positions Available
Department of Medicine/College of Medicine
Medical University of South Carolina
MUSC is an Equal Opportunity Employer and actively
seeks diversity in its faculty, staff and students.

Division of Cardiology
Division of Emergency Medicine

Division of Endocrinology, Diabetes

and Medical Genetics
Division of Gastroenterology and Hepatology
Division of General Internal Medicine/Geriatrics
Division of Hematology/Oncology
Hospitalist Program
Division of Infectious Disease
Division of Nephrology
Division of Pulmonary and Critical Care
Division of Rheumatology and Immunology

Interested applicants may apply on-line at
www.musc.edu or may forward a CV to
glanvilf@musc.edu or to Frances Glanville,
Department of Medicine, 96 Jonathan Lucas Street,
PO Box 250623, Charleston, SC 29425.

VOL. 98, NO. 6, JUNE 2006 861




