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Background: The effects of inhaled corticosteroid (ICS)
preparations on bone health have been debated. Multiple
analyses have been published examining the question, with
mixed results.

Objectives: We examined how assumptions about the effect
of ICS on bone mineral density (BMD) influence the cost-
effectiveness of ICS in asthma.

Methods: We developed a mathematical simulation model to
estimate clinical outcomes and costs for a cohort with mild/
moderate asthma. The analysis conformed to reference case
recommendations of the US Panel on Cost-Effectiveness in
Health and Medicine. Sensitivity analysis evaluated the stability
of our results to uncertainty in treatment duration, age at
treatment, and ICS dose.

Results: Assuming a dose of 200 pg twice per day of ICS, a
literature-based average effect of ICS on BMD and a 10-year
time horizon, we observed a minimal increase in the costs
attributed to hip fracture and incremental cost effectiveness
ratio of $26,000 per quality-adjusted life-year and $14.00 per
symptom-free day gained. Over an extended the time horizon
(lifetime), the incremental cost effectiveness ratio increased to
$42,000/quality-adjusted life-year. Only under a scenario of
high-dose ICS, a lifetime horizon, and a large effect of ICS on
BMD did the potential impact of ICS on BMD dramatically
affect the economic attractiveness of therapy.

Conclusion: To minimize any potential impact, use of the lowest
effective dose of ICS and measures to target and intervene in
high-risk individuals are warranted. However, ICS therapy in
mild/moderate asthma compares favorably with commonly
accepted interventions over a wide range of assumptions
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regarding this treatment and its effects on BMD. (J Allergy
Clin Immunol 2006;117:359-66.)
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National guidelines recommend inhaled corticosteroids
(ICSs) as first-line therapy in persistent asthma.' Yet wide-
spread nonadherence on the part of physicians and patients
to these guidelines persistsz’3 and may be caused, in part,
by concerns about the safety of ICS. The effects of oral
corticosteroids on bone metabolism are well documented,
and all ICS preparations are known to be absorbed to
some extent into the systemic circulation from the lungs.*
Furthermore, previous analysis has demonstrated that the
clinical and economic attractiveness of ICS therapy is sen-
sitive to assumptions about ICS toxicity.” Therefore, the
tradeoff between the known benefits of ICS therapy and
potential side effects of accelerated osteoporosis and frac-
tures may play a role in patients’ and physicians’ nonad-
herence to guideline recommendations.

However, the link between ICS use and potential
changes in bone mineral density (BMD) has not been
established with certainty, with studies yielding conflict-
ing results.®'? Therefore, the aim of the current study was
to assemble the existing evidence and provide guidance
about the appropriateness of ICS therapy in persistent dis-
ease. By using a literature-based estimate of the range of
potential effects of ICS therapy on BMD in combination
with the proposed link between BMD and subsequent
fracture rate, we examined the impact of these effects on
the cost-effectiveness of the use of inhaled corticosteroids
in mild-to-moderate asthma. Preliminary results of this
analysis have been previously presented in abstract
form.”°

METHODS
Analytic overview: The Asthma Policy Model

The Asthma Policy Model is a Markov, state-transition simulation
of the natural history of asthma. The details of the model development
are described in detail in a separate publication.’ See this article’s
detailed summary of model development in the Online Repository
at www.jacionline.org.

Target population

We evaluated (1) quick relievers (eg, short-acting (3-agonists) on
an as-needed basis and (2) a quick reliever plus ICS therapy for a
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Abbreviations used
BMD: Bone mineral density
HRQOL: Health-related quality of life
ICER: Incremental cost-effectiveness ratio
ICS: Inhaled corticosteroid
OR: Odds ratio
QALM: Quality-adjusted life-month
QALY: Quality-adjusted life-year

baseline cohort of women, age 35 years, with mild-to-moderate
persistent asthma. We chose to model women because data on the
relationship between BMD and fracture risk are best defined among
female populations. In addition, after age 35 years, the overall
incidence of fractures in women climbs steeply and becomes twice
that in men.?!

Input data

Effect of BMD on fracture risk. The decline in BMD has been
estimated from large population-based studies of white women and
found to be a function of age. Femoral neck and trochanteric hip
fracture rates were estimated by using the equations developed by
Melton et al.>> The total hip fracture rate was calculated as the sum of
femoral neck and trochanteric fracture rates. For this analysis, the
overall incidence of all fractures was calculated by using the percent-
age of hip fractures relative to all fractures.”>

Effect of ICS on BMD. Systematic review of published literature
yielded 6 randomized controlled trials and 3 longitudinal studies that
allowed calculation of the effect of ICS therapy on BMD, standard-
ized to a unit dose per year of steroid.'®'>'%2%23 For the base-case
analysis, we assumed an ICS dose of 200 g twice per day (400 g
once per day) and a weighted average of the published estimates of
the potential effect of ICS use on BMD (—0.00028 g/cm?/100 wg/y).
Moreover, we assumed equivalency across all ICS preparations.

Health-related quality of life. The US Panel on Cost-effectiveness
in Health and Medicine recommends that community preferences for
health states be used, whenever feasible, to value morbidity conse-
quences.”® Preference weights were collected in a companion
study.27 We obtained health-related quality of life (HRQOL) weights
for hip fracture and for nursing home placement after hip fracture
from the literature and assumed a time effect of hip fracture on the
quality of life weight.?®

Costs. Costs were estimated from published studies,” including
nursing home costs of $3082/month and acute hospitalization costs
associated with hip fracture of $13,499 per event and other fracture
of f{S921/¢;—:Vent.29 We adjusted all costs estimates to 2003 US dollars
by using the medical care component of the Consumer Price Index.*®

Sensitivity analysis

In previous analysis, the cost-effectiveness of ICS was sensitive to
assumptions about efficacy of ICS therapy and estimates for HRQOL.
In addition, the cost-effectiveness ratio was moderately sensitive to
assumptions about costs of ICS drugs and duration of therapy but
relatively insensitive to assumptions about costs of acute event rates.”
In the current sensitivity analysis, we did not repeat these sensitivity
analyses but focused on the impact of variation in parameters directly
associated with the effect of ICS on BMD. Because some studies sug-
gest that the effect of ICS on BMD may not be linear,?’ we explored
the effect of 2 different nonlinear models of the effect of ICS on
BMD; the models assumed that the effect of ICS on BMD decreased
exponentially over a 10-year and 20-year period.
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RESULTS

Cost-effectiveness of ICS incorporating
the effects of ICS on BMD

In the absence of ICS therapy, patients receiving quick
relievers alone will live for an average of 7.32 QALYs
over a 10-year period. Discounted and unadjusted for
HRQOL effects, this equates to 8.58 years of life, with
virtually all deaths attributable to nonasthma-related
causes (Table I). The model predicts a population average
of 36.9% symptom-days, 4.6 acute episodes per person,
and $6400 in per-person, discounted, total direct costs
over the 10-year period.

The addition of ICS increases discounted, quality-
adjusted life to 7.58 QALYs. In addition, the proportion
of days with symptoms (symptom days) are reduced to
21.8%, and the average patient has only 3.1 acute events.
However, improved asthma morbidity occurs at an in-
creased cost of $13,000/year, which is primarily second-
ary to the cost of the medication (ICS). For our base-case
analysis, if we assume a population with a starting age of
35 years receiving 200 g of ICS twice per day (400 g
once per day) and a literature-based weighted average
of the effect of ICS on BMD (—0.00028 g/cmz/ 100 pgly),
we observed a minimal increase in the costs attributed
to fractures (including hip) and its associated morbidity
($76.00). Viewed in terms of an incremental cost-effec-
tiveness ratio (ICER), we estimate an incremental cost
of $26,000 per QALY gained and $14.00 per additional
symptom-free day over a 10-year horizon of ICS com-
pared with quick relievers alone.

Not surprisingly, the results are less favorable when one
considers an older target population. The deleterious effects
of ICS on bone health may become important among an
elderly population who use ICS therapy for prolonged
periods. The impact on the ICER is dependent on the dose
of ICS, the duration of therapy, and the assumptions
regarding the impact of ICS on BMD (Table II). When we
extended the time horizon to the lifetime of the cohort, the
ICER ratio increased by 60% ($42,000/QALY). When we
assumed the use of high-dose ICS (1000 wg/d) over the
lifetime of an individual and incorporated the high estimate
of the effect of ICS on published BMD values among an
asthma population (—0.00058 g/cm?/100 wg/y), the use of
ICS is dominated by the alternative strategy (the use of quick
relievers alone). Only when we consider this worst case
scenario can the use of quick relievers alone be considered
a better health value when decisions are made about the
distribution of limited health care resources.

Sensitivity analysis

We modeled the effect of ICS on BMD as a continuous
linear effect over time; sensitivity analyses examined 4
values of duration of therapy: (1) 10 years, (2) 20 years, (3)
30 years, and (4) a lifetime effect. As illustrated in Fig 1, A,
the incidence of hip fracture begins to increase signifi-
cantly when the time horizon is extended to 30 years or
beyond, even among populations not using ICS pre-
parations. With the institution of ICS, although the
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TABLE . Base-case analysis (400 pg/d, weighted average of ICS effects on BMD): cohort of 10,000 women starting at age

35 years over various time horizons

10y 30y Lifetime
no ICS ICS no ICS ICS no ICS ICS

Fracture-related morbidity per 1000 persons

Hip fracture 0.3 0.4 8.7 11.6 192 240.6

Other fracture 6.2 6.8 135.8 180.1 1059 1033

Asthma-related mortality 0.004 0.003 0.013 0.009 0.013 0.021

Hip fracture mortality 0.06 0.07 1.7 2.3 38.4 48.1

Other fracture mortality 0.2 0.2 4.9 6.5 38.1 48
Asthma-related outcomes

% Symptom days 36.9 21.8 36.8 21.8 36.5 21.5

Average n ED visits 0.8 0.6 2.6 1.71 4.0 2.6

Average n hospitalizations* 0.2 0.1 0.7 0.44 1.0 0.7

Average n urgent care visits 3.8 2.6 11.7 7.81 18.4 11.9

Average months of life (discounted) 102.7 102.9 229.7 229.9 285.5 284.7

Discounted QALM 87.8 90.9 195.4 201.8 239.4 245.6

Discounted symptom days 1136 672 2537 1500 3124 1836
Costs, discounted

Acute asthma care cost ($) 1140 769 2689 1786 3404 2331

Chronic asthma cost, without drug ($) 5184 5187 11,574 11,573 14,252 14,158

Total fracture-related costs ($) 71.5 76 1427 1829 12,609 16,477

Drug cost ($) 0 6955 0 15,517 0 18,985

Total cost ($) 6396 12,988 15,689 30,705 30,265 51,950
Cost-effectiveness ratios

Cost per QALY gained ($/QALY) — 26,040 — 27,948 — 41,952

Cost per SFD gained ($/SFD) — 14.2 — 14.5 — 16.8

ED, Emergency department; SFD, symptom-free day.

*The number of ED visits listed includes visits that did and did not result in hospital admission.

proportion of health care costs associated with acute
asthma-related events decreases, the proportion of health
care costs associated with hip fracture and its morbidity in-
crease (Fig 1, B). However, the effect of ICS on BMD and
the resultant increase in ICER are meaningful only when
patients reach an age >65 years and are attenuated when
one does not assume a continuous linear effect of ICS
on BMD. In sensitivity analyses, assumptions regarding
the dose and effect of ICS on BMD had the most impact
on the ICER, whereas the baseline level of bone health
in the population had only a small influence on the
ICER of ICS use in asthma (Fig 2).

Validation of model: direct effect of ICS
on hip fracture

We examined the association between ICS and hip
fracture indirectly by combining the possible association
of ICS on BMD with the relationship between BMD and
hip fracture rates. To validate our model-based approach,
we compared our results with those published by Hubbard
et al® on the direct relationship between ICS use and hip
fracture rates. Hubbard et al® reported a case-control study
among an elderly population; the mean age of the cases
was 79.> When adjusting for use of oral corticosteroids,
Hubbard et al® observed an increased risk of hip fracture
associated with ICS use (odds ratio [OR], 1.19; CI, 1.10-
1.28). When we examined the effect of ICS on a population
whose starting age was similar (75 years) and treatment
for 3 years, we observed only a minimal increase in the

odds for hip fracture associated with ICS use (OR,
1.01). However, Hubbard et al® reported that the median
duration of prescribing data available for the population
was only 2.7 years; it is likely that individuals used ICS
for longer than the ~3-year period available in the data-
base. Therefore, we repeated our analysis (400 g ICS/
d, weighted average estimate of ICS on BMD) and as-
sumed a longer duration of therapy. We observed the
odds of hip fracture increased to an OR of 1.06 and an
OR of 1.15 for 10 years (starting therapy at age 65 years)
and 20 years (starting therapy at age 55 years) of therapy,
respectively; estimates were similar to those reported by
Hubbard et al® (Table III).

DISCUSSION

Our results suggest that ICS therapy in women with
mild-to-moderate asthma compares favorably with other
uses of health care resources. As an example, Medicare
has recently approved lung volume reduction surgery on
the basis of the results of the National Emphysema
Treatment Trial. Results of that trial showed the cost for
lung volume reduction surgery, even when restricted to the
subpopulation with the greatest benefit, those with upper-
lobe—predominant disease, was $98,000 per QALY
gained over a 2-year period.32 Similarly, the cost of treat-
ment with bisphosphonates for women age 50 years with a
high risk of hip fracture is estimated to be $130,000/
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TABLE Il. Incremental cost-effectiveness ratio ($/QALY) varied across assumptions of ICS dose and effect on monthly rate

of decline in BMD

Weighted High Weighted High Weighted High
Duration of No effect average estimate* No effect average estimate* No effect average estimate*
ICS therapy 200 pg/d 200 pg/d 200 pg/d 400 pg/d 400 pg/d 400 pg/d 1000 png/d 1000 pg/d 1000 pg/d
10y $15,000 $15,000 $15,100 $26,000 $26,000 $26,100 $61,000 $61,200 $61,500
20y $15,000 $15,100 $15,300 $26,000 $26,300 $26,900 $60,800 $62,900 $66,500
30y $15,000 $15,700 $16,800 $26,000 $28,000 $31,000 $60,900 $72,100 $99,700
Lifetime $15,000 $21,300 $32,000 $26,000 $42,000 $84,000 $61,300 $191,700 Dominatedt

*Maximal value obtained from studies among subjects with asthma (—0.00058 g/cm?/y/100 p.g).
TDominated strategies: strategies that are more expensive and deliver fewer benefits than some other approach or combinations of approaches.

QALY. Alternatively, screening exercise electrocardiog-
raphy in 60-year-old asymptomatic but high-risk subjects,
eg, men with diabetes, hypertension, and smoking, has
been estimated to cost 3541,600/QALY.33 However, we
found that the use of high-dose ICS over extended periods
can influence the overall costs and health of a population
with asthma, a result that highlights the importance of
using the lowest possible dose of ICS needed to achieve
asthma control. This is further supported by the dose-
response curve for ICS efficacy among those with mild-
to-moderate persistent asthma. Evidence suggests that
the dose-response curve plateaus, with the majority of
the benefit achieved at low doses (eg, fluticasone propio-
nate 200 pg/d).***%

Although the impact of ICS on BMD is still controver-
sial, evidence of the impact of oral corticosteroids on
bone metabolism and the hypothalamic-pituitary-adrenal
axis has generated continued concern about the use of
ICSs.***7 Although the use of ICS minimizes the systemic
effects, all inhaled preparations have documented sys-
temic absorption,**® and ICS preparations may have
deleterious effects when used at high doses over long
periods.* In addition, individuals may differ in their re-
sponses to both the therapeutic and to toxic effects, even
at more moderate doses.***' In a randomized trial of in-
haled steroid preparations, 6 subjects (4 %) met the criteria
for early study withdrawal by demonstrating a rate of bone
loss at the lumbar spine of >5%, suggesting that some
individuals may be more susceptible than others to the
systemic effects of ICS.*

Our model-based analysis allows evaluation of the
range of parameters considered to influence the potential
association between ICS use and bone health. As an
illustration, we compared the results of our modeling
exercise with the results of 2 published case-control
studies on the relationship between ICS use and rates of
hip fracture. Suissa et al’ published a case-control analysis
within a population-based cohort who received at least
1 respiratory medication and was followed for at least
4 years. Similar to our estimates, they observed no sig-
nificant effect of short-term ICS use on hip fracture risk
when they adjusted for age, sex, and use of other medica-
tions, including oral corticosteroids. In contrast, Hubbard
et al® reported an association between ICS use and hip
fracture rate in a similar case-control analysis. However,

if we made less favorable assumptions in estimating the ef-
fect of ICS on BMD and the duration of therapy, we dem-
onstrated a risk of fracture similar to that published by
Hubbard et al.® ICS has been a pivotal therapy for asthma
for over 2 decades. It is reasonable to assume that the
elderly population included in the study by Hubbard
et al® may have been using ICS for longer than the 2.7
years suggested by the mean duration of dispensing data
available for analysis.

We found that the potential detrimental effect of long-
term ICS use on bone health is sensitive to assumptions
about the baseline BMD and age of the target population.
A decrease of 10% in the baseline BMD of the population
increased the cost-effectiveness ratio for the use of ICS
over a prolonged period. In addition, because the risk of
hip fracture is associated with age,***** targeting patients
with asthma at high risk of fracture for screening and ini-
tiation of prophylaxis may be warranted for individuals
requiring long-term ICS therapy.

Our findings should be interpreted with some caution
because they hinge on several uncertainties, most notably
the efficacy of ICS therapy and its impact on bone health.
Data on the effects of ICS on bone health are limited, with
few placebo-controlled prospective trials having exam-
ined the impact of ICS on BMD and few comparing low-
dose and high-dose ICS. Within the available literature,
cross-sectional and retrospective studies are confounded
by previous oral steroid use, variability of baseline BMD,
and duration of therapy. Although we have conducted
sensitivity analyses to explore the potential impact of
variations in our assumptions, we acknowledge that our
findings in this regard are speculative. They provide
thresholds for the average decrements in BMD that have
been documented with ICS use in a population.

Model-based analyses such as ours make it possible to
synthesize data from multiple sources and offer a practical
framework for managing uncertainty via sensitivity and
what-if analysis.“s’46 They also help to set priorities for
further data acquisition®” when the data available from
traditional forms of investigation are inconclusive. Model-
based analyses also permit the analyst to extrapolate
beyond time horizons, geographic settings, and target
populations.@‘49

A second limitation is that we did not assess the
independent impact of oral corticosteroid bursts used in
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FIG 1. Cost components as a function of time. A, Actual costs (2003 US dollars) divided into cost components
(fracture-related costs, chronic asthma-related costs [excluding drugs], acute event costs, and drug costs).
B, Cost as a percentage of total costs. Example: for a lifetime horizon and no ICS, fracture-related costs
were 42% of total costs, compared with 32% with ICS therapy.

the treatment of asthma exacerbations. ICS use is associ-
ated with a decreased risk of exacerbations, and therefore
is associated with a decrease in the use of oral corticoste-
roid bursts. The inclusion of the impact of oral steroid use
on bone health could alter the ICER in favor of ICS use. In

addition, our model examines the association between ICS
and hip fracture indirectly by combining the effect of ICS
on BMD with the relationship between BMD and hip
fracture rates. BMD may capture only part of the impact of
steroids on fracture risk. However, when we compare our
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FIG 2. Incremental cost-effectiveness. The results of a series of 1-way sensitivity analyses are summarizedin a
tornado diagram. Each horizontal bar represents a given model parameter. The vertical axis sits at the base-
case (400 pg/d, weighted average of effect of ICS on BMD for a lifetime time horizon) incremental cost-
effectiveness estimate ($42,000/QALY). The length and position of a given horizontal bar denote the range
of cost-effectiveness outcomes produced by varying that specific parameter over its plausible range.

TABLE lil. Hip fracture incidence rate: impact of ICS therapy (base case = 400 pg/d, weighted average of effect of

ICS on BMD)
Risk of fracture in Risk of fracture in

Starting age Duration of ICS treatment ICS treatment group no-treatment group OR
35 Lifetime 0.241 0.192 1.33
45 30y 0.050 0.040 1.26
55 20y 0.045 0.040 1.15
65 10y 0.035 0.033 1.06
75 3y 0.023 0.023 1.01

results with published analyses, which evaluated the direct
effect of ICS use on fracture risk controlled for oral steroid
use, our model-based estimates are consistent with these
published results. We assembled cost data from a variety
of sources, reflecting different patient populations and
specific size, quality, and design limitations. As acknowl-
edged previously in the initial development of our model,
we estimated our HRQOL weights from relatively few
studies. We used FEV percent predicted as the primary
severity marker, and other factors may independently pre-
dict use and HRQOL. Finally, we have limited our analy-
sis to women. Yet the overall incidence of fractures in
women climbs steeply and becomes twice that in men.*?
Also, the available data on the relationship between
BMD and fracture risk are best defined among female
populations.

CONCLUSION

Although the economic attractiveness of ICS therapy is
dependent on assumptions regarding the impact of ICS on
BMD and resultant fracture rate, ICS therapy in mild/

moderate asthma compares favorably with commonly
accepted interventions over a wide range of assumptions
regarding this treatment. Because of the potential impact
of high doses of ICS over prolonged periods, risk can
be minimized by using the lowest effective dose and
by identifying high-risk individuals for appropriate
intervention.

GLOSSARY?%45%0

Markov model (Markov, state transition simulation).
A simulation that models chronic disease, such as
asthma, as a series of health states. The natural history
of a disease is modeled as a series of transitions be-
tween health states over time.

Quality-adjusted life-years (QALYs). A health out-
come measure that combines quality of life, as deter-
mined by some valuation process (eg, time tradeoff),
and length of life. One year in perfect health equals
1 QALY or 12 quality-adjusted life-months (QALM:s).
One year in a health state that is rated by the patient
as 40% of perfect health equals 0.4 QALY (or 4.8
QALMs).
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Cost-effectiveness ratio. The added cost of attaining a
unit of health effect. The numerator represents the
cost difference between the health care intervention
and its alternative, whereas the denominator is the dif-
ference in health effect (ie, clinical or quality of life
outcome), measured in natural units, between the inter-
vention and its alternative. In this study, cost-effective-
ness ratios are reported in cost per QALY and cost per
symptom-free day.

Time tradeoff. A quality of life (utility) measure derived
by asking patients a series of questions; the responses
result in an expression of the value of time spent in the
current health state in terms of time spent in perfect
health.

Direct cost. The value of all goods, services, and other
resources that are consumed in the provision of an in-
tervention or in dealing with the side effects or other
current and future consequences linked to it.

Indirect costs (also known as productivity costs).The
value of lost time or reduced productivity resulting
from morbidity or premature mortality because of a
medical condition or treatment as well as the value
of informal care-giving costs.

Discount rate (annual). The rate used to convert both
future costs and future health effects to their current
values.

Dominated strategies. Strategies that were more expen-
sive and delivered fewer benefits than some other ap-
proach or combinations of approaches.

Sensitivity analysis. A series of repeated analyses in
which input data are systematically varied across a
range of values. This can assess how variation in im-
portant input variables and assumptions affects the
cost-effectiveness ratio.

Base case. The baseline analysis to which alternative
scenarios are compared when performing the sensitiv-
ity analysis.

REFERENCES

1. National Asthma Education and Prevention Program Expert Panel Re-
port 2: guidelines for the diagnosis and management of asthma. Bethesda
(MD): National Institutes of Health; 1997. Pub no 97-4051.

2. Adams RJ, Fuhlbrigge A, Finkelstein JA, Lozano P, Livingston JM,
Weiss KB, et al. Use of inhaled anti-inflammatory medication in children
with asthma in managed care settings. Arch Pediatr Adolesc Med 2001;
155:501-7.

3. Fuhlbrigge AL, Adams RJ, Guilbert TW, Grant E, Lozano P, Janson SL,
et al. The burden of asthma in the United States: level and distribution
are dependent on interpretation of the national asthma education and pre-
vention program guidelines. Am J Respir Crit Care Med 2002;166:
1044-9.

4. Martin RJ, Szefler SJ, Chinchilli VM, Kraft M, Dolovich M, Boushey
HA, et al. Systemic effect comparisons of six inhaled corticosteroid prep-
arations. Am J Respir Crit Care Med 2002;165:1377-83.

5. Paltiel AD, Fuhlbrigge AL, Kitch BT, Liljas B, Weiss ST, Neumann PJ,
et al. Cost-effectiveness of inhaled corticosteroids in adults with mild-to-
moderate asthma: results from the asthma policy model. J Allergy Clin
Immunol 2001;108:39-49.

6. Halpern MT, Schmier JK, Van Kerkhove MD, Watkins M, Kalberg CJ.
Impact of long-term inhaled corticosteroid therapy on bone mineral den-
sity: results of a meta-analysis. Ann Allergy Asthma Immunol 2004;92:
201-7.

10.

12.

13.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Fuhlbrigge et al 365

. Suissa S, Baltzan M, Kremer R, Emst P. Inhaled and nasal

corticosteroid use and the risk of fracture. Am J Respir Crit Care Med
2004;169:83-8.

. Hubbard RB, Smith CJ, Smeeth L, Harrison TW, Tattersfield AE. In-

haled corticosteroids and hip fracture: a population-based case-control
study. Am J Respir Crit Care Med 2002;166:1563-6.

. van Staa TP, Leufkens HG, Cooper C. Use of inhaled corticosteroids and

risk of fractures. J Bone Miner Res 2001;16:581-8.

Tattersfield AE, Town GI, Johnell O, Picado C, Aubier M, Braillon P,
et al. Bone mineral density in subjects with mild asthma randomised to
treatment with inhaled corticosteroids or non-corticosteroid treatment
for two years. Thorax 2001;56:272-8.

. Wong CA, Walsh LJ, Smith CJ, Wisniewski AF, Lewis SA, Hubbard R,

et al. Inhaled corticosteroid use and bone-mineral density in patients with
asthma. Lancet 2000;355:1399-403.

Israel E. Effects of inhaled glucocorticoids on bone density in premeno-
pausal women. N Engl J Med 2001;345:941-7.

Jones A, Fay JK, Burr M, Stone M, Hood K, Roberts G. Inhaled corti-
costeroid effects on bone metabolism in asthma and mild chronic ob-
structive pulmonary disease. Cochrane Database Syst Rev 2002:
CD003537.

. Medici TC, Grebski E, Hacki M, Ruegsegger P, Maden C, Efthimiou J.

Effect of one year treatment with inhaled fluticasone propionate or beclo-
methasone dipropionate on bone density and bone metabolism: a rando-
mised parallel group study in adult asthmatic subjects. Thorax 2000;55:
375-82.

. Egan JJ, Maden C, Kalra S, Adams JE, Eastell R, Woodcock AA. A ran-

domized, double-blind study comparing the effects of beclomethasone
and fluticasone on bone density over two years. Eur Respir J 1999;13:
1267-75.

Li JT, Ford LB, Chervinsky P, Weisberg SC, Kellerman DJ, Faulkner
KG, et al. Fluticasone propionate powder and lack of clinically signifi-
cant effects on hypothalamic-pituitary-adrenal axis and bone mineral
density over 2 years in adults with mild asthma. J Allergy Clin Immunol
1999;103:1062-8.

. Hughes JA, Conry BG, Male SM, Eastell R. 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;
54:223-9

Struijs A, Mulder H. The effects of inhaled glucocorticoids on bone mass
and biochemical markers of bone homeostasis: a 1-year study of beclo-
methasone versus budesonide. Neth J Med 1997;50:233-7.

Pauwels RA, Yernault JC, Demedts MG, Geusens P. Safety and efficacy
of fluticasone and beclomethasone in moderate to severe asthma.
Belgian Multicenter Study Group. Am J Respir Crit Care Med 1998;
157:827-32.

Fuhlbrigge A, Paltiel AD, Kitch B, Rashti, Weiss ST, Lee SJ, et al. Cost-
effectiveness of inhaled steroids in asthma: impact of effects on BMD.
Am J Respir Crit Care Med 2003;167:A38.

Cooper C, Melton L Jr. Epidemiology of osteoporosis. Trends Endocri-
nol Metab 1992;3:224-9.

Melton L Jr, Kan SH, Wahner HW, Riggs BL. Lifetime fracture risk: an
approach to hip fracture risk assessment based on bone mineral density
and age. J Clin Epidemiol 1988;41:985-94.

Wasnich RD. Epidemiology of osteoporosis. In: Favus MJ, Christakos S,
editors. Primer on the metabolic bone diseases and disorders of mineral
metabolism. 4th ed. Philadelphia (PA): Lippincott Williams & Wilkins;
1999. p. 257-9.

Pauwels RA. Long-term treatment with inhaled budesonide in persons
with mild chronic obstructive pulmonary disease who continue smoking.
European Respiratory Society Study on Chronic Obstructive Pulmonary
Disease. N Engl ] Med 1999;340:1948-53.

Lung Health Study Research Group. Effect of inhaled triamcinolone on
the decline in pulmonary function in chronic obstructive pulmonary dis-
ease. N Engl J Med 2000;343:1902-9.

Gold MR, Siegel JE, Russel LB, Weinstein MC, editors. Cost-effective-
ness in Health and Medicine. Report of the Panel on Cost-Effectiveness
in Health and Medicine. New York: Oxford University Press; 1996.
Moy ML, Fuhlbrigge AL, Blumenschein K, Chapman RH, Zillich AJ,
Kuntz KM, et al. Association between preference-based health-related
quality of life and asthma severity. Ann Allergy Asthma Immunol
2004;92:329-34.



366 Fuhlbrigge et al

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Tosteson AN, Gabriel SE, Grove MR, Moncur MM, Kneeland TS,
Melton L Jr. Impact of hip and vertebral fractures on quality-adjusted
life years. Osteoporos Int 2001;12:1042-9.

Solomon DH, Kuntz KM. Should postmenopausal women with rheuma-
toid arthritis who are starting corticosteroid treatment be screened for
osteoporosis? a cost-effectiveness analysis. Arthritis Rheum 2000;43:
1967-75.

Bureau of Labor Statistics. Consumer Price Index (CPI) detailed report.
US Department of Labor; 2004.

LoCascio V, Bonucci E, Imbimbo B, Ballanti P, Adami S, Milani S, et al.
Bone loss in response to long-term glucocorticoid therapy. Bone Miner
1990;8:39-51.

Ramsey SD. Surgical and endoscopic therapy for COPD: the NETT and
beyond. Orlando (FL): American Thoracic Society Annual Conference;
2004.

Harvard Center for Risk Analysis. The CEA Registry: standardizing the
methods and practices of cost-effectiveness analysis. Boston: Harvard
School of Public Health; 2005.

Powell H, Gibson PG. High dose versus low dose inhaled corticosteroid
as initial starting dose for asthma in adults and children. Cochrane Data-
base Syst Rev 2005;4.

Gershman NH, Wong HH, Liu JT, Fahy JV. Low- and high-dose flutica-
sone propionate in asthma; effects during and after treatment. Eur Respir
J2000;15:11-8.

van Staa TP, Leufkens HG, Abenhaim L, Zhang B, Cooper C. Oral cor-
ticosteroids and fracture risk: relationship to daily and cumulative doses.
Rheumatology (Oxford) 2000;39:1383-9.

Wong CA, Subakumar G, Casey PM. Effects of asthma and asthma ther-
apies on bone mineral density. Curr Opin Pulm Med 2002;8:39-44.
Allen DB, Bielory L, Derendorf H, Dluhy R, Colice GL, Szefler SJ.
Inhaled corticosteroids: past lessons and future issues. J Allergy Clin
Immunol 2003;112:S1-40.

Sorkness CA. Establishing a therapeutic index for the inhaled cortico-
steroids, part II: comparisons of systemic activity and safety among

40.

41.

42.

43.

44,

46.

47.

48.

49.

50.

J ALLERGY CLIN IMMUNOL
FEBRUARY 2006

different inhaled corticosteroids. J Allergy Clin Immunol 1998;102:
S52-64.

Todd GR, Acerini CL, Buck JJ, Murphy NP, Ross-Russell R, Warner JT,
et al. Acute adrenal crisis in asthmatics treated with high-dose fluticasone
propionate. Eur Respir J 2002;19:1207-9.

Adams N, Bestall J, Jones PW. Budesonide for chronic asthma in chil-
dren and adults. Oxford, UK: The Cochrane Library; 2002.

Kemp JP, Osur S, Shrewsbury SB, Herje NE, Duke SP, Harding SM,
et al. Potential effects of fluticasone propionate on bone mineral density
in patients with asthma: a 2-year randomized, double-blind, placebo-con-
trolled trial. Mayo Clin Proc 2004;79:458-66.

Riggs BL, Melton L Jr. Involutional osteoporosis. N Engl J Med 1986;
314:1676-86.

US Preventive Services Task Force. Screening for osteoporosis in post-
menopausal women: recommendations and rationale. Ann Intern Med
2002;137:526-8.

. Krahn MD, Naglie G, Naimark D, Redelmeier DA, Detsky AS. Primer

on medical decision analysis, part 4: analyzing the model and interpreting
the results. Med Decis Making 1997;17:142-51.

Pauker SG, Kassirer JP. The threshold approach to clinical decision
making. N Engl J Med 1980;302:1109-17.

Paltiel AD. Model-based drug evaluation in chronic disease: promise,
pitfalls, and positioning. Drug Info J 2001;35:131-9.

Weinstein MC, Coxson PG, Williams LW, Pass TM, Stason WB, Gold-
man L. Forecasting coronary heart disease incidence, mortality, and cost:
the Coronary Heart Disease Policy Model. Am J Public Health 1987;77:
1417-26.

Hay J, Jackson J. Proceedings of the Advisory Panel Meeting and Con-
ference on Pharmacoeconomic Issues, Panel 2: Methodological Issues in
Conducting Pharmacoeconomic Evaluations—Modeling Studies. Value
Health 1999;2:78-81.

Pashos CL, Klein EG, Wanke LA, editors. ISPOR Lexicon. Princeton
(NJ): International Society for Pharmacoeconomics and Outcomes
Research; 1998.



	Cost-effectiveness of inhaled steroids in asthma: Impact of effect on bone mineral density
	Methods
	Analytic overview: The Asthma Policy Model
	Target population
	Input data
	Sensitivity analysis

	Results
	Cost-effectiveness of ICS incorporating the effects of ICS on BMD
	Sensitivity analysis
	Validation of model: direct effect of ICS on hip fracture

	Discussion
	Conclusion
	Glossary
	References


