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ABSTRACT: Early intervention with budesonide is an effective strategy for mild
persistent asthma, which has been shown to provide additional clinical benefits at a low
incremental cost using USA cost data. The present authors analysed whether this
strategy would be cost-effective using cost data for other countries.

Based on the 3-yr prospective, randomised, double-blind inhaled Steroid Treatment
As Regular Therapy (START) in early asthma study (comparing budesonide and
placebo combined with usual asthma therapy), the cost-effectiveness was estimated
separately for eight different countries, from both healthcare payer and societal
perspectives, of adding budesonide to usual asthma therapy. Local unit costs were
applied to data for the total trial population. Incremental cost-effectiveness ratios
(ICER) were estimated as cost per symptom-free day (SFD) gained.

Budesonide increased SFDs by an average of 14.1 days annually. From a healthcare
payer perspective, budesonide would reduce the total cost of asthma care in Australia.
In Sweden, Canada, France, Spain, UK, China and the USA, the ICER ranged from
US$2.4–11.3 per SFD. From a societal perspective, budesonide would be cost-saving in
Australia, Canada and Sweden.

In conclusion, for countries where costs with budesonide are higher, the policy
implication has to be determined by that health system9s willingness to pay for an
additional symptom-free day. However, where budesonide therapy increases symptom-
free days and reduces total costs, the policy conclusion clearly favours early
intervention.
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The inhaled Steroid Treatment As Regular Therapy
(START) in early asthma study demonstrated the effective-
ness of adding low-dose budesonide (Pulmicort1, Turbuha-
ler1) to usual asthma therapy in patients with mild persistent
asthma. The trial includedw7,000 patients from 32 countries.
Budesonide significantly reduced the risk of a first severe
asthma-related event, reduced hospital days and emergency
room visits and increased the number of symptom-free days
(SFDs) [1, 2]. Early intervention with budesonide provided
these clinical benefits at a low incremental cost, based on an
analysis of data from all patients in this international trial,
where patient-specific resource use was valued using a price
vector of unit costs for the USA [2].

However, if economic analyses are to influence policy
decisions, it is important to establish whether the same policy
conclusions about cost-effectiveness can be drawn for other
countries involved in the trial and for other countries to which
the policy implications might be extrapolated. Relative prices

vary significantly between healthcare systems in different
countries [3], and a number of different methods may be used
to reflect the variation in relative prices [4].

The current report analyses the extent to which the
different relative unit costs in particular countries may
change the policy conclusions that budget holders, formulary
committees or reimbursement agencies may draw from the
study.

Methods

The design of the START study and the details of the
methods employed in the health-economic analysis have
previously been reported in full [2, 5, 6]. A brief review of the
general design and methods, as well as details of those specific
to the analysis in the present report, are provided below.
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Overview of the START trial

In a double-blind trial, 7,165 patients, aged 5–66 yrs, with
mild persistent asthma (diagnosed f2 yrs) and no previous
regular treatment with inhaled corticosteroids were rando-
mised to receive low-dose budesonide Turbuhaler1 q.d.
(200 mg for children v11 yrs and 400 mg for others) or
placebo for 3 yrs, in addition to their usual asthma
medication. There were no restrictions regarding type or
dose of concurrent asthma therapy and inhaled cortico-
steroids that could be added in either arm. Thus, in this
pragmatic study, the placebo arm approximates usual asthma
therapy, as would be practised in the various participating
countries [1, 5].

Effectiveness and resource data collection

SFDs, defined as a 24-h period with no asthma symptoms,
were pre-defined as the primary measure of effectiveness for
the economic analysis [2, 6–8]. Healthcare resource use data
were collected prospectively, and comprised the costs from a
healthcare payer perspective. The number of days a patient
missed work due to asthma (and for children, the number of
days they missed school or their caregiver missed work) were
self-reported and are included in the analysis from the societal
perspective. For patients who dropped out of the trial, both
resource use and effectiveness data were linearly extrapolated
to the full 3-yr study period.

Unit-cost estimation

In the primary analysis of cost-effectiveness, resource use
was valued using appropriate USA unit cost data [2]. In the
present analysis, relevant unit costs were obtained for seven
additional countries (Australia, Canada, China, France,
Spain, Sweden and the UK). Together, the eight countries
represented y35% of the total trial population. These
countries were chosen for the following reasons: to reflect a
range of expected cost profiles; to take into account those
countries where cost-effectiveness information is seen as
playing an increasingly important role in the determination
of healthcare policy and coverage; and subject to a constraint
of access to appropriate and robust cost data.

The precise sources of the unit cost data varied by country,
but, wherever possible, the most appropriate locally derived
and published (or publicly available) sources were used.
Drawing on local expertise, relevant cost estimates were
obtained from each country for the various items of resource
use measured in the trial. Where necessary, these costs were
adjusted using appropriate national price indices to a
common price basis of 1999. The cost of a day9s absence
from work was calculated using the human capital approach,
and absences from school were given the same value as
absences from work. For each country, details of the sources
and values for each of the main resource use items are shown
in table 1 [9–43].

International comparisons

The figures obtained were provided in local currency units,
which are, of course, the most relevant to local decision-makers.
For the purpose of comparison between countries, the
purchasing power parity (PPP) method was used as the
appropriate basis for comparison [4]. Local prices were
converted into a common basis in 1999 US dollars using

gross domestic product (GDP) PPP exchange rates [44]. Use
of simple exchange rate conversion factors, reflecting the
average official/market exchange rate between the local
currency and US dollars during the year in question would
have been more familiar to readers, but would not have taken
account of the relative internal purchasing power of the local
currency. The latter factor is reflected in overall GDP PPPs,
which reflect what different currencies will purchase in terms
of goods and services in the domestic market relative to what
a dollar would purchase in the USA [45].

Cost-effectiveness

Using resource use data for all patients, regardless of the
country in which they were recruited, patient-specific costs
were calculated for each patient in the budesonide and usual
asthma therapy arms using each of these eight price vectors as
eight separate analyses. Then, for each price vector, incre-
mental cost-effectiveness ratios (ICERs) were calculated as
the difference in costs divided by the difference in SFDs. The
same analytical methods as originally presented using the
USA unit cost vector were used here [2]. Separate ICERs were
calculated for the healthcare payer perspective and for the
societal perspective. Costs and outcomes were both dis-
counted at 3%, reflecting the accepted international reference
case [46]. Cases of dominance (where there were more SFDs
and lower costs) are represented as negative ICERs to
facilitate the representation of the 95% confidence interval
around the point estimate.

Results

Baseline characteristics of trial participants have been
described by PAUWELS et al. [1]. In short, the mean age was
24 yrs, 54% were female, the mean pre-bronchodilator FEV1

was 86.4% predicted and the average duration of asthma was
0.7 yrs (table 2). Early intervention with budesonide reduced
the hazard rate for the primary clinical endpoint of severe
asthma-related events (defined as an event requiring hospita-
lisation or emergency treatment due to worsening of asthma
or death due to asthma) by 44% (pv0.001). On average,
budesonide-treated patients experienced 14.1 more SFDs per
year (pv0.001), had 69% fewer hospital days (pv0.001) and
67% fewer emergency room visits (pv0.05) compared with
those who received only usual asthma therapy. Quantities of
resource use by main category are presented in table 3.

Table 4 presents the ICERs in local currency, the regular
exchange rates and the GDP PPP rates by country used for
comparison between countries. Negative ICERs here show
that early intervention with budesonide for Australia would
be dominant from both the healthcare payer and societal
perspectives, and would also be dominant for Canada and
Sweden but from the societal perspective only.

The ratios between the PPP-adjusted rate and the exchange
rate are fairly similar for France, UK and Sweden (1.06, 1.17
and 1.18, respectively); for each of these countries, internal
price levels mean that the exchange rate comparison with the
dollar overstates the internal purchasing power of the
currencies. The ratios for Australia, Spain and Canada are
0.87, 0.84 and 0.80, respectively; for these, the exchange rates
understate the internal purchasing power. The extreme case is
China, with a ratio of 0.22, indicating that the internal
purchasing power of the Yuan is more than four times that
implied by the exchange rate.

Figures 1 and 2 show the PPP-adjusted ICERs for each
country9s set of relative prices. From the healthcare payer
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perspective, there are notable differences between countries;
the USA being at the upper end of the range, with overall
results very similar to China. At the other extreme is
Australia, where early intervention with budesonide is
dominant, providing additional SFDs whilst reducing health-
care costs by US$21 per patient per year (pv0.05). For
Sweden and Canada, the ICERs would be relatively small
from the healthcare payer perspective and dominant from the

societal perspective, where the intervention would generate
savings of US$48 (p=0.01) and US$44 (pv0.1) per patient per
year, respectively. Spain, France and the UK lie in the middle
of the range.

Discussion

There is no clear agreement on how best to represent the
cost-effectiveness results from a large trial that includes
patients from many countries in order to facilitate appro-
priate interpretation of the results [47–52]. The original
analysis of the cost-effectiveness of early intervention with
low-dose budesonide by the present authors concluded that
the ICER (in terms of incremental cost per SFD) seemed
acceptably low when analysed in terms of USA unit costs [2].
The present study shows how the cost-effectiveness of early
intervention with budesonide varies with the different unit
costs that apply to healthcare systems in different countries.
With the exception of the analysis with Chinese unit costs,
from the societal perspective these analyses demonstrate more
favourable ICERs than the original analysis with USA unit
costs. For some countries there is an added cost for the
additional clinical benefits received, whereas other countries
show cost savings by using budesonide as early intervention.
For those countries where there was an added cost, the ICER
ranged from US$2.4–11.3 (healthcare perspective) and
US$0.1–9.2 (societal perspective).

The current study is the first to measure incremental cost
per SFD for early intervention in mild asthma. Earlier studies
were of mild-to-moderate and moderate-to-severe asthma,
where the potential for cost-offsets is greater and, therefore,
the ICERs were likely to be lower. RUTTEN-VAN MÖLKEN

et al. [53] calculated an ICER of US$5.35 per SFD (healthcare
perspective) for the addition of inhaled corticosteroids (ICS)
in moderate-to-severe asthma and/or chronic obstructive
pulmonary disease. Investigating the impact of an inner-city
based education programme for children with asthma,
SULLIVAN et al. [54] estimated an ICER of US$9.20 per
SFD (healthcare perspective). Furthermore, PALTIEL et al.
[55] reported an ICER of US$7.50 per SFD (societal
perspective) for the addition of ICS in mild-to-moderate
asthma.

Whether these ICERs provide good value for money or not
will depend on the local situation. However, it would be
helpful to compare these results to those in other therapeutic
areas. One of the difficulties is that the SFD is a disease-
specific measure of effectiveness. An effectiveness measure
that can be used in any disease area is the quality-adjusted
life-year (QALY). CHAPMAN et al. [56] found 14 studies on
economic evaluations of the respiratory system using QALYs.
For these studies, the median ICER was US$40,500 per
QALY. There is an ongoing debate about what cost per

Table 2. – Demographics, clinical characteristics and drug
use at baseline for usual asthma therapy plus placebo or
budesonide

Variable Placebo Budesonide

Age yrs 24.3¡14.8 23.7¡14.6
Distribution

5–10 yrs 27.3 27.8
11–17 yrs 16.3 17.8
w18 yrs 56.4 54.4

Sex female 54.0 54.2
SFDs in past 14 days 9.05¡3.76 9.03¡3.79
Distribution

0 days 8.8 8.6
1–3 days 34.6 36.3
4–7 days 35.8 33.5
w7 days 20.8 21.6

Smoking status#

Active 20.3 20.5
Passive 30.1 28.0
Never 49.6 51.5

Duration of asthma
v3 months 35.7 36.8
3–v6 months 13.3 14.4
6–v12 months 16.9 15.5
w1 yr 34.1 33.3
Mean duration yrs 0.7 0.7

Pre-bronchodilator FEV1 % pred 86.6¡13.9 86.3¡13.9
Drug use at study start}

Inhaled CS 5.1 4.9
Oral/systemic CS 4.5 4.0
Short-acting b2 agonist 64.6 63.5
Long-acting b2 agonist 3.1 2.6
Xanthine 11.4 11.4
Cromone 7.5 7.9
Leukotriene modifier 0.1 0.1
Other 11.9 12.6
None 24.3 24.6

Data are presented as mean¡SD or %. SFD: symptom-free day; FEV1:
forced expiratory volume in one second; CS: corticosteroids; % pred:
per cent predicted. #: active denotes current or previous smoker, passive
denotes passive but not active smoker, never denotes neither active nor
passive smoker; }: percentage of patients receiving additional anti-
asthma therapy on the 6 weeks preceding the entry visit. N=3,568 for
placebo and n=3,597 for budesonide.

Table 3. – The 3-yr healthcare resource use rates by treatment group

Resource Usual asthma therapy} Budesonidez Overall difference# (% difference)

Hospital days 0.55¡0.12 0.17¡0.03 -0.38¡0.12*** (-69)
Emergency visits 0.09¡0.02 0.03¡0.01 -0.06¡0.03* (-67)
Physician visits 2.03¡0.07 1.30¡0.05 -0.73¡0.09*** (-36)
Nurse visits 0.13¡0.02 0.08¡0.01 -0.05¡0.02** (-38)
Telephone contacts 0.64¡0.04 0.42¡0.03 -0.22¡0.05*** (-34)
Work and school days lost 5.16¡0.35 3.22¡0.22 -1.94¡0.42*** (-37)
Caregiver work days lost 0.71¡0.10 0.53¡0.08 -0.18¡0.13 (-25)

Data are presented as mean¡SE. #: difference=budesonide–usual asthma therapy; % difference=1006(budesonide–usual asthma therapy)/usual
asthma therapy; z: n=3,568; }: n=3,797; Statistical test of difference: stratified Wilcoxon test for hospital days and stratified z-test for other items;
Tests were two-tailed; *: pv0.05; **: pv0.01; ***: pv0.001.
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QALY constitutes good value for money. It has been shown
that the National Institute for Clinical Excellence (NICE) in
the UK seems to be willing to fund interventions with a cost
per QALYv£30,000 (equivalent to US$47,000, exchange rate
on April 2, 2003) [57] and US$50,000 is commonly referred to
as the acceptable threshold in the USA [46]. In the study by
PALTIEL et al. [55], one of the very few studies in asthma
which used both QALYs and SFDs, the ICER of US$7.50 per
SFD translated into an ICER of US$13,500 per QALY. Thus,
their estimate of US$7.50 is consistent with an incremental
cost per QALY well within the limits of what appears to be
acceptable in the UK and the USA. If this same relationship
between cost per SFD and cost per QALY applies to ICERs
for budesonide as early intervention, it too would appear to
provide good value for money (at least for these two
countries).

It is widely accepted that, in comparisons between countries
such as those made in this study, it is more appropriate to use
GDP PPP conversion rates rather than regular exchange rates
[4]. For the countries studied here, the differences between the
two sets of rates were substantial, with ratios of PPP rates to
exchange rates ranging 1.18–0.22. The extreme case was that
of China, where the PPP rate reflects a low-wage economy.
These different ratios emphasise the impact of the decision to
use PPP rates rather than exchange rates when comparing the
ICERs, on the basis that the former more accurately reflect
the opportunity cost of the resources within the economy [5].

The present study shows that there can be a complex
pattern of differences in ICERs between countries when local

relative prices are taken into account and that data based on
one initial set of unit costs will not necessarily be gener-
alisable. Whilst it shows that the absolute values of the ICERs
are fairly sensitive to relative price structures, it is more
difficult to judge whether the policy implications are similarly
sensitive. The policy implications depend on a judgement
made nationally or locally as to what is an acceptable price to
pay for an additional health benefit, in this case an additional
SFD. Whilst the use of GDP PPP-adjusted exchange rate
comparisons provides a degree of comparability between the
figures (in each case the generalised GDP opportunity cost of
US$1.00 spent on this therapy is approximately the same),
there is no reason to presume that willingness to pay for an
SFD will be the same in each country. Willingness to pay may
vary between systems with different social priorities and
indeed between decision-makers within them. The current
authors know of no systematic attempt to compare these
values between countries, although the perceived threshold
values for an acceptable cost per quality-adjusted survival (as
discussed previously) may provide some indication of relative
willingness to pay for health gains.

The current analysis takes full account of locally relevant
unit costs of resources in eight different countries and, thus,
represents a step towards understanding national differences
in cost-effectiveness of this therapy. However, the authors
know that the pattern and level of resource use for the
treatment of asthma in the usual-care setting will differ
between countries (reflecting a range of factors, including
availability of healthcare resources, culture, history, etc.), and

Table 4. – Incremental cost-effectiveness ratios (ICERs) in local currency, the exchange rates and the gross domestic product
purchasing power parity (PPP) rates

Country Local currency Healthcare payer Societal perspective Exchange rates PPP rates
perspective ICER (95% CI) ICER (95% CI) 1999 1999

USA US Dollars 11.3 (8.6–14.9) 3.7 (0.1–8.0) 1 1
Australia Australian Dollars -2.2 (-4.3– -1.0) -10.8 (-15.7– -6.2) 1.5 1.3
Canada Canadian Dollars 4.1 (2.0–6.5) -3.7 (-7.9–0.5) 1.5 1.2
China Chinese Yuan 19.6 (12.5–28.5) 16.5 (9.2–25.5) 8.3 1.8
France French Francs 34.2 (24.6–46.6) 0.6 (-16.3–18.9) 6.2 6.6
Spain Spanish Pesetas 802 (615–1052) 159 (-117–470) 156.2 130.6
Sweden Swedisk Krona 23.9 (11.6–38.9) -33.5 (-59.7– -7.1) 8.3 9.8
UK British Pounds 4.7 (3.7–6.1) 0.9 (-0.7–2.6) 0.6 0.7

Number of randomised patients: USA n=895; Australia n=85; Canada n=114; China n=869; France n=114; Spain n=291; Sweden n=120; UK n=39;
The currency of France and Spain is now Euro; Exchange rates were set to 1 Euro equals FRF6.55957 and ESP166.386, respectively.
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Fig. 2. – Purchasing power parity-adjusted incremental cost-effectiveness
ratios for each country9s set of relative prices from the societal
perspective. Data are presented as 95% confidence intervals around
the point estimate. SFD: symptom-free day; Aus.: Australia.
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Fig. 1. – Purchasing power parity-adjusted incremental cost-effectiveness
ratios for each country9s set of relative prices from the healthcare
payer perspective. Data are presented as 95% confidence intervals
around the point estimate. SFD: symptom-free day; Aus.: Australia.
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this has not been taken into account in the present analysis.
Additionally, the current analysis does not take into account
the possibility that the incremental benefit might differ
between countries as a result of differences in relative clinical
effectiveness between budesonide and usual asthma therapy,
or between perceptions and behavioural differences in what
constitutes a SFD. The present study was not powered to
permit subgroup analysis by country. In a study with fewer
countries, it might have been possible to estimate country-
specific effects or to adjust results using proxy variables
such as GDP or other factors that might be found to influence
cost-effectiveness.

Conclusions

Early intervention with budesonide has been shown to be
an effective therapy in patients with mild persistent asthma,
significantly improving symptom-free days, and reducing
hospitalisations and emergency room visits. The current
report shows that, in some of the analysed countries, these
benefits are achieved at a lower total cost (i.e. budesonide
therapy is dominant), whereas in other countries it comes at a
small incremental cost. This analysis emphasises that the
incremental costs will vary with local unit costs (prices) and
that care should be taken when extrapolating results based on
one country9s relative prices to other countries. Where the
incremental cost-effectiveness ratio is positive, however high
or low, the policy implication can only be judged locally, on
the basis of the health system9s willingness to pay for an
additional symptom-free day. However, in those situations
where budesonide provides more health benefits at a lower
cost, the policy conclusion is unambiguously in favour of
early intervention.
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