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ABSTRACT: Recent data suggest that inhaled corticosteroids reduce the number of
clinical exacerbations in chronic obstructive pulmonary disease (COPD). It remains
unknown whether a dose/response relationship exists. The present study was conducted
to evaluate the long-term impact of varying doses of inhaled corticosteroids on COPD
mortality.
Hospital discharge data were used to identify all patients aged o65 yrs recently

hospitalised due to COPD in Alberta, Canada (n=6,740). The relative risk (RR) for all-
cause mortality was compared across different dose categories of inhaled cortico-
steroids (none and low, medium and high doses) following hospital discharge.
Inhaled corticosteroid therapy after discharge was associated with a 25% relative

reduction in risk for all-cause mortality (RR 0.75, 95% confidence interval (CI)
0.68–0.82). Patients on medium- or high-dose therapy showed lower risks for mortality
than those on low doses (RR 0.77, 95% CI 0.69–0.86 for low dose; RR 0.48, 95% CI
0.37–0.63 for medium dose; and RR 0.55, 95% CI 0.44–0.69 for high dose).
Use of inhaled corticosteroids following hospital discharge for chronic obstructive

pulmonary disease was associated with a significant reduction in the overall mortality
rate. Low- was inferior to medium- or high-dose therapy in protecting against mortality
in chronic obstructive pulmonary disease.
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Chronic obstructive pulmonary disease (COPD) is
one of the leading causes of morbidity and mortality
in the world and the only major cause of mortality
whose incidence is rising [1]. Best estimates suggest
that, by the year 2020, COPD will be the fifth leading
cause of disability (currently twelfth) [2] and the third
leading cause of mortality (currently fourth) if current
trends continue [3]. Ironically, COPD is the most
underfunded disease in relation to its burden of illness
on society [4]

Although some progress has been made in the
diagnosis and treatment of COPD during the 1990s,
there is a scarcity of therapies that can effectively
ameliorate the inevitable decline in lung function or
health status of patients suffering from this disorder
[5]. Since chronic airway inflammation is a prominent
feature of COPD [6], some have suggested that inhaled
corticosteroids may improve the health outcomes of
COPD patients [7]. Although data to date have been
mixed, the totality of evidence suggests that they reduce
the number of clinical exacerbations [8] and retard the
decline in health status of COPD patients [9] without
significantly modifying the rate of decline in forced
expiratory volume in one second (FEV1) [9–13].

These promising results are counterbalanced by
recent data linking inhaled corticosteroids to a variety
of complications including oral thrush [8], dysphonia
[8], bone demineralization [11, 14], cataract forma-
tion [15, 16] and glaucoma [17], which generally occur
in a dose-dependent fashion. Thus, from a safety
perspective, low-dose therapy would be desirable. It
remains unclear, however, whether low-dose therapy
(v500 mg?day-1 beclomethasone equivalent) offers similar
clinical advantages to medium- or high-dose therapy,
as there is a scarcity of published data comparing the
effects of different dosing levels of these medications
on important clinical end-points such as mortality.

Using a large population cohort of patients with
moderate-to-severe COPD (previously hospitalised pati-
ents) in the province of Alberta, Canada, the dose/
response relationship of inhaled corticosteroids and
mortality rates in COPD was investigated.

Methods

Study population

Hospital discharge abstracts were obtained from the
Canadian Institute for Health Information (CIHI),For editorial comment see page 202.
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Ottawa, Canada, through Alberta Health and Wellness,
Edmonton, Canada. Information from this database
included all separations (discharges, hospital admis-
sions, transfers and deaths) for all people residing in
the province of Alberta. For the present study, all
residents of Alberta, Canada, aged o65 yrs, who had
experienced at least one hospitalisation for COPD
as the most responsible diagnosis between April 1,
1994 and March 31, 1998, were included. Interna-
tional Classification of Diseases ninth revision (ICD-9)
codes 490.x, 491.x, 492.x and 496.x were used to identify
these patients [18]. All patients with an admitting diag-
nosis of asthma (ICD-9 code 493.x) were excluded.
Patients who died during the index hospitalisation
were also excluded. All hospital visits occurring after
the first hospital visit were censored for each study
patient in order to avoid double counting.

Drug data

The CIHI database was merged with the Alberta
Blue Cross (Edmonton, Canada) database in order to
obtain information on medications dispensed for the
study cohort. This was possible because all Alberta
residents aged o65 yrs receive government subsidies
for prescription medications. All claims in this data-
base have a unique identification number for the
medication, as well as the quantity and date dis-
pensed. For each study patient, use of all pulmonary
medications (short-acting b2-agonists, ipratropium
bromide, inhaled and oral corticosteroids and oral
theophyllines), including those prescribed at the time
of discharge, was determined for the study period.
Data concerning medications received before the
patient9s index hospital visit were censored.

Study design

The study patients were followed for 3 yrs following
discharge from the initial hospitalisation for COPD or
until the date of their death, if earlier. Mortality data
were obtained from Alberta Vital Statistics (Edmonton,
Canada), a government agency that keeps an updated
electronic file of all deceased persons in Alberta and
includes dates of death. In order to determine the
"primary" causes of deaths during the follow-up
period for the cohort, discharge abstracts of hospital-
isations leading to death were obtained from the
CIHI database. All deceased persons with ICD-9
codes 460.x–519.x in the primary diagnostic field were
considered to have died from a pulmonary-specific
cause of mortality.

Since Alberta Blue Cross provides data on the
quantity of medications dispensed rather than the
daily dose, the mean daily dose of inhaled cortico-
steroids was imputed by determining the total dose of
medications dispensed for each patient for the first
two prescriptions and dividing the total dose of the
first dispensation by follow-up time (in days) between
these two doses. The calculated mean dose was
rounded to a clinically plausible dose [19]. If, for
example, a patient was prescribed beclomethasone at

a dose of 200 puffs (250 mg?puff-1) and the elapsed
time between the first and second prescription was 100
days, the calculated mean daily dose would be 500 mg.

To allow cross-comparisons between different
inhaled corticosteroid preparations, all formulations
were converted into beclomethasone dipropionate
equivalents based on equivalency calculations sug-
gested by the Canadian Asthma Consensus Report
[20]. The daily dose was then divided into five
mutually exclusive categories: not dispensed and low
(f500 mg?day-1 beclomethasone or equivalent), med-
ium (501–1,000 mg?day-1), high (w1,000 mg?day-1) and
indeterminate dose. The last category contained pati-
ents who received only one dispensation of inhaled
corticosteroids during the follow-up period. Although
the mean daily dose could not be calculated for these
individuals, they most probably received a mean daily
dose lower than that received in the low-dose category.

Other factors

The effect of comorbid conditions was determined
using the CIHI database. A modified Charlson com-
orbidity score was calculated for each individual patient
using the ICD-9 codes in the 15 secondary diagnosis
fields. In order to derive this score, the following com-
orbid conditions were taken into account: congestive
heart failure (ICD-9 code 428.x), ischaemic heart disease
(ICD-9 codes 410.x and 412.x), peripheral vascular
disease (ICD-9 codes 443.9, 441.x, 785.4 and V43.4),
cerebrovascular accidents (ICD-9 codes 430.x–438.x),
dementia (ICD-9 code 290.x), rheumatological dis-
eases (ICD-9 codes 710.0, 710.1, 710.4, 714.0–714.2,
714.81 and 725.x), peptic ulcer disease (ICD-9 codes
531.x–534.9), diabetes (ICD-9 codes 250.0–250.7),
malignancy (ICD-9 codes 140.x–172.9, 174.x–195.8,
196.x–199.1 and 200.x–208.9) and renal (ICD-9 codes
582.x, 583.x, 585.x, 586.x and 588.x) and liver diseases
(ICD-9 codes 571.x and 572.x) [21]. A Charlson com-
orbidity score of zero denotes the absence of any
comorbid conditions; higher numbers indicate an
increasing burden of comorbidity.

Statistical analysis

The mean and SD of continuous variables were
compared using analysis of variance adjusted for
multiple comparisons through Tukey9s test. Ordinal
and binary variables were compared using a Chi-
squared test (with an appropriate number of degrees
of freedom).

The mortality rates of patients who received and did
not receive inhaled corticosteroids during the follow-
up period were compared using the Cox proportional
hazards model. In this model, age, sex, Charlson
comorbidity score, admission to an intensive care unit
(ICU) during the initial hospital stay (yes or no vari-
able) and filling in prescriptions for various pulmo-
nary medications, including short-acting b2-agonists,
ipratropium bromide, oral corticosteroids and oral
theophyllines, were controlled for. Age was divided
into three ranges: 65–74, 75–84 and o85 yrs. Similarly,
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the Charlson comorbidity score was categorised into
three groups: 0, 1–2 and o3. In order to increase the
validity of the model, a group-corrected prognosis
method was used for constructing the adjusted survival
curves [22]. A similar Cox proportional model was
used to compare adjusted survival (using a group-
corrected prognosis method) among those on no and
low-, medium-, indeterminate- and high-dose therapy.

A series of secondary analyses were conducted in
order to determine the robustness of the findings. It
was reasoned that real differences in the effects of
different doses of inhaled corticosteroid therapy should
be most obvious when compared in a relatively young
and healthy subgroup [23]. Therefore, patients aged
65–74 yrs with no documented comorbid conditions
were identified and a similar survival analysis was
performed in this group of patients using a Cox pro-
portional hazards model. Confounding by age and
comorbid conditions should be minimal in this group
of patients [23].

Results

Study population

Patients aged o65 yrs who had experienced at least
one hospital visit due to their COPD during the study
period (n=6,740) were identified. The mean age of the
study population was 76.2¡7.2 yrs. Of these patients:
3,661 (54.3%) were male; 3,744 (55.6%) had no comorbid
conditions; 2,736 (40.6%) had a Charlson comorbidity

score of 1 or 2; 260 (3.9%) had a Charlson comorbidity
score of o3; and 356 (5.3%) were admitted to an ICU
during the initial hospitalisation. The mean duration
of follow-up was 31.7¡19.3 months. Of the patients:
4,725 (70.1%) received at least one dispensation of a
short-acting b2-adrenergic medication; 3,751 (55.6%)
received ipratropium bromide; 3,144 (46.6%) received
oral corticosteroids; and 1,950 (28.9%) received oral
theophyllines (table 1).

Inhaled corticosteroid use

Overall, 3,343 (49.6%) patients received an inhaled
corticosteroid during the study period. Of these patients,
2,011 (61.2%) used low-, 318 (9.7%) medium- and 413
(12.6%) high-dose therapy and 601 (18.0%) received
an indeterminate dose. There were no significant dif-
ferences in age, sex and Charlson comorbidity score
between those who received and did not receive inhaled
corticosteroids. Indeed, there were no significant dif-
ferences in these parameters across different dose
categories. However, patients on high-dose inhaled
corticosteroid therapy were more likely to have received
other pulmonary medications, including ipratropium
bromide, oral corticosteroids and oral theophyllines.

Survival

During the follow-up period, there were 2,404
(35.7%) deaths in the cohort. On crude analysis,

Table 1. –Characteristics of elderly chronic obstructive pulmonary disease patients who received and did not receive
inhaled corticosteroids

Dose

None Low Medium High Indeterminate

p-value

Subjects n 3397 2011 318 413 601
Age yrs
Mean 77.4¡7.4 75.2¡6.9 74.3¡6.8 74.5¡6.8 75.7¡6.7 0.001
65–74 177 (53.6) 466 (55.2) 215 (55.4) 216 (57.8) 269 (44.8) 0.001
75–84 125 (37.9) 313 (37.1) 129 (33.3) 130 (34.8) 243 (40.4) 0.002
w84 28 (8.5) 65 (7.7) 44 (11.3) 28 (7.5) 59 (9.8) 0.001

Sex
Male 1855 (54.6) 1112 (55.9) 176 (55.3) 221 (53.5) 297 (49.4) 0.139
Female 1542 (45.4) 899 (44.7) 142 (44.7) 192 (46.5) 304 (50.6)

ICU stay during
index hospitalisation
Yes 163 (4.8) 107 (5.3) 22 (6.9) 27 (6.5) 37 (6.2) 0.238
No 3234 (95.2) 1904 (94.7) 296 (93.1) 386 (93.5) 564 (93.8)

Charlson comorbidity score
Mean 0.76¡1.14 0.57¡0.91 0.56¡0.85 0.52¡0.86 0.66¡1.14 0.001
0 1731 (51.0) 1212 (60.3) 188 (59.1) 261 (63.2) 352 (58.6) 0.001
1–2 1509 (44.4) 737 (36.7) 126 (39.6) 142 (34.4) 222 (36.9) 0.001
o3 157 (4.6) 62 (3.1) 4 (1.3) 10 (2.4) 27 (4.5) 0.002

Use of other
pulmonary drugs
b2-adrenergics 1554 (45.8) 1929 (95.9) 309 (97.2) 401 (97.1) 532 (88.5) 0.001
Oral steroids 852 (25.1) 1440 (71.6) 239 (75.2) 300 (72.6) 313 (52.1) 0.001
Theophyllines 491 (14.5) 975 (48.5) 123 (38.7) 174 (42.1) 187 (31.1) 0.001
Ipratropium bromide 1119 (32.9) 1648 (82.0) 268 (84.3) 340 (82.3) 376 (62.5) 0.001

Data are presented as n (%) or mean¡SD. The p-values reflect a linear trend across the dose categories (from none to high-dose
category). ICU: intensive care unit.
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therapy with inhaled corticosteroids was associated
with 39% fewer deaths than in those not on these
medications (relative risk (RR) 0.61, 95% confidence
interval (CI) 0.56–0.66). After adjustments for age,
sex, comorbid conditions, ICU stay and use of other
pulmonary medications, a 25% reduction in the overall
mortality rate was observed in those who received
inhaled corticosteroids compared to those who did
not (RR 0.75, 95% CI 0.68–0.82) (fig. 1).

Patients dispensed low-dose therapy showed a 23%
reduction in mortality rate compared to those who did
not receive any inhaled corticosteroids (RR 0.77, 95%
CI 0.69–0.86). Those on medium-dose therapy experi-
enced a 52% reduction (RR 0.48, 95% CI 0.37–0.63)
and those on high-dose therapy a 45% relative reduc-
tion (RR 0.55, 95% CI 0.44–0.69) compared to those
who did not receive any inhaled corticosteroids (fig. 2).
Patients on indeterminate doses did not experience
any significant decline in all-cause mortality rate (RR
0.88, 95% CI 0.76–1.03; p=0.108).

Other risk factors for mortality are shown in table 2,
and include advanced age, male sex and a Charlson
comorbidity score of o1. Use of oral theophyllines
and oral corticosteroids was not associated with increased
mortality. However, there was a slight increase in risk
among those who used b2-adrenergics or ipratropium
bromide.

Secondary analyses

In order to determine the robustness of the inhaled
corticosteroid therapy and mortality relationship, a
series of subgroup analyses were conducted (table 3).
Survival benefits of inhaled corticosteroids were observed
across different age groups, sexes, and comorbidity
and medication statuses.

Even among the healthiest members of the cohort,
inhaled corticosteroids were associated with a sig-
nificant survival advantage. In those aged 65–74 yrs
and without any comorbid conditions, it was found
that inhaled corticosteroids were associated with a
37% relative reduction in all-cause mortality rate
compared to no therapy (RR 0.63, 95% CI 0.50–0.79).
Low dose-therapy was associated with a 37% reduc-
tion (RR 0.63, 95% CI 0.49–0.82), medium-dose with
a 50% reduction (RR 0.50, 95% CI 0.30–0.83) and
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Fig. 1. –Adjusted survival in chronic obstructive pulmonary dis-
ease patients who used (–––––) and did not use (..........) inhaled
corticosteroids following their index hospitalisation. The curves were
generated using the group-corrected prognosis method. p=0.001.
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Fig. 2. –Relative risk of all-cause mortality in those in different
dose categories who used and did not use inhaled corticosteroids.
The reference group did not use any inhaled corticosteroids
following hospital discharge. Horizontal bars indicate 95% con-
fidence interval.

Table 2. – Factors associated with all-cause mortality in
chronic obstructive pulmonary disease

Variable RR 95% CI

Age yrs
65–74 1.00}

75–84 1.35 1.23–1.47
o85 1.84 1.64–2.06

Charlson comorbidity score
0 1.00}

1–2 1.40 1.29–1.52
o3 1.74 1.61–1.88

ICU stay#

No 1.00}

Yes 1.21 1.01–1.44
Sex
Female 1.00}

Male 1.37 1.25–1.50
Inhaled corticosteroids
No 1.00}

Yes 0.75 0.68–0.82
b2-adrenergics
No 1.00}

Yes 1.23 1.09–1.38
Oral theophyllines
No 1.00}

Yes 1.07 0.97–1.18
Ipratropium bromide
No 1.0}

Yes 1.25 1.12–1.39
Oral corticosteroids
No 1.0}

Yes 1.08 0.98–1.18

All analyses have been adjusted for each of the stated
variables (see Methods section). RR: relative risk; CI:
confidence interval; ICU: intensive care unit. #: during
index hospitalisation; }: reference.
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high-dose with a 57% reduction (RR 0.43, 95% CI
0.27–0.70).

Since survivor treatment selection bias [24] was a
potential concern in the analysis, sensitivity analyses
were performed including only certain subgroups. For
instance, a subgroup analysis was performed exclud-
ing all patients who had a follow-up of f90 days
and, therefore, a lower probability of having received
inhaled steroids than the rest of the cohort. In this
analysis, inhaled corticosteroids were associated with
a 43% lower risk of mortality (RR 0.57, 95% CI
0.51–0.63). Using cut-offs of 6, 9 and 12 months made
little difference to the overall findings (RR 0.57 for
6 months, 0.58 for 9 months and 0.58 for 12 months),
suggesting that survivor treatment selection bias was
not a significant concern in the analysis.

The impact of inhaled corticosteroids on pulmo-
nary-specific causes of mortality was evaluated. It was
found that inhaled corticosteroid therapy was asso-
ciated with a 30% risk reduction (RR 0.70, 95% CI
0.53–0.93) in pulmonary-specific mortality rate.

Discussion

By studying a large group of COPD patients
recently hospitalised for an acute exacerbation, the
present study has produced several interesting and
novel findings. First, it has been shown that inhaled
corticosteroid therapy was associated with a sig-
nificant reduction in both all-cause and pulmonary-
specific mortality rates over a 3-yr period. Secondly,
medium- and high-dose therapy were associated with
greater reductions in mortality rate than low-dose
therapy. However, survival benefits were similar
between medium- and high-dose therapy.

These findings are supported by the results of a
recently published systematic review of all randomised
controlled trials, demonstrating the beneficial effects
of inhaled corticosteroids on clinical outcomes such as
exacerbation rate [8]. Interestingly, these benefits occurred
in the absence of any appreciable effect on rate of
decline in FEV1 [9–13]. The mechanisms underlying
these observations remain largely unknown. Although
corticosteroids are less effective at neutralising COPD-
related airway inflammation than that occurring in
asthma, several [25–27], but not all [28, 29], studies have

demonstrated that therapy with moderate-to-high doses
of inhaled corticosteroids for several weeks can signifi-
cantly attenuate some of the components of airway
inflammation in COPD. Inhaled corticosteroids may
also attenuate airway hyperresponsiveness [11], a known
risk factor for morbidity and mortality in COPD [30].

The present findings are also similar to those of a
previous report on patients in Ontario, Canada [18].
In that study, it was demonstrated that inhaled cortico-
steroids reduced the risk of hospitalisation and all-
cause mortality over a 12-month period. However,
this study did not evaluate the relationship between
mortality and dose of inhaled corticosteroids. The
present study extends the earlier findings by demon-
strating that the survival benefits of inhaled cortico-
steroids are maintained for 3 yrs. As in the present
study, in their meta-analysis, VAN GRUNSVEN et al. [31]
showed that high-dose therapy (defined in their study
aso1,500 mg?day-1 beclomethasone oro1,600 mg?day-1

budesonide) improved flow/volume measurements in
lung function tests over time, whereas low doses and
placebos did not. In addition, there were no significant
differences in the rate of decline in flow/volume mea-
surements between low- and medium-dose therapy.
Since important clinical changes can occur in the
absence of a discernible effect on flow/volume [9],
VAN GRUNSVEN et al. [31] might have missed subtle but
important differences in clinical outcome between
those on low- and medium-dose therapy. Nevertheless,
this systematic review is consistent with the present
observation that low-dose therapy is less efficacious
than higher doses of inhaled corticosteroids in COPD.

In the present study, a consistent relationship
between oral corticosteroid therapy and mortality
was not observed. The study of STROM [32] showed
that oral corticosteroids were associated with increased
risk of hospitalisation in females but not in males.
In the study of SCHOLS et al. [33], oral corticosteroid
therapy in moderate-to-high doses was associated
with increased mortality risk but only in the absence
of concomitant inhaled steroid therapy. When com-
bined with inhaled corticosteroids, oral steroid therapy,
even at high doses, did not significantly increase the
mortality rate [33]. Although it is evident that oral
corticosteroids are fraught with many serious adverse
effects, they may also produce some clinical benefits

Table 3. –Relationship between inhaled corticosteroids and all-cause mortality rates in various subgroups of chronic
obstructive pulmonary disease patients

Subgroup Overall Corticosteroid dose

Low Medium High

Age f74 yrs 0.74 (0.63–0.86) 0.74 (0.62–0.88) 0.49 (0.33–0.71) 0.45 (0.31–0.65)
No ICU stay# 0.74 (0.67–0.81) 0.76 (0.68–0.85) 0.48 (0.36–0.63) 0.55 (0.43–0.69)
Short-acting b2-adrenergic users 0.63 (0.57–0.70) 0.64 (0.57–0.72) 0.42 (0.32–0.55) 0.46 (0.37–0.58)
Ipratropium bromide users 0.57 (0.51–0.64) 0.59 (0.52–0.67) 0.40 (0.30–0.53) 0.43 (0.33–0.55)
Oral corticosteroid users 0.55 (0.48–0.63) 0.56 (0.48–0.65) 0.36 (0.26–0.49) 0.44 (0.33–0.57)

Data are presented as relative risk (95% confidence interval). The reference group did not receive any inhaled corticosteroids
during follow-up. All analyses have been adjusted for age, sex, intensive care unit (ICU) stays, Charlson comorbidity score
and use of pulmonary medications (i.e. b2-adrenergics, ipratropium bromide, oral corticosteroids and oral theopylline). #:
during index hospitalisation.
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[34], particularly in the short term. Thus, the benefit/
risk ratio of these medications remains uncertain.

Several limitations of the present study should be
addressed. First, no clinical outcomes other than sur-
vival were measured. Although mortality is a critically
important outcome for assessing the effectiveness of
medications, it is by no means the only end-point
germane for clinical practice [35]. Health-related
quality of life and other morbidity measurements
matter to patients and their physicians. The present
authors9 databases did not contain such information,
an important limitation of the present study. Sec-
ondly, because baseline lung function data were not
available, it was not possible to be certain whether
patients receiving low-, medium- or high-dose therapy
had similar disease severity. In clinical practice, clini-
cians generally treat the mildest cases with the lowest
doses and reserve high doses for those with either
refractory disease or the greatest disease burden. The
finding that low-dose therapy is inferior to higher
doses of inhaled corticosteroids for reducing mortality
risks in COPD is likely to be unchanged by disease
severity data. Moreover, a variety of sensitivity analyses
were performed and similar results found across all
strata, suggesting that the findings are robust and
consistent and unlikely to have been confounded by
(measured and unmeasured) external factors. Thirdly,
if patients who were dispensed inhaled corticosteroids
were more likely to have had clinical features of
asthma than those who did not receive these medica-
tions, the beneficial effect of inhaled steroids would
have been overestimated. In order to minimise this
bias, all patients who had a primary diagnosis of
asthma were excluded from the study. Moreover, the
analysis was restricted to the elderly who had required
at least one hospitalisation for their disease. Since
such patients are very likely to have respiratory failure
on the basis of COPD and not asthma, diagnostic bias
is unlikely to explain away the present findings [36].

An observational study such as the present one is
not intended to replace data from randomised con-
trolled trials, since observational studies are much more
susceptible to confounding and bias [37]. Accordingly,
the present findings should be interpreted cautiously
and conservatively. Nevertheless, these data provide a
solid rationale for the systematic evaluation of the
effects of inhaled corticosteroids (in varying doses) on
hard clinical end-points such as mortality.

In summary, the present study shows a protective
benefit of inhaled corticosteroids in mortality that
extends to 3 yrs. Moreover, medium- and high-dose
therapy are related to improved survival compared
to low or indeterminate doses. These data suggest
an important role of inhaled corticosteroid therapy
in improving clinical outcomes in these high-risk
chronic obstructive pulmonary disease patients. They
also suggest that, when using inhaled corticosteroids
for chronic obstructive pulmonary disease, clinicians
should consider using o500 mg?day-1 beclomethasone
(or equivalent) to achieve maximal survival benefits.
These results are dissimilar to those in asthma, where
low-dose therapy appears to achieve similar clinical
outcomes to medium- or high-dose therapy [38]. Clini-
cal trials are needed to confirm these early findings.
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