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Abstract

Rationale: Guidelines advocate adding long-acting b-agonist (LABA)
to inhaled corticosteroid as the preferred step-up therapy to increasing
inhaled corticosteroid dose for patients with uncontrolled asthma on
inhaled corticosteroid monotherapy. However, less than 5% of patients
with asthma qualify for the randomized controlled trials on which
guidelines arebased.Thus, real-worlddata areneeded to complement the
results of randomized trials with narrow entry criteria.

Objectives: To compare the effectiveness of stepping up asthma
therapy with an increased dose of various types of inhaled
corticosteroid as compared with add-on LABA.

Methods:We performed a historical matched cohort study using
large primary care databases to compare asthma step-up therapywith
small- and standard size–particle inhaled corticosteroid versus added
LABA for patients 12–80 years old. As outcomes, we examined
a composite of asthma control and rates of severe exacerbations.

Measurements and Main Results: The odds of asthma control
and rates of severe exacerbations over one outcome year were

comparable with increased inhaled corticosteroid dose versus added
LABA. The adjusted odds ratios (95% confidence interval) for
achieving asthma control with increased inhaled corticosteroid dose
versus inhaled corticosteroid/LABA were 0.99 (0.88–1.12) for small-
particle inhaled corticosteroid (n = 3,036 per cohort) and 0.85
(0.67–1.07) for standard size–particle inhaled corticosteroid (n = 809
per cohort). The adjusted rate ratios (95% confidence interval) for
severe exacerbations, compared with inhaled corticosteroid/LABA
combination inhaler, were 1.04 (0.91–1.20) and 1.18 (0.92–1.54),
respectively. The results were not affected by smoking status.

Conclusions:When applied to a broad primary care population,
antiinflammatory therapy using increased doses of small- or
standard size–particle inhaled corticosteroid is as effective as
adding LABA, as measured by outcomes important to both patients
and providers. Real-world populations and outcomes need to be
taken into consideration when formulating treatment
recommendations.
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For many patients with asthma, the addition
of a long-acting bronchodilator to inhaled
corticosteroid (ICS) reduces symptoms
and decreases the need for short-acting
bronchodilators. Whether relief of symptoms
by regular bronchodilator therapy might
mask processes that lead to asthma
deterioration and serious asthma-related
outcomes such as hospitalizations,
intubations, and deaths had been a concern
raised in studies using long-acting b-agonists
(LABAs) as monotherapy (1) and led to
recommendations that LABAs not be used as
monotherapy in asthma (2, 3). However,
randomized controlled trials in which the
addition of LABA to ICS was compared with
increasing the dose of ICS repeatedly
suggested that adding a LABA is superior not
only regarding symptom control, but more
importantly regarding exacerbations (4–11).
As a result, international management
guidelines recommend the addition of LABA
as a preferred step-up therapy for patients
whose asthma is not controlled with low
to moderate doses of ICS (2, 12).

Observational studies, however, have
suggested that only less than 5% of patients
with asthma qualify to enroll in randomized
controlled asthma trials, which represent
the primary source of information for
guidelines (13). A substantial proportion of
patients are not eligible for asthma trials
because they smoke (approximately 20–35%)
(14) or have comorbidities. Moreover, the
trials that have compared ICS step-up with
add-on LABA have almost uniformly been
restricted to patients who demonstrate
acute reversibility to a b-agonist. This
entry criterion enriches the population for
b-agonist responders, who do not accurately
represent the general asthma population: up
to 70% of real-life patients with asthma
may not meet the bronchodilator response
criteria employed by many trials (13).
Furthermore, these trials have frequently
included outcomes that “mechanically” favor
b-agonist effects, such as improved airflow
or reduced b-agonist use. Whether such
superiority occurs in a wider range of
patients and using real-world outcomes such
as clinically defined exacerbations (without
airflow determinants), emergency visits,
and hospitalizations is unclear. This is
particularly important because the safety of
long-term LABA therapy as used in real life
has been questioned regarding increased
serious asthma-related events such as
hospitalization and mortality, even for
patients receiving concomitant ICS (3, 15–17).

In addition, the relevance of an
exacerbation outcome that includes
a decline in peak flow, which can be
disproportionately affected by b-agonists,
has also been questioned (18). In fact, an
analysis of almost 2,000 patients who took
part in a randomized trial of ICS step-up
versus add-on LABA showed that when
peak flow was removed from the definition
of exacerbations, there was no advantage to
add-on LABA over ICS dose step-up (19).
In the Gaining Optimal Asthma ControL
(GOAL) trial, a 1- to 1.5-fold increase in
the ICS dose produced an equal or greater
proportion of patients who were well
controlled or completely controlled, as did
add-on LABA (6).

Real-world data are thus needed to
complement the results of randomized
controlled trials with narrow entry criteria
and enforced adherence to prescribed
medication (20). Real-world research can
address clinical questions for a wider group
of patients, such as the impact over 1 year
of starting a LABA as part of a fixed-dose
combination versus increasing ICS for all
patients managed as having asthma in usual
care. By contrast, the questions in RCTs
usually focus on a specific subgroup of
patients, for example, patients with asthma
who have at least 15% reversibility, impaired
lung function, limited smoke exposure,
good inhaler technique, good adherence,
limited exacerbation history, and limited
comorbidities and who are managed with
regular and detailed follow-up.

We therefore conducted a historical
matched cohort study to compare the
effectiveness of stepping up asthma therapy
with an increased dose of different types
of ICS as compared with add-on LABA.
In prior work we found evidence of
a differential effect based on particle size of
the ICS (21–23). Thus we compared ICS
dose step-up with representative small-
particle ICS and standard size–particle
ICS versus add-on LABA by ICS/LABA
combination inhaler. Some of the results of
this study have been previously reported in
the form of abstracts (24, 25).

Methods

Data Source and Patients
We drew on two large, well-validated U.K.
primary care electronic databases, the
General Practice Research Database (GPRD;
now part of the Clinical Practice Research

Datalink) (26) and the Optimum Patient
Care Research Database (OPCRD), both
used for respiratory research and previously
well described (see the online supplement)
(27). Patient characteristics were cross-
referenced between the two databases to
ensure study of unique individuals.

We studied patients with asthma, aged
12–80 years, who had 2 years of continuous
data (1 baseline year followed by 1 outcome
year, separated by the index date at which
stepping up therapy was recorded) within the
study window from January 1997 through
January 2011. During the baseline year before
stepping up therapy, eligible patients had at
least two prescriptions for asthma controller
or reliever therapy, including at least one for
ICS. Allowed ICS during the baseline year
included beclomethasone, budesonide, or
fluticasone administered by pressurized
metered-dose inhaler (pMDI) or breath-
actuated MDI (BAI); patients prescribed
an ICS/LABA combination inhaler were
excluded. Other exclusion criteria were
a recorded diagnosis of chronic obstructive
pulmonary disease (COPD) or any chronic
respiratory disease other than asthma and, for
patients 61–80 years of age, any history of
smoking (to minimize the possibility of
including patients with COPD misdiagnosed
as asthma).

Our primary analysis compared an
increase of at least 50% in the dose of small- or
standard size–particle ICS (ICS step-up) via
pMDI or BAI versus fixed dose ICS/LABA
(ICS/LABA combination) with no change in
ICS dose. For the ICS step-up, we captured
data for patients prescribed a representative
small-particle formulation (beclomethasone
dipropionate HFA [Qvar; Teva UK Ltd,
Eastbourne, East Sussex, UK]; median mass
aerodynamic diameter [MMAD] particle
size, 1.1 mm) and a representative standard
size–particle ICS (fluticasone propionate,
hydrofluoroalkane or chlorofluorocarbon
formulation [Flixotide; GlaxoSmithKline UK
Ltd, Brentford, Middlesex, UK]; MMAD,
2.4–3.2 mm, depending on formulation).
The ICS/LABA combinations were either
fluticasone propionate/salmeterol xinafoate
(Seretide; GlaxoSmithKline) or budesonide/
formoterol fumarate dihydrate (Symbicort;
AstraZeneca Ltd, Luton, Bedfordshire, UK).

Outcome Measures
Composite database measures, as previously
described (21–23), were used to assess
asthma control and relative rates of
exacerbations; full details and all end points
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are described in Table 1. In brief, we
defined severe exacerbations according to
expert working group recommendations
(asthma-related hospital or emergency
department attendance, or short course of
oral corticosteroids) (28). We defined an
end point of risk-domain asthma control
(asthma control) as an absence of severe
exacerbations (as described above) in
addition to no general practice (GP)
consultations for lower respiratory tract
infection, because in practice asthma
exacerbations can be confused with lower
respiratory infection (29, 30).

Patients who remained on the same
dose of ICS throughout the follow-up year
were captured in the treatment stability
measure, which included patients with
asthma control and no treatment change
(see Table 1). Those patients who had
a prescribed increase in ICS dose or
additional therapy during outcome were
recorded as having a treatment change.
Other end points, including acute
respiratory events, are defined in Table 1.

Statistical Analysis
We elected to conduct matched cohort
analyses because characterization of patients
at baseline indicated statistically and
clinically significant differences between
cohorts (see the online supplement). Two-
way cohort matching was performed, with
ratios determined according to patient
numbers to maximize both cohort sizes and
the number of matched groupings, and thus
the power of statistical tests. The two ICS
step-up cohorts were each separately
matched 1:1 to the ICS/LABA combination
cohort. Matching criteria were applied
sequentially and included demographic
characteristics and key indicators of asthma
severity and control during the baseline
year, listed in Table 1. Matching was
conducted before the analysis of outcomes
and thus was blinded to outcomes.

We described cohort baseline and
outcome characteristics using summary
statistics. Variables measured on the interval
or ratio scale were categorized for the analyses
if heavily skewed. Two-way differences
between matched cohorts at baseline and
outcome were analyzed by conditional logistic
regression. We assessed numerous potential
confounding variables (see the online
supplement for additional details).

The adjusted odds of asthma control
were compared in two-way analyses using
conditional logistic regression. The

dichotomous asthma control measure was
used as the dependent variable, with treatment
and potential confounding factors as
explanatory variables. The same modeling
approach was used for determining the
adjusted odds of achieving treatment stability.

The rates of severe exacerbations during
the outcome period were compared between
cohorts, using conditional Poisson regression
to determine exacerbation rate ratios and
using empirical standard errors for more
robust confidence intervals; adjustments were
made for potential baseline confounders.
Adjusted rate ratios were calculated in similar
fashion for acute respiratory events and
incidence of oropharyngeal candidiasis
(thrush). In addition, we conducted
a sensitivity analysis comparing severe
exacerbation and acute respiratory event rates

among nonsmokers in the matched pairs that
remained after excluding smokers.

Statistically significant results were
defined as P, 0.05. Analyses were performed
with IBM SPSS Statistics version 19 (SPSS
Statistics; IBM, Somers, NY), SAS version 9.2
(SAS Institute, Cary, NC), and Microsoft
Office Excel 2007 (Microsoft, Bellevue, WA).

Results

Small-Particle Inhaled Corticosteroid
Dose Step-Up Compared with
ICS/LABA Combination Inhaler
After matching, there were 3,036 patients in
each cohort (see Figures E1 and E2 in the
online supplement). The cohorts were
well matched for baseline asthma-related
measures and comorbidities; statistically

Table 1. Study definitions: database-derived outcome measures and matching criteria

Primary end point
Asthma control (risk domain), includes all of the following:

1. No asthma-related* hospital attendance or admission, ED attendance, out-of-hours
attendance, or outpatient hospital attendance, and

2. No GP consultation for lower respiratory tract infection,† and
3. No prescription for acute course of oral corticosteroids.

Secondary end points
Number of severe exacerbations,‡ defined as any of the following (28):

1. Asthma-related* hospital attendance or admission or ED attendance, or
2. Acute course of oral corticosteroids

Number of acute respiratory events, defined as any of the following:
1. Asthma-related* hospital attendance or admission or ED attendance, or
2. Acute course of oral corticosteroids, or
3. GP consultation for lower respiratory tract infection†

Treatment stability, includes all of the following:
1. Asthma controlled (primary end point; see above) and
2. No treatment change, defined as additional therapy or change in therapy as
a. Increased ICS dose (by >50%), or
b. Use of additional therapy as LABA, LTRA, or theophylline

Matching criteria: Patients were matched sequentially at the index prescription date by:
1. Sex (male/female)
2. Age (65 yr)
3. Last ICS daily dose prescribed before index date prescription (categorized as 1–50

mg/51–100 mg/101–200 mg/201–300 mg/301–400 mg/.400 mg in extrafine
beclomethasone equivalentsx)

4. Asthma control (defined as for primary end point) during baseline year (controlled/not
controlled)

5. Mean SABA daily dose during baseline yeark (categorized as 0 mg/1–200 mg/201–400
mg/.400 mg)

6. Asthma consultation(s) without severe exacerbation (0/1/>2)

Definition of abbreviations: ED = emergency department; GP = general practice; ICS = inhaled
corticosteroid; LABA = long-acting b-agonist; LTRA = leukotriene receptor antagonist; SABA = short-
acting b-agonist.
*Asthma-related events in the database were defined as all events with a lower respiratory code,
including all asthma codes and lower respiratory tract infection codes.
†Identified as general practice consultations with a lower respiratory tract infection Read code in the
database.
‡Hospital attendance/admission and/or oral corticosteroid course within 2-week window were
considered as one exacerbation.
xDoses of budesonide and large-particle beclomethasone (Clenil Modulite; Chiesi) were halved, and
fluticasone doses of 250 and 500 mg were treated as equivalent to small-particle beclomethasone at
200 and 400 mg.
kSABA daily dose was defined as total prescribed SABA during baseline year divided by 365.
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Table 2. Baseline demographic and clinical characteristics of the patients in inhaled corticosteroid (ICS) dose step-up and
ICS/long-acting b-agonist combination inhaler cohorts

Characteristic Small-Particle ICS Step-Up vs.
ICS/LABA Combination Inhaler

Standard Size–Particle ICS Step-Up vs.
ICS/LABA Combination Inhaler

ICS Dose
Step-Up
(n = 3,036)

ICS/LABA
Combination
(n = 3,036)

ICS Dose
Step-Up
(n = 809)

ICS/LABA
Combination

(n = 809)

Female sex, n (%)* 1,811 (59.7) 1,811 (59.7) 508 (62.8) 508 (62.8)
Age at index date (yr), mean (SD)* 42.7 (16.4) 42.6 (16.5)† 42.8 (17.6) 42.7 (17.4)
Nonsmokers 61–80 yr, n (%) 417 (13.7) 429 (14.1) 128 (15.8) 128 (15.8)

Asthma control, n (%)* 1,978 (65.2) 1,978 (65.2) 495 (61.2) 495 (61.2)
Mean daily SABA dose, n (%)*
0 mg/d 145 (4.8) 145 (4.8) 43 (5.3) 43 (5.3)
1–200 mg/d 1,241 (40.9) 1,241 (40.9) 306 (37.8) 306 (37.8)
201–400 mg/d 754 (24.8) 754 (24.8) 202 (25.0) 202 (25.0)
.400 mg/d 896 (29.5) 896 (29.5) 258 (31.9) 258 (31.9)

Last ICS dose before index
date (mg/d), mean (SD)*‡

199 (44) 200 (51)x 260 (138) 290 (218)x

Index date dose of ICS (mg/d),
mean (SD)

402 (89) 202 (59)x 674 (289) 294 (227)

Asthma consultation/no severe
exacerbation, n (%)*

0 1,122 (37.0) 1,122 (37.0) 199 (24.6) 199 (24.6)
1 1,063 (35.0) 1,063 (35.0) 313 (38.7) 313 (38.7)
2 568 (18.7) 506 (16.7)k 187 (23.1) 176 (21.8)
>3 283 (9.3) 345 (11.4) 110 (13.6) 121 (15.0)

Smoking status, n (%)¶

Current smoker 592 (22.5) 575 (20.6)x 118 (14.6) 152 (20.5)x

Ex-smoker 477 (18.2) 516 (18.4) 140 (17.3) 128 (17.2)
Nonsmoker 1,559 (59.3) 1,706 (61.0) 549 (68.0) 463 (62.3)

Rhinitis, n (%)** 765 (25.2) 780 (25.7) 203 (25.1) 203 (25.1)
Gastroesophageal reflux, n (%)** 346 (11.4) 349 (11.5) 96 (11.9) 77 (9.5)
Cardiac disease, n (%)** 162 (5.3) 129 (4.2)† 86 (10.6) 46 (5.7)x

Year of index prescription,
mean (SD)

2005 (2.6) 2005 (2.1)k 2007 (1.3) 2005 (2.2)x

Years since first asthma code,
median (IQR)

8.5 (2.6–15.9) 7.8 (1.9–15.4) 9.5 (3.1–17.1) 7.3 (1.8–14.3)x

Peak expiratory flow (%
predicted), mean (SD)¶

85.1 (19.7) 83.7 (19.1) 82.9 (20.4) 84.5 (19.6)

Severe exacerbations, n (%)
0 2,270 (74.8) 2,275 (74.9) 579 (71.6) 587 (72.6)
1 534 (17.6) 546 (18.0) 142 (17.6) 147 (18.2)
2 159 (5.2) 147 (4.8) 61 (7.5) 49 (6.1)
>3 73 (2.4) 68 (2.2) 27 (3.3) 26 (3.2)

Antibiotic prescriptions for
LRTI, n (%)

0 2,542 (83.7) 2,540 (83.7) 664 (82.1) 658 (81.3)
1 369 (12.2) 352 (11.6) 104 (12.9) 112 (13.8)
>2 125 (4.1) 144 (4.7) 41 (5.1) 39 (4.8)

Definition of abbreviations: ICS = inhaled corticosteroid; IQR = interquartile range; LABA = long-acting b-agonist; LRTI = lower respiratory tract infection;
SABA = short-acting b-agonist.
*Matching variable.
†P< 0.05, conditional logistic regression for two-way comparisons between cohorts.
‡For matching purposes, doses of budesonide and large-particle beclomethasone (Clenil Modulite; Chiesi) were halved, and fluticasone doses of 250 and
500 mg were treated as equivalent to extrafine beclomethasone at 200 and 400 mg, respectively. Instead, baseline year ICS doses are reported as halved
budesonide doses and actual extrafine beclomethasone and fluticasone doses.
xP, 0.001, conditional logistic regression for two-way comparisons between cohorts.
kP, 0.01, conditional logistic regression for two-way comparisons between cohorts.
¶Recorded smoking data were available for 2,628 (86.6%) and 2,797 (92.1%) of patients in small-particle ICS step-up and ICS/LABA combination
cohorts, respectively, and for 807 (99.8%) and 743 (91.8%) in standard size–particle ICS step-up and ICS/LABA combination cohorts,
respectively; recorded peak expiratory flow data were available for 2,116 (69.7%) and 2,022 (66.6%) in small-particle ICS step-up and ICS/LABA
combination cohorts, respectively, and for 536 (66.3%) and 552 (68.2%) in standard size–particle ICS step-up and ICS/LABA combination
cohorts, respectively.
**Rhinitis, gastroesophageal reflux disease, and cardiac disease diagnoses were captured through database Read codes.
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significant differences between cohorts at
baseline were small and not clinically
important (Table 2 and Table E1). The
mean ICS dose prescribed on the index date
for the ICS step-up cohort was twice that
for the ICS/LABA combination cohort
(402 vs. 202 mg/d; P, 0.001).

The percentage of patients in each cohort
who met the database composite measure
of asthma control increased from 65% during
the baseline year (Table 2) to 75% during the

outcome year (Table 3). Patients who
experienced one or more severe exacerbations
per year fell from 25% during baseline to
16–17% during outcome (Tables 2 and 3).

The adjusted odds ratio for asthma
control with small-particle ICS step-up, as
compared with ICS/LABA combination,
was 0.99 (Figure 1), and exacerbation rates
during the outcome year were comparable
between cohorts as well. The adjusted rate
ratio (95% confidence interval) for severe

exacerbations, as compared with ICS/LABA
combination, was 1.04 (0.91–1.20;
Figure 1). The adjusted odds of treatment
stability (asthma control plus no treatment
change) with small-particle ICS step-up was
1.12 (1.00–1.24) compared with ICS/LABA
combination (Figure 1).

Over the outcome year, patients in both
cohorts required additional therapy (18.1
and 20.4% of ICS step-up and ICS/LABA
combination cohorts, respectively; Table 3).

Table 3. Results during the outcome year for matched cohorts comparing inhaled corticosteroid (ICS) dose step-up and
ICS/long-acting b-agonist combination step-up cohorts

Outcome Small-Particle ICS Step-Up vs.
ICS/LABA Combination Inhaler

Standard Size–Particle ICS
Step-Up vs. ICS/LABA
Combination Inhaler

ICS Dose
Step-Up
(n = 3,036)

ICS/LABA
Combination
(n = 3,036)

ICS Dose
Step-Up
(n = 809)

ICS/LABA
Combination

(n = 809)

Asthma control, n (%) 2,278 (75.0) 2,275 (74.9) 556 (68.7) 591 (73.1)
Severe exacerbation, n (%)
0 2,530 (83.3) 2,553 (84.1) 645 (79.7) 667 (82.4)
1 371 (12.2) 352 (11.6) 99 (12.2) 94 (11.6)
2 77 (2.5) 78 (2.6) 42 (5.2) 27 (3.3)
>3 58 (1.9) 53 (1.7) 23 (2.8) 21 (2.6)

Acute respiratory event, n (%)
0 2,310 (76.1) 2,322 (76.5) 574 (71.0) 602 (74.4)
1 505 (16.6) 507 (16.7) 141 (17.4) 136 (16.8)
2 136 (4.5) 119 (3.9) 53 (6.6) 35 (4.3)
>3 85 (2.8) 88 (2.9) 41 (5.1) 36 (4.4)

Treatment stability, n (%) 1,979 (65.2) 1,903 (62.7) 467 (57.7) 487 (60.2)

P Value* P Value*

>1 asthma-related hospital attendance, n (%) 12 (0.4) 15 (0.5) 0.57 2 (0.2) 5 (0.6) 0.27
>1 antibiotic prescriptions for LRTI, n (%) 364 (12.0) 365 (12.0) 0.64 129 (15.9) 108 (13.3) 0.12
>1 prescriptions for oral corticosteroids, n (%) 498 (16.4) 468 (15.4) 0.18 161 (19.9) 137 (16.9) 0.050
Treatment change, n (%)† 550 (18.1) 620 (20.4) ,0.001 190 (23.5) 179 (22.1) 0.52
ICS dose exposure (mg/d), median (IQR)‡ 274 (164–438) 164 (93–230) ,0.001 370 (247–575) 181 (99–337) ,0.001
Mean ICS dose exposure, n (%)‡

0–100 mg/d 290 (9.6) 962 (31.7) ,0.001 51 (6.3) 214 (26.5) ,0.001
101–200 mg/d 727 (23.9) 1,085 (35.7) 116 (14.3) 245 (30.3)
201–400 mg/d 1,203 (39.6) 746 (24.6) 243 (30.0) 190 (23.5)
.400 mg/d 816 (26.9) 243 (8.0) 399 (49.3) 160 (19.8)

Daily SABA dose (mg/d), median (IQR) 219 (110–548) 164 (55–384) ,0.001 274 (110–548) 219 (55–438) ,0.001
Spacer device prescribed, n (%) 448 (14.8) 356 (11.7) ,0.001 175 (21.6) 100 (12.4) ,0.001
Oropharyngeal candidiasis, n (%)x 143 (4.7) 139 (4.6) 0.80 49 (6.1) 40 (4.9) 0.34
Possible pneumonia, n (%)k 6 (0.2) 6 (0.2) 1.0 3 (0.4) 2 (0.2) 0.66
Definite pneumonia, n (%)k 3 (0.1) 2 (0.1) 0.66 2 (0.2) 1 (0.1) 0.57

Definition of abbreviations: ICS = inhaled corticosteroid; IQR = interquartile range; LABA = long-acting b-agonist; LRTI = lower respiratory tract infection;
SABA = short-acting b-agonist.
Data are presented as n (%) unless otherwise specified.
*Conditional logistic regression.
†Patients could have more than one change in therapy as either or both increased ICS dose or additional therapy during the year. Additional therapy could
include combination ICS/LABA inhaler (for ICS step-up cohort), separate LABA inhaler, leukotriene receptor antagonist, and theophylline.
‡The dose of budesonide was halved for equivalence with extrafine beclomethasone and fluticasone, for which actual doses were used in the analyses.
Daily ICS dose exposure was calculated as the dispensed amount divided by 365.
xDiagnosis of or therapy for oropharyngeal candidiasis (thrush).
kPossible pneumonia was defined as a pneumonia Read code in the database; definite pneumonia was defined as pneumonia read code plus either
a chest radiograph or hospital admission within 1 month.
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As expected, the median daily SABA dose
was significantly higher in the ICS step-up
cohort (219 vs. 164 mg/d; P, 0.001). A
total of 12 and 15 patients in the ICS step-
up and ICS/LABA combination cohorts,
respectively, were hospitalized with
a recorded code for asthma or lower
respiratory condition.

Standard Size–Particle Inhaled
Corticosteroid Dose Step-Up
Compared with ICS/LABA
Combination Inhaler
After matching there were 809 patients in
each cohort (see Figure E3). Three hundred
and thirteen patients in the ICS/LABA
comparison cohort were also in that cohort
for the comparison with small-particle
ICS step-up (described previously). The
standard size–particle ICS step-up and
ICS/LABA combination cohorts were well
matched at baseline (Table 2). The mean
ICS dose prescribed on the index date for
the ICS step-up cohort was 2.3 times that
for the ICS/LABA combination cohort
(674 vs. 294 mg/d; P, 0.001).

During the outcome year, the
percentage of patients achieving asthma
control increased from 61% at baseline
(Table 2) to 69 and 73% during outcome in
ICS step-up and ICS/LABA combination
cohorts, respectively (Table 3), and the
percentage of patients with one or more
exacerbations per year decreased from 28%
at baseline to 20 and 18%, respectively,
during the outcome year (Tables 2 and 3).

The adjusted odds of asthma control
were comparable in the two cohorts, as was
the odds of treatment stability (Figure 2).
The adjusted rate ratio (95% confidence
interval) for severe exacerbations, as
compared with ICS/LABA combination,
was 1.18 (0.92–1.54) for increased standard
size–particle ICS dose (Figure 2).

The percentage of treatment changes
was similar between cohorts (Table 3).
A total of two and five patients in the
ICS step-up and ICS/LABA combination
cohorts, respectively, were hospitalized with
a recorded code for asthma or lower
respiratory condition.

Subanalysis: Results for Nonsmokers
After smokers were excluded, a total of
2,040 (67%) matched pairs of nonsmokers
remained in the small-particle ICS and ICS/
LABA combination cohorts, and 571 (71%)
matched pairs of nonsmokers remained
in the standard size–particle ICS and

ICS/LABA combination cohorts. As in the
main analyses, exacerbation rates decreased
from baseline across all treatment cohorts
during the outcome year, and adjusted
exacerbation rate ratios showed no
significant differences between cohorts
for the two comparisons (see Tables E2
and E3).

Discussion

In these matched cohort analyses of large
primary care databases, stepping up asthma
therapy by increasing the ICS dose—with
either small- or standard size–particle
ICS—was as effective as adding a LABA via
fixed-dose ICS/LABA combination inhaler
for patients 12–80 years old. During the
1 year of follow-up, the rates of exacerbations
decreased, the percentages of patients with
asthma control increased, and all secondary
end points improved to a similar extent for
ICS dose step-up and ICS/LABA
combination cohorts.

This study has several strengths. The
analyses included large numbers of

patients representative of the general
asthma population who received usual
care in a routine UK clinical setting,
where most asthma in the United
Kingdom is managed (31). We examined
a baseline year to characterize patients
and asthma-related measures; the cohorts
were well matched for baseline asthma
severity and control, and similar
proportions (25%) of patients in each
cohort had concomitant rhinitis, a risk
factor for poor asthma control (32).
Patients were monitored for a full
outcome year to minimize the influence
of seasonal variations in asthma and to
capture infrequent outcomes such as
severe exacerbations (28). The composite
outcome measures, used in prior research
(21–23), comprised data that are in line
with factors identified by expert working
groups as being reflective of asthma
control and exacerbations (28, 29).
Moreover, the results of sensitivity
analyses comparing exacerbation rates
for nonsmokers, conducted because the
response to ICS is attenuated in smokers
(33), supported the main analyses.

ICS / LABA combination=1.00 

0.99 (0.88–1.12)*

1.12 (1.00–1.24)†

1.04 (0.91–1.20)‡

1.04 (0.93–1.16)§

Lower with small-particle ICS Higher with small-particle ICS 

Acute respiratory event

Severe exacerbation

Treatment stability

Asthma control

Adjusted odds ratio / rate ratio (95% CI) for small-particle ICS

0.6 0.8 1 1.2 1.5

Figure 1. Adjusted outcome measures comparing a step-up in asthma therapy using increased
dose of small-particle ICS versus ICS/LABA combination inhaler. Definition of abbreviations: CI =
confidence interval; ICS = inhaled corticosteroid; LABA = long-acting b-agonist. Treatment stability
was defined as asthma control and no change in therapy. *Adjusted for smoking status (current
smoker/ex-smoker/nonsmoker/not specified), outpatient department attendance for asthma/lower
respiratory reasons (yes/no), number of oral corticosteroid prescriptions, and oral thrush (yes/no).
†Adjusted for smoking status, cardiac disease diagnosis (yes/no), and number of oral corticosteroid
prescriptions. ‡Adjusted for numbers of primary care consultations and oral corticosteroid
prescriptions. xAdjusted for year of index date, smoking status, medication possession ratio (number
of days’ supply of ICS/3653 100%) for ICS (,80%/>80%), and numbers of primary care
consultations, oral corticosteroid prescriptions, and courses of antibiotics for lower respiratory
tract infection.
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These data are in contrast to the results
of prior randomized controlled trials, which
suggested that adding LABA produces
better outcomes than increasing ICS in
a population still symptomatic on lower
dose ICS (4–11). However, as mentioned
previously, those randomized trials
excluded patients with prevalent
comorbidities and studied b-agonist–
responsive patients, who represent
a minority of the asthma population.
Furthermore, as discussed in the analysis
by regulatory agencies, the outcomes
in the trials, even those that looked at
exacerbations, included indices that are
disproportionately affected by agents that
affect airway caliber (18).

Our study can be criticized on the basis
of the fact that the data were not collected
prospectively. However, treatment and
prescribing data are considered to be reliably
recorded in UK general practice, and
the Clinical Practice Research Datalink
(formerly the GPRD) is the world’s largest
data set of anonymized longitudinal data
from primary care and is well validated,
managed with quality controls, and used
frequently for pharmacoepidemiologic
research (26, 34).

It is possible that physicians choose to
step up asthma therapy with add-on LABA

for patients with asthma they consider to be
more severe than that of patients for whom
they prescribe ICS dose step-up. We thus
conducted a matched cohort analysis to
reduce the possibility of prescribing bias. All
the indices of baseline asthma severity listed
in Table 2, including peak expiratory
flow, history of exacerbations, and prior
medication use, suggest that asthma was
of similar severity in the matched
cohorts. Our matching criteria are
applied sequentially; this approach
produces two cohorts of matched pairs of
patients, different from propensity score
matching, which produces two cohorts
with similar distributions of the multiple
covariates used to construct the score
(35). Although slight baseline differences
in asthma severity between treatment
cohorts might still be present, they are
unlikely to be of clinical significance.
Confounding was minimized by adjusted
analyses. Furthermore, the fact that
both of our analyses with different
corticosteroid molecules produced
similar results suggests that it is unlikely
that a systematic bias occurred.
Nonetheless, the possibility of
unrecognized confounding remains.

Our study analyses were limited to the
information available in the databases. It

would have been useful to compare lung
function from baseline to outcome year;
however, lung function is not regularly
measured in UK primary care. Moreover,
patient ethnicity is not recorded, limiting the
ability to generalize our findings by ethnic
background. Finally, it would have been
of interest to measure and compare
adherence to therapy between cohorts.
However, while we could not accurately
measure actual adherence via database
prescribing records, the findings of this
noninterventional study reflect the clinical
outcomes of real-life adherence as occurs
in primary care practice.

We found that ICS step-up and add-on
LABA step-up did not differ when we
accounted for exacerbations requiring oral
corticosteroids or an emergency department
visit or hospitalization. This was true
for each of the individual components
composing an exacerbation and is
somewhat reassuring regarding the adverse
effects of LABAs. We cannot comment
directly on daily symptom control, as this is
not available in the databases. There was
a slightly greater median use of b-agonists
in the ICS cohorts of 55 mg/day, which
represents an additional two-thirds of
a puff of b-agonist use per day. This is
not surprising because one would expect
a greater decrease in reliever b-agonist
use with LABA therapy (18). However, it
can be inferred from the data that there
were no major differences resulting in
patient dissatisfaction with asthma
control, as the same proportions of
patients in ICS step-up and LABA step-
up cohorts changed therapy during the
outcome year.

As with all asthma treatment
approaches, it is important to consider
the risk-to-benefit ratio when comparing
higher doses of ICS versus combination
therapy (11). We found that the
incidence of oropharyngeal candidiasis
(thrush) was similar (z5%) in the ICS
step-up and ICS/LABA cohorts. Rates
of pneumonia were low and similar;
and the numbers of antibiotic
prescriptions for lower respiratory tract
infection were similar in both two-way
comparisons.

Areas of interest for future research
include comparisons of other asthma
therapy step-up strategies, such as add-on
leukotriene modifiers and add-on LABA
using a separate inhaler. In addition,
patients who remain on the baseline ICS

ICS / LABA combination=1.00 

0.85 (0.67–1.07)*

0.89 (0.72–1.11)†

1.18 (0.92–1.54)‡

1.16 (0.95–1.41)§

Lower with standard SP ICS Higher with standard SP ICS

Acute respiratory event

Severe exacerbation

Treatment stability

Asthma control

0.6 0.8 1 1.2 1.5 2

Adjusted OR / RR (95% CI) for standard SP ICS step-up 

Figure 2. Adjusted outcome measures comparing a step-up in asthma therapy using increased dose
of standard size–particle ICS versus ICS/LABA combination inhaler. Definition of abbreviations: CI =
confidence interval; ICS = inhaled corticosteroid; LABA = long-acting b-agonist; OR = odds ratio;
RR = rate ratio; SP = size particle. Treatment stability was defined as asthma control and no change
in therapy. *Adjusted for non-asthma-related consultations and acute respiratory events during
baseline. †Adjusted for number of nonasthma consultations, adherence to ICS therapy, and antibiotic
use. ‡Adjusted for number of baseline severe exacerbations. xAdjusted for gastroesophageal reflux
diagnosis and/or therapy (yes/no), baseline acute respiratory events, and nonasthma consultations.
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dose throughout the follow-up period could
serve as a valuable control group for
comparison with step-up cohorts.

In conclusion, results of this matched
cohort observational study indicate that
stepping up antiinflammatory therapy
with an increased dose of ICS is as

effective as adding a LABA via fixed-dose
ICS/LABA combination inhaler for
a broad primary care asthma population.
Further research is needed to identify
subgroups of patients most likely to
benefit from one step-up strategy or the
other. n
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Supplementary Methods 

We drew on two UK primary care databases, the General Practice Research Database (GPRD) 

and the Optimum Patient Care Research Database (OPCRD) to study asthma-related outcomes 

for patients treated with ICS monotherapy who were prescribed a step up in asthma therapy. 

The GPRD (now part of the Clinical Practice Research Datalink) (E1) contained de-identified 

medical record data, including 3.6 million active records, from approximately 450 subscribing 

primary care practices throughout the UK (E2, E3). The OPCRD is an anonymized clinical 

research database containing medical record data and results of patient questionnaires from 

the OPC clinical advisory service, including approximately 350,000 patients with asthma or 

chronic obstructive pulmonary disease (COPD) at 300 primary care practices across the UK at 

the time of this study (E4, E5) 

Approval was given for use of the GPRD data by the GPRD Independent Scientific 

Advisory Committee. The OPCRD has been approved by Trent Multi Centre Research Ethics 

Committee for clinical research use, and the study protocol was approved by ADEPT 

(Anonymised Data Ethics Protocols and Transparency Committee), OPC’s independent scientific 

advisory committee. The study was conducted to standards suggested for observational 

studies, including an independent advisory group, use of an a priori analysis plan, commitment 

to publish, and use of well-maintained and monitored study databases (E6). 

 For the inhaled corticosteroid (ICS) step-up cohorts, the index date was defined as the 

date of the latest recorded increase in ICS dose with at least 1 year follow-up in the database. 
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Study Oversight 

Data acquisition and analysis were funded by an unrestricted grant from Teva Pharmaceuticals. 

Access to data from the Optimum Patient Care Research Database was co-funded by Research 

in Real Life Ltd (RiRL). Teva played no role in the conduct of the study, final interpretation of the 

results, or decision to submit the manuscript for publication. Data were collected and analyzed 

by the authors in the research team at RiRL, and the first draft of the manuscript was written by 

one of the authors. All authors provided input on the study design, selection of outcome 

measures, interpretation of the data, writing and revision of the paper, and decision to submit 

the paper for publication. 

 

Statistical Analysis 

We elected to conduct matched cohort analyses because characterization of patients at 

baseline indicated statistically and clinically significant differences between cohorts. 

Unmatched patients in the ICS step-up cohort had markers of less severe asthma (for example, 

fewer recorded exacerbations and lower prescribed ICS doses); patients in the combination 

ICS/LABA cohort were more likely to be male. 

 Matching was conducted before the analysis of outcomes; therefore, the matching was 

blinded to outcomes in the outcome year. If more than one match was identified for a given 

patient, bespoke software was used to randomly select unique matched pairs. 

 For matching purposes, doses of budesonide and large-particle beclomethasone (Clenil 

Modulite, Chiesi) were halved, and fluticasone doses of 250 μg and 500 μg were treated as 

equivalent to small-particle beclomethasone (Qvar) 200 μg and 400 μg, respectively. Index date 
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ICS doses are reported as halved budesonide doses and actual small-particle beclomethasone 

and fluticasone doses.  
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Labeled Doses Used in These Analyses: UK Labeling 

Medication Labeled dose 

(μg/puff) 

Ex-valve dose 

(μg) 

Ex-actuator 

dose (μg) 

    

Salbutamol (albuterol) 100 100 90 

Small-particle beclomethasone (Qvar) 50 

100 

50 

100 

40 

80 

Fluticasone (Flixotide) 50 

125 

250 

50 

125 

250 

44 

110 

220 

 

Potential Confounders Examined 

We assessed numerous potential confounding variables, including differences between 

treatment cohorts at baseline that we considered possibly important (P<0.10) and baseline 

variables predictive (P<0.05) of each effectiveness outcome in multivariate analyses. Variables 

meeting these criteria were examined for collinearity and clinical importance to select those 

used as potential confounders in the regression modeling of outcomes. Spearman correlation 

coefficients were calculated between all potential confounders to determine strengths of linear 

relationships between variables. The correlation coefficients were considered, in conjunction 

with clinical interpretation, to identify pairings of variables that could present collinearity issues 

at the modelling stage. Scatter plots and error bars were used if necessary to further investigate 
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relationships. This final group of non-collinear potential confounders was entered into the 

relevant model which was step-wise reduced. 

Potential confounders examined at (or closest to) the relevant index date: 

 Age  

 Sex 

 Height 

 Weight  

 Lung function, in terms of peak flow readings  

 Smoking status 

Potential confounders examined regardless of when they occurred relative to the index date: 

 Date of first asthma, other respiratory and allergy-related diagnosis (where known) 

 Other respiratory or other confounding diagnoses, including: rhinitis, smoking 

history, COPD, gastroesophageal reflux disease and cardiac disease. Comorbidities 

were also expressed using the Charlson comorbidity index (CCI). 

Potential confounders examined in the year before the index date: 

 All asthma, allergy, and other respiratory treatments  

 Where ICS have been prescribed, the total dose prescribed as actual dose for small-

particle beclomethasone (Qvar) and fluticasone and half of prescribed dose of 

budesonide and large-particle beclomethasone (Clenil) for equivalence with small-

particle beclomethasone 

 Number of GP consultations for asthma or other respiratory illness  

 SABA dose  
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 Proxy composite measure for asthma control 

 Number of hospital outpatient department (OPD) attendances where asthma was 

recorded as the reason for referral  

 Number of asthma or possibly respiratory-related hospitalizations (a non-specific 

hospitalization code and an asthma / respiratory code within a 1-week window)   

 Number of prescriptions for any antibiotic where the reason for the prescription was 

either a lower or upper respiratory tract infection 

 Other medications that might interfere with asthma control, e.g., beta blockers, 

nonsteroidal anti-inflammatory drugs, and acetaminophen  
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Figure legends 

Figure E1. Patient selection in the datasets for small-particle ICS and ICS/LABA combination 

cohorts 

Definition of abbreviations: BDP = beclomethasone dipropionate; BAI = breath-actuated inhaler; 

COPD = chronic obstructive pulmonary disease; DPI = dry powder inhaler; FDC = fixed-dose 

combination; ICS = inhaled corticosteroid; COPD = chronic obstructive pulmonary disease; LABA 

= long-acting β-agonist; OCS = oral corticosteroid; pMDI = pressurized metered-dose inhaler; Rx 

= therapy; Script = prescription. 

Figure E2. Patient cohort two-way matching for small-particle ICS and ICS/LABA combination 

cohorts. 

Definition of abbreviations: BDP = denotes beclomethasone dipropionate; ICS = inhaled 

corticosteroid; LABA = long-acting β-agonist; SABA = short-acting β-agonist. 

Figure E3. Patient selection in the datasets for standard size-particle ICS (see Figure E1 for 

patient selection for the ICS/LABA combination cohort) and two-way matching for standard 

size-particle ICS vs. ICS/LABA combination cohorts. 

Definition of abbreviations: ICS = inhaled corticosteroid; COPD = chronic obstructive pulmonary 

disease; LABA = long-acting β-agonist; OCS = oral corticosteroid; SABA = short-acting β-agonist. 
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Table E1. Additional baseline demographic and clinical characteristics of the patients in ICS step-up and ICS/LABA combination 

inhaler cohorts 

 
Small-particle ICS step-up vs. 

ICS/LABA comb inhaler 

 Standard size-particle ICS step-up 

vs. ICS/LABA comb inhaler 

Characteristic 
ICS step-up 

(N = 3036) 

ICS/LABA 

combination 

(N = 3036) 

 
ICS step-up 

(N = 809) 

ICS/LABA 

combination 

(N = 809) 

Body mass index, kg/m2, mean (SD)† 27.6 (6.2) 27.6 (6.3)  25.9 (9.1) 27.7 (6.2)*** 

≥1 prescription prior 12 mo, n (%)      

Nonsteroidal anti-inflammatory drug 678 (22.3) 701 (23.1)  194 (24.0) 190 (23.5) 

Beta blocker 91 (3.0) 91 (3.0)  19 (2.3) 28 (3.5) 

Acetaminophen 662 (21.8) 654 (21.5)  166 (20.5) 189 (23.4) 

Database code for asthma, n (%) 2912 (95.9) 2898 (95.5)  791 (97.8) 789 (97.5) 

Spacer device used, n (%) 418 (13.8) 394 (13.0)  167 (20.6) 122 (15.1) 

Acute respiratory events, n (%)      

0 2008 (66.1) 2027 (66.8)  508 (62.8) 510 (63.0) 

1 645 (21.2) 648 (21.3)  173 (21.4) 180 (22.2) 

2 253 (8.3) 229 (7.5)  85 (10.5) 74 (9.1) 

≥3 130 (4.3) 132 (4.3)  43 (5.3) 45 (5.6) 

Asthma prescriptions, median (IQR) 5 (3–9) 5 (3–8)**  6 (3–9) 5 (3–9) 
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≥1 LTRA prescription prior 12 months, n (%) 51 (1.7) 61 (2.0)  23 (2.8) 26 (3.2) 

All primary care consultations, median (IQR) 7 (4–11) 7 (4–11)  8 (5–14) 7 (4–12)* 

Oropharyngeal candidiasis, n (%) 111 (3.7) 87 (2.9)  40 (4.9) 30 (3.7) 

Definition of abbreviations: ICS = inhaled corticosteroid; IQR = interquartile range; LABA = long-acting β-agonist. 

*P≤0.05, **P<0.01, ***P<0.001, conditional logistic regression for two-way comparison between cohorts.  

†Recorded data were available for body mass index for 2781 (91.6%) and 2778 (91.5%) patients in small-particle ICS step-up and 

ICS/LABA combination cohorts, respectively, and for 771 (95.3%) and 742 (91.7%) in standard size-particle ICS and ICS/LABA 

combination cohorts, respectively. 
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Table E2. Sensitivity analysis: baseline exacerbations and acute respiratory events in non-smoking matched patients in ICS step-up 

and ICS/LABA combination inhaler cohorts 

 
Small-particle ICS step-up vs. 

ICS/LABA comb inhaler 

 Standard size-particle ICS step-up 

vs. ICS/LABA comb inhaler 

Characteristic 
ICS step-up 

(N = 2040) 

ICS/LABA 

combination 

(N = 2040) 

 
ICS step-up 

(N = 571) 

ICS/LABA 

combination 

(N = 571) 

Severe exacerbations, n (%)      

0 1550 (76.0) 1554 (76.2)  415 (72.7) 418 (73.2) 

1 330 (16.2) 347 (17.0)  95 (16.6) 98 (17.2) 

2 104 (5.1) 93 (4.6)  40 (7.0) 36 (6.3) 

≥3 56 (2.7) 46 (2.3)  21 (3.7) 19 (3.3) 

Acute respiratory events, n (%)      

0 1392 (68.2) 1406 (68.9)  367 (64.3) 368 (64.4) 

1 403 (19.8) 413 (20.2)  116 (20.3) 117 (20.5) 

2 153 (7.5) 137 (6.7)  60 (10.5) 54 (9.5) 

≥3 92 (4.5) 84 (4.1)  28 (4.9) 32 (5.6) 

No significant differences between cohorts (conditional logistic regression).  
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Table E3. Sensitivity analysis: outcome year exacerbations and acute respiratory events in 

non-smoking matched patients in ICS step-up and ICS/LABA combination inhaler cohorts 

Outcome 

ICS Step-Up 
ICS/LABA 

Combination 

Adjusted Rate Ratio 

for ICS Step-Up 

(95% CI) 

 Small-particle 

ICS step-up 

(N = 2040) 

ICS/LABA 

combination 

(N = 2040) 

 

Severe exacerbations, n (%)    

0 1722 (84.4) 1733 (85.0) 1.05 (0.88–1.25)* 

1 229 (11.2) 225 (11.0)  

2 45 (2.2) 48 (2.4)  

≥3 44 (2.2) 34 (1.7)  

Acute respiratory events, n (%)    

0 1579 (77.4) 1573 (77.1) 1.05 (0.91–1.20)† 

1 320 (15.7) 337 (16.5)  

2 83 (4.1) 81 (4.0)  

≥3 58 (2.8) 49 (2.4)  

 

Standard Size-Part. 

ICS step-up 

(N = 571) 

ICS/LABA 

combination 

(N = 571) 

 

Severe exacerbations, n (%)    

0 462 (80.9) 476 (83.4) 1.21 (0.78–1.88)‡ 

1 69 (12.1) 63 (11.0)  

2 25 (4.4) 18 (3.2) 
 

≥3 15 (2.6) 14 (2.5) 

Acute respiratory events, n (%)     

0 415 (72.7) 435 (76.2) 1.21 (0.93–1.58)§ 

1 99 (17.3) 92 (16.1)  
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2 34 (6.0) 22 (3.9)  

≥3 23 (4.0) 22 (3.9)  

Definition of abbreviations: ICS = inhaled corticosteroid; LABA = long-acting β-agonist. 

*Adjusted for numbers of primary care consultations and acute courses of oral steroids. 

†Adjusted for numbers of antibiotic prescriptions for lower respiratory tract infection and acute 

courses of oral steroids. 

‡Adjusted for Charlson comorbidity index score and number of baseline severe exacerbations. 

§Adjusted for number of non-asthma consultations for lower respiratory tract infection and 

baseline acute respiratory events. 
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