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ABSTRACT

Background: A step-up approach (increasing inhaled corticosteroid [ICS] dose and/or add-on treatment) is recommended
for asthma that is uncontrolled despite ICS plus long-acting beta-2–agonist (LABA) combination treatment. Understanding
the impact of different treatment options on health outcomes can help guide treatment decision-making.
Objective: To compare the effectiveness of add-on tiotropium 1.25 mg (two puffs once daily) versus an increased ICS plus

LABA dose in a real-world cohort of patients with asthma initiated on ICS plus LABA.
Methods: De-identified data from patients ages �12 years and with asthma who were initiated on ICS plus LABA, and

then had tiotropium added (Tio group; index date) or an ICS plus LABA dose increased (inc-ICS group; index date) were col-
lected from two medical and pharmacy claims data bases (2014–2018). To account for population/group differences, propensity
score matching was performed. The primary end point was the exacerbation risk after the index date. Secondary end points
included exacerbation rates 6 and 12 months postindex, health-care resource utilization, costs, and short-acting beta-2–agonist
(SABA) refills 12 months postindex.
Results: Overall, 7857 patients (Tio group, 2619; inc-ICS group, 5238) were included. The exacerbation risk was 35% lower

in the Tio group than in the inc-ICS group (hazard ratio 0.65 [95% confidence interval, 0.43–0.99]; p= 0.044). Exacerbation
rates in the Tio group also were significantly lower within 6 and 12 months postindex (64% and 73%, respectively). All-cause
and asthma-related emergency department (ED) visits were 47% and 74% lower, respectively (p< 0.0001 for both), and all-
cause and asthma-related hospitalizations were 48% (p< 0.01) and 76% (p< 0.001) lower, respectively, in the Tio group. Also,
significantly fewer patients in the Tio group versus the inc-ICS group required SABA refills (56% versus 67%, p< 0.0001).
Conclusion: Add-on tiotropium significantly decreased the risk and rate of exacerbations, decreased all-cause and asthma-

related ED visits and hospitalizations, and reduced SABA refills compared with increasing the ICS plus LABA dose. The find-
ings supported the use of add-on tiotropium for patients with uncontrolled asthma taking ICS plus LABA.

(Allergy Asthma Proc 41:1–8, 2020; doi: 10.2500/aap.2020.41.200036)

A sthma is a heterogeneous condition that is usually
characterized by chronic airway inflammation.1 In

2017, >25 million Americans had asthma, >11 million
people reported having one or more exacerbations in
the past year, and ;1.7 million emergency department

(ED) visits were documented.2 According to the Global
Initiative for Asthma (GINA) strategy,1 a control-based
asthma management cycle that involves a stepwise
pharmacologic approach should be followed to achieve
good symptom control and to minimize future risk (of
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exacerbations and medication adverse effects). For
patients who remain uncontrolled while on low-dose
inhaled corticosteroid (ICS) plus long-acting beta-2–ago-
nist (LABA) combination treatment, other controller
options outlined in the GINA treatment strategy1 include
medium-dose ICS or low-dose ICS plus leukotriene re-
ceptor antagonist (GINA step 31). For patients uncon-
trolled on medium- or high-dose ICS plus LABA, one of
the treatment options includes tiotropium, a long-acting
muscarinic antagonist (GINA steps 4 and 5).1 Despite rec-
ommendations and effective treatments, many patients
with asthma remain uncontrolled. According to a web-
based survey from the United States (U.S.) of patients
with asthma diagnoses for �1 year and on multiple con-
troller medications, 55% had uncontrolled asthma.3

Comparable results were also observed in the European
National Health andWellness Survey.4

Uncontrolled asthma is an important risk factor for
exacerbations1,5 and may lead to oral corticosteroid
use, ED visits, and/or hospitalizations.6 Further, 20-
year (2019 to 2038) direct and indirect costs associated
with uncontrolled asthma are projected to be $963.5
billion (in 2018 dollars), with adults and adolescents
losing ;15.5 million quality-adjusted life years.7 When
considering this substantial socioeconomic burden,7

achieving and maintaining asthma control represent
important treatment goals.1 Tiotropium (Spiriva
Respimat (Boehringer Ingelheim Pharmaceuticals, Inc.
Ridgefield, Connecticut, U.S.), 1.25 mg [two puffs once
daily]), a long-acting muscarinic antagonist delivered
via the Respimat soft-mist inhaler, is approved in the
U.S. for long-term, once-daily maintenance treatment
of asthma in patients�6 years of age.8

Add-on tiotropium improves lung function and
reduces exacerbations and asthma worsening.9–11 The
efficacy and safety of add-on tiotropium have been
demonstrated across age groups (children, adolescents,
and adults) and asthma severities (mild, moderate, and
severe).9–17 To better understand the impact of different
treatment options on health outcomes and, ultimately,
to help guide treatment decisions, we compared the
effectiveness of add-on tiotropium versus an increased
ICS plus LABA dose in a real-world cohort of U.S.
patients with asthma who were newly initiated on ICS
plus LABA.

METHODS

Data Sources
De-identified data for patients with asthma were col-

lected from the IMS LifeLink PharMetrics Plus (IQVIA,
Durham, North Carolina, U.S.) and the EMRClaims+
(eMAX Health Systems, New York, U.S.) data bases
between January 2014 and December 2018. IMS
LifeLink PharMetrics Plus is one of the largest U.S.
health plan claims data bases. In addition to covering

90% of the U.S. hospitals, this data base contains
administrative insurance data of medical and phar-
macy claims, and enrollment information derived from
;150 million commercially insured and Medicare
lives.18 The EMRClaims+ data base includes medical
and pharmacy claims of >2 million lives and contains
>20 million electronic records from nine states in the
U.S.19

Study Design
In this retrospective cohort study, all the patients

with asthma were required to have received ICS plus
LABA therapy, and the ICS plus LABA initiation date
was defined as the date of the first ICS plus LABA pre-
scription (Fig. 1). This cohort was followed up to iden-
tify two arms of the study. One group received
tiotropium Respimat 1.25 mg (two puffs once daily)
(Tio group), and the other group had their ICS plus
LABA dose increased (inc-ICS group). The index dates
were defined as the date on which add-on tiotropium
Respimat (1.25 mg, two puffs once daily) was pre-
scribed or the date on which the ICS plus LABA dose
was escalated (baseline low- to medium-/high-dose
ICS plus LABA, baseline medium- to high-dose ICS
plus LABA, or an additional prescription or refill of
high-dose ICS plus LABA after the first prescription
of baseline high-dose ICS plus LABA [evidenced by
�90 days of prescription use]). Because further dose
escalation in the group of patients on high-dose ICS
plus LABA was not possible, they were compared
with patients who had tiotropium added to a high
dose of ICS plus LABA. The time between the ICS plus
LABA initiation date and the index dates was defined
as the preindex period, and the follow-up period was a
minimum of 1 month postindex. The follow-up time
was weighted based on the number of months avail-
able for each patient, which eliminated the effect of
any aggregate differences in the follow-up time.
Because de-identified retrospective claims data were

used for analyses, the study was considered as “not
human subjects research” according to the National
Institutes of Health guidance,20 and the analysis was
exempted by our institutional review board. However,
institutional review board approval was obtained for
the EMRClaims+ source by the Henry Ford Health
System. Author contributions were the following. B.
Chipps, G. Mosnaim, S.K. Mathur, L. Lamerato, and R.
Settipane contributed to the studydesign and the imple-
mentation, data analysis and interpretation, and were
involved in the preparation of the manuscript. A.
Shaikh, S. Khoury, G. Gopalan, and S.R. Palli are
employees of Boehringer Ingelheim Pharmaceuticals,
Inc., and contributed to study concept, design, imple-
mentation andmanagement, data analysis and interpre-
tation, and preparation of the manuscript. J. Casciano
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and Z. Dotiwala are employees of eMAX Health and
contributed to the overall design of the study, study
management, data analysis and interpretation, and
manuscript development. All the authors were
involved in the writing of the manuscript and the deci-
sion to submit themanuscript for publication.

Study Population
Patients ages �12 years with an asthma diagnosis

who were initiated on ICS plus LABA and then started
on the add-on tiotropium Respimat 1.25 mg (two puffs
once daily) (Tio group) or had their ICS plus LABA
dose increased (inc-ICS group) were included. Patients
were required to have continuous enrollment for 6
months before (baseline period) and �1 month after
(follow-up period) the index date, with no limit on the
maximum allowed follow-up. Data from the patients
in the inc-ICS group were excluded if they used add-
on tiotropium during the study period.
Patients with a diagnosis of chronic obstructive pul-

monary disease at any time during the study period,
patients who received tiotropium Respimat during the
preindex period or one or more biologics for asthma
management 12 months before the index dates, and
patients who were unmatched after propensity score
matching (PSM) were excluded. By matching the
patients in the case and control groups, PSM was used
to estimate the average effect of treatment and reduce
bias due to confounding variables, such as population
and group differences.21 Each patient in the case (Tio)
group was matched to two similar patients in the

control (inc-ICS) group to create a balanced dataset for
the comparison of the groups (Supplemental Table 1).

Data Collection
Patients’ sex and age were recorded on the ICS plus

LABA initiation date. Comorbidities included in the
Charlson Comorbidity Index (CCI) were identified, and a
compositeCCI scorewas calculated.Other specific comor-
bidities identified were hypertension, gastroesophageal
reflux disease, anxiety anddepression, and endocrine and
metabolic disorders. Polypharmacy was calculated as the
total number of drug claims identified at baseline. To bet-
ter qualify the patients before PSM, a binarymeasure was
used to classify baseline asthma control status as either
“well controlled” (if patients had no prescriptions for an
oral corticosteroid andno asthma-relatedEDvisits or hos-
pitalizations other than thefirst diagnosis) or “poorly con-
trolled” (if anyof the events occurred).

End Points
The primary end point was the risk of exacerbation

(ED visit or hospitalization with a primary diagnosis of
asthma or an asthma exacerbation diagnosis) after the
index date. Secondary end points included the rates of
exacerbation within 6 and 12 months postindex, health-
care resource utilization (frequency of all-cause and
asthma-related ED visits, hospitalizations, and outpa-
tient visits during follow-up, and associated medical
and pharmacy costs), and short-acting beta-2–agonist
(SABA) refills (proportion of users and the number of
medications among users) within 12 months postindex.

Total study period:Total study period: January 2014 to December 2018 January 2014 to December 2018

inc-ICSinc-ICS
groupgroup

Index dateIndex date

EndpointsEndpoints

Follow-up periodFollow-up period

Tio groupTio group

Preindex periodPreindex period

Matching by PSMMatching by PSM
At least 6 monthsAt least 6 months††

ICS+LABA ICS+LABA 
initiationinitiation

datedate

Step-up ICS+LABAStep-up ICS+LABA
date*date*

Tio-RespimatTio-Respimat®® 1.25 μg 1.25 μg
initiation dateinitiation date

MatchedMatched
cohortcohort

At least 30 daysAt least 30 days‡‡

•   Risk of exacerbation•   Risk of exacerbation
•   Rate of exacerbation•   Rate of exacerbation
•   HCRU•   HCRU
•   HCRU cost•   HCRU cost
•   SABA refills•   SABA refills

Retrospective data sourcesRetrospective data sources

Average follow-up timeAverage follow-up time

•    IMS PharMetrics•    IMS PharMetrics
•    EMRClaims+ •    EMRClaims+ 

•   Tio group: 9.7 months•   Tio group: 9.7 months
•   inc-ICS group: 24.1 months•   inc-ICS group: 24.1 months

Figure 1. Study design *“Step-up” from low-dose ICS+LABA to medium-/high-dose ICS+LABA or from medium-dose ICS+LABA to
high-dose ICS+LABA or an additional prescription/refill of high-dose ICS+LABA after the first prescription of high-dose ICS+LABA
(evidenced by�90 days of prescription utilization) within the study period; †Patients could not have used tiotropium during the preindex period
or biologics for 12 months before the index date; ‡Could be as long as until the last day of enrollment, treatment, or data extraction. HCRU =
Health-care resource utilization; ICS = inhaled corticosteroid; inc-ICS = increased dose of ICS; LABA = long-acting beta-2–agonist; PSM = pro-
pensity score matching; SABA = short-acting beta-2–agonist; Tio = tiotropium.
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Data Analysis
To ensure that the study was sufficiently powered,

6300 evaluable patients were required to show signifi-
cance based on the effect size for the primary end
point. More than 7800 patients were included in these
analyses; therefore, the power was estimated to be
>80%. The primary end point (exacerbation risk) was
analyzed by using the Cox proportional hazards
model, which considers both the occurrence and time
to occurrence of the first event. For the secondary end
points, exacerbation rates (per 100 patient-years)
within 6 and 12 months postindex were determined;
rates (per 100 patient-years) of all-cause and asthma-
related ED visits, hospitalizations, and outpatient visits
postindex were calculated to determine health-care
resource utilization within 12 months postindex; and
the proportion of patients with SABA refills and
the mean 6 standard deviation number of SABA med-
ications refilled within 12 months postindex were
determined.

RESULTS

Study Population and PSMDistribution
In total, 1,322,096 patients who initiated treatment

with ICS plus LABA during the preindex period were
screened (Fig. 2). Of these, 7857 patients were included
in the analyses, with 2619 patients in the Tio group
and 5238 patients in the inc-ICS group. Significant dif-
ferences in each baseline parameter were observed
before PSM. However, PSM eliminated confounding
parameters and balanced all covariates, except for age
distribution and CCI score, which were significantly
higher in the Tio group (p< 0.05) (Supplemental Table
2). The follow-up time was shorter for the Tio group
than for the inc-ICS group (9.7 versus 24.1 months,
respectively) (Fig. 1). Because the study included
patients from 2014 through 2018 and tiotropium was
approved for asthma management in the U.S. in
September 2015, patients in the inc-ICS group who

started before September 2015 had a longer available
follow-up time.

Exacerbations
The risk of exacerbation was 35% lower in the Tio

group versus the inc-ICS group (hazard ratio 0.65 [95%
confidence interval, 0.43–0.99]; p<0.05). Compared
with the patients in the inc-ICS group, those in the Tio
group had significantly lower exacerbation rates
within 6 months (64% lower; 41.4 versus 116.1 cases
per 100 person-years, p< 0.0001) and 12 months (73%
lower; 15.7 versus 57.2 cases per 100 person-years;
p< 0.0001) postindex (Fig. 3).

Health-Care Resource Utilization
Within 12 months postindex, all-cause and asthma-

related ED visit rates were 47% and 74% lower (p<0.0001
for both) in the Tio group than in the inc-ICS group,
respectively. Similarly, all-cause and asthma-related hos-
pitalization rates were 48% (p<0.01) and 76% (p< 0.001)
lower in the Tio group than in the inc-ICS group, respec-
tively, within 12 months postindex. All-cause and
asthma-related outpatient visits were not significantly
different between the two groups (Fig. 4).

SABA Refills
The proportion of patients with SABA refills was sig-

nificantly lower in the Tio group (56%) than in the inc-
ICS group (67%) (p< 0.0001) (Fig. 5a). Further, among
patients with SABA refills, those in the Tio group
refilled significantly fewer SABA prescriptions versus
those in the inc-ICS group (mean 6 standard devia-
tion, 3.06 3.0 versus 3.66 4.4; p<0.05) (Fig. 5b).

DISCUSSION
The results of this study provided real-world evi-

dence on treatment effectiveness, in the U.S., in
patients with asthma uncontrolled on ICS plus LABA,
and highlighted the impact of making appropriate

Patients with ICS+LABA initiation (N=1322096)

Patients with add-on Tio
(n=3229)

Patients with step-up ICS+LABA
(n=139979)

Patients with asthma (n=618459)

n=1012713

n=3046

183

65

362

8699

643

7278

188121

n=2981

n=2619 (unmatched)

n=2619

n=131280

n=130637

n=123359 (unmatched)

n=5238

n=681284

Tio group inc-ICS group

Continuous enrollment for
6 months before index date

Excluding biologic use within
12 months of index date

≥30 days of enrollment after
index date

Matched sample (PSM)

Excluding patients without an asthma diagnosis (n=331429)

Excluding patients with COPD (n=309383) 

Excluding patients <12 years old at ICS+LABA initiation (n=62825)

(

Figure 2. Patient disposition. COPD =
Chronic obstructive pulmonary disease;
inc-ICS = increased dose of inhaled corti-
costeroid; LABA = long-acting beta-2–
agonist; PSM = propensity score match-
ing; Tio = tiotropium.
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treatment choices to optimize patient care. Specifically,
these findings supported maximizing bronchodilation
compared with increasing the dose of ICS plus LABA
(at GINA step 41)—adding tiotropium Respimat 1.25
mg (two puffs once daily) to ICS plus LABA signifi-
cantly impacted health outcomes (i.e., reduced the risk
and rate of exacerbations) in a real-world cohort of
patients with uncontrolled asthma despite ICS plus
LABA therapy. When considering that the 12-month
exacerbation rate included the 6-month data, the
results indicated that patients with uncontrolled
asthma benefited as early as 6 months after initiating
tiotropium add-on therapy. Reductions in the rates of
exacerbation were accompanied by reductions in all-
cause and asthma-related ED visits and hospital
admissions as well as SABA refills. Analysis and inter-
pretation of cost data are ongoing.
The results observed in this real-world study com-

plement the evidence from the tiotropium develop-
ment program in asthma, in which add-on tiotropium
Respimat had beneficial effects on exacerbations and
asthma worsening.9,10 In real-world studies conducted
in other countries, tiotropium add-on therapy also was
effective in reducing asthma exacerbations and ED
visits.22,23

Use of biologic therapy as a controller treatment
option for managing asthma is expensive,24 and is lim-
ited by the need for phenotype assessment (e.g., for
anti-immunoglobulin E, anti–interleukin (IL) 5, anti–
IL-5 receptor, anti–IL-4/IL-13 receptor)1 and the chal-
lenges associated with identifying predictors of
response (e.g., blood eosinophil counts �260 cells/mL,
exhaled nitric oxide �20 ppb, childhood-onset asthma,
and a clinical history that suggests allergen-driven
symptoms as potential predictors of good asthma
response to omalizumab),25 a focus of current
research.26 In an exploratory subgroup analysis of four
randomized controlled trials (RCTs), tiotropium added
to ICS with or without LABA in patients with sympto-
matic asthma led to improvements in lung function,
exacerbation risk, and symptom control, independent
of the patients’ T2 phenotype.27

Moreover, tiotropium added to ICS plus LABA was
a cost-effective alternative to add-on omalizumab or
continued standard therapy for uncontrolled allergic
asthma in a U.S. cost-effectiveness analysis.28 Real-
world studies in several European countries also show
that tiotropium added to the standard of care is cost
effective.29–33 Collectively, results of the present and
other real-world studies suggest that treatment with
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add-on tiotropium should be considered before pre-
scribing biologics at GINA step 5.1

Finally and importantly, results of the present study
and other real-world studies are also consistent with
clinical trials that demonstrated the impact of add-on
tiotropium on exacerbations and ED visits, and pro-
vided reassurance and much needed evidence that
treatment with add-on tiotropium is effective not only
in a highly selective cohort of patients typical of
RCTs9,10 but also in real-world settings.22,23 Moreover,
in a subgroup analysis of two replicate RCTs, asthma
control was improved, and the risk of severe exacerba-
tions was reduced in patients with asthma who
remained symptomatic despite medium-dose ICS,
largely independent of baseline characteristics.34

An important strength of this study included genera-
tion of clinically relevant findings by using a large, real-
world cohort in the U.S. of patients with asthma by
using two large health services and claims data bases
(IMS LifeLink PharMetrics Plus and EMRClaims+).

These patients are presumed nationally representative of
patients with asthma. PSM was performed to precisely
estimate the treatment effect and to eliminate bias by
accounting for population and group differences.
Although residual confounding (e.g., significantly higher
CCI scores in the Tio group after PSM) may slightly
reduce internal validity, use of two large data bases pro-
vides a comprehensive geographic representation of
patients in a real-world setting, which enabled high
external validation and generalization of the results to a
wider population across the U.S. Moreover, results of
RCTs of tiotropium in adolescents (RubaTinA-asthma)17

corroborate in adults (MezzoTinA-asthma)10 with com-
parable asthma severity, which suggested that findings
across the tiotropium development program are consist-
ent in both adolescents and adultswith asthma.
Limitations included those inherent to the design of

a retrospective real-world study35 and the lack of infor-
mation about events and rate of events that did not
result in a paid claim, actual SABA use, inhaler tech-
nique, medication adherence, and influence of comor-
bidities on uncontrolled symptoms. Time to biologic
use could not be assessed in the study population
because an insufficient sample size precluded reliable
comparisons between the treatment groups. In addi-
tion, SABA refills were used as a surrogate of asthma
control; however, this approach does not necessarily
accurately reflect patient’s symptoms, activity limita-
tion, and actual SABA use.
Although minimizing SABA use represents an im-

portant goal for asthma management,36 refilling more
than one SABA inhaler within a 12-month time frame
in a real-world setting may suggest inadequate control
in both treatment groups.
Further, bias may have been introduced because of

remnant confounding after PSM and the different
follow-up durations between the two treatment
groups. Whether factors besides the type of treat-
ment (add-on tiotropium or increasing dose of ICS
plus LABA) influenced the difference in follow-up
duration was unknown.

CONCLUSION
Maximizing bronchodilation by adding tiotropium

Respimat 1.25 mg (two puffs once daily) added to ICS
plus LABA significantly reduced the risk and rate of
exacerbations compared with increasing the ICS plus
LABA dose in a real-world cohort in the U.S. of
patients with asthma. These significant clinical
improvements translated to fewer ED visits and hospi-
talizations. The findings of this real-world study sup-
ported the use of tiotropium Respimat as add-on
therapy for patients with uncontrolled asthma who
were taking ICS plus LABA at a low dose.
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