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Background
Asthma imposes a substantial burden on the healthcare system with poor symptom control doubling treatment
cost versus patients with adequate control (ACAAI). The European National Health and Wellness Survey and the 
Real-world Evaluation of Asthma Control and Treatment (US) survey both found that 55% of asthma patients 
were uncontrolled, even among those who are treated (Peters 2007, Braido 2013). Asthma therapy involves a 
stepwise approach depending on control and severity levels. Uncontrolled asthma, which may present 
regardless of severity level, results in exacerbations, use of systemic corticosteroids, and declined lung function 
(Chung 2014). When asthma is not controlled, guidelines recommend increased ICS dose, and use of ICS in 
combination with long-acting β2-agonists (LABA), and/or other add-on therapy, including leukotriene receptor 
antagonists (LTRA), antibody biologics or oral corticosteroids.  The ERS/ATS guidelines (Chung 2014) define 
severe asthma as that which remains uncontrolled despite use of high dose ICS as well as controller medications 
or systemic corticosteroids. Uncontrolled asthma is associated with an increased risk of exacerbation, which 
results in impaired lung function, reduced patient quality of life and increased health care resource use. To 
better guide treatment decision making, it is imperative to understand the impact of different treatment choices 
on health outcomes in a real-world setting for patients taking ICS/LABA combinations. This study was conducted 
to assess the impact of tiotropium add-on therapy on important health outcomes in patients with asthma.

Objective
To evaluate the effectiveness of add on therapy with tiotropium Respimat® compared to increasing the dose of 
ICS/LABA in patients with a diagnosis of asthma started on ICS/LABA.

Methods

Data sources
This study included asthma patients from two retrospective data sources described below. Both databases have 
been widely published in the academic asthma literature. Data from January 2014- December 2018 was
extracted, with the first patient follow-up period for tiotropium 1.25 mcg dose patients starting January 2016.

IMS Pharmetrics 
Data from January 2014-2018 was extracted, with the first recorded use of tiotropium 1.25 mcg starting at 
January 2016.  This database is one of the largest US health plan claims database. It contains administrative 
insurance data of medical and pharmacy claims and enrolment information derived from approximately 150 
million commercially insured and Medicare lives. This longitudinal database allows documentation and analysis 
of the patient journey from diagnosis to intervention and follow-up. It is nationally representative of the 
commercially insured population and also covers 90% of US hospitals.

EMRClaims+ 
EMRClaims+® is an integrated health services database containing more than 20 million medical records across 
seven states in the Midwestern region of the United States. The database includes administrative insurance 
claims of approximately 690,000 lives linked to an overlapping healthcare provider database of EMR, including 
laboratory values, and provider billing files. The database also offers lung function results, Asthma Control Test 
(ACT) scores, as well as eosinophil counts for asthma patients in addition to administrative data.



Effectiveness of Tiotropium Add-on Therapy Final Report

Version Date: September 19, 2019

________________________________________________________________________________________________________________

2

Study design and Measures
All patients with asthma were required to have used ICS/LABA therapy [Advair (Diskus and HFA), Airduo, Breo, 
Dulera, or Symbicort]. The date of the first ICS/LABA within the study period was defined as ICS/LABA-initiation 
(ICS/LABAi) date. These patients were followed to identify use of tiotropium Respimat® 1.25 mcg, or a dose 
increase of ICS/LABA. Patients who used tiotropium Respimat® 1.25 mcg were classified as ‘Tio’ group. Other 
patients who did not receive tiotropium during the study period but received a ‘step-up’ from baseline low-dose 
ICS/LABA to medium/high dose ICS/LABA or from baseline medium dose ICS/LABA to high dose ICS/LABA or 
persistent use of high-dose-ICS/LABA following the first prescription of baseline high dose ICS/LABA within the 
study period, were classified as the ‘Non-Tio’ group. The date of the first prescription for tiotropium Respimat® 
1.25 mcg was defined as the index date for the ‘Tio’ group. Similarly the date of the first  step-up from baseline 
low-dose ICS/LABA to medium/high dose ICS/LABA or from baseline medium dose ICS/LABA to high dose 
ICS/LABA or an additional prescription/refill of high-dose-ICS/LABA following the first prescription of baseline 
high dose ICS/LABA within the study period was defined as the index date for the ‘Non-Tio’ group.  Patients were 
required to have continuous enrollment for 6 months prior to (“baseline period”) and at least one month after
(“follow-up period”) the index date.

Patient gender and age at ICS/LABA initiation date was recorded. Comorbidities included in the Charlson 
Comorbidity Index (CCI) were identified during the baseline period and a composite CCI score was calculated.
Other specific comorbidities identified were hypertension, gastro-esophageal reflux disease, anxiety and 
depression, and endocrine and metabolic disorder. Polypharmacy at baseline, was calculated as total number of 
drug claims identified during baseline. Baseline asthma control status was classified as a binary measure as 
‘Well’ If patients had no prescriptions for an oral corticosteroid (OCS), and no asthma-related emergency 
department visits or hospitalizations other than the first diagnosis, and as ‘Poor’ for all others. Where available, 
Asthma Control Test (ACT) score and eosinophil blood count (EOS) levels as available, were identified at baseline 
for data extracted from EMRClaims+® only.  

The primary outcome of interest was the risk of exacerbation after the index date. Exacerbations were defined 
as as either a hospitalization or an ER visit with a primary diagnosis of asthma. Secondary outcomes of interest 
included rate of exacerbation, health care resource use (HCRU) defined as all-cause and asthma related 
hospitalizations, ER visits, and outpatient visits, and associated costs as well as use of rescue medication and 
time to biologic use.  Additional data-dependent secondary measures with limited availability were evaluated 
for feasibility of comparative subgroup analyses including EOS levels, ACT scores, and Lung Function Test Results 
(% Forced Expiratory Volume). 

Propensity Score Modeling
To account for population and group differences we conducted propensity score matching (PSM) to create 
matched case and control groups. Baseline differences in patient characteristics, comorbidity levels, and disease 
status can cause confounding in interpretation of the outcome in relation to the intervention of interest. PSM 
matches each patient in the case group to 2 similar patients from the control group and creates a balanced
dataset for comparison of groups based on the intervention of interest. In this study, PSM was conducted to 
match patients based on the parameters shown in Table 1.  
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TABLE 1: MATCHING PARAMETERS FOR PSM
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FIGURE 1: STUDY DESIGN

Data Analysis
The primary end point (risk of exacerbation) was assessed using Cox Proportional Hazards model that considers
both occurrence of and time-to occurrence of the first event. For the secondary outcomes, we calculated the 
proportion of patients with at least one exacerbation within 6 months and 1 year after the index date. For health 
care resource use measures, we calculated the rate (per 100 person years) of all-cause and asthma related
hospitalizations, or ER visits, or outpatient visits after the index date. Since patients had different follow-up 
times in the study, mean cost measures were averaged to a monthly level for all patients and compared
between groups.
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Results

A total of 2,619 patients were included in the Tio group along with 123,359 non-Tio patients available for 
matching.

FIGURE 2: SAMPLE ATTRITION
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PSM resulted in a match of each Tio patient to 2 non-Tio patients. Table 2 compares the groups prior to and
after matching. Except for age distribution, PSM was able to balance out all other covariates as shown by the 
lack of significant differences between the two groups for these parameters in the matched population.
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