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BACKGROUND AND OBJECTIVE: Inhaled beta-agonist, anti-
cholinergic and glucocorticoid medications are used to treat asthma
and chronic obstructive pulmonary disease (COPD). The present
study assessed the patterns of persistence with the above mentioned
inhaled medications.
METHODS: Prescription claims data from the Ontario Drug Benefit
Program were analyzed to assess persistence (time to discontinuation)
and compliance (percentage of days with doses available divided by
days to last refill) of patients prescribed inhaled medications. Patients
were grouped as naive (no inhaled medication in the previous year)
or experienced (previous or current treatment), and by age (18 to 
65 years of age and older than 65 years of age). Medications included
ipratropium, ipratropium plus salbutamol, formoterol, formoterol plus
budesonide, salmeterol, salmeterol plus fluticasone, and tiotropium.
RESULTS: The database included 31,368 patients (4888 naive and
26,480 experienced) who were prescribed at least one of these
medications. Fifteen per cent to 63% of patients continued on the
index drug for more than six months, which decreased to 7% to 53%
at 12 months, and 5% to 47% at 18 months. At 12 months, patients
taking tiotropium had significantly longer persistence compared with
other therapies (53% versus 7% to 30%; all P<0.0001), and fewer
switches to alternative medications. Most naive patients had signifi-
cantly shorter treatment persistence than experienced patients for all
drugs (all P<0.0001), including tiotropium (27% versus 55%,
P<0.0001). Compliance rates were similar for all drugs (ie, 76% to
94%) but were highest for tiotropium.
CONCLUSIONS: These data demonstrated that persistence with
inhaled treatment was low overall, but patients treated with tiotropium
remained on therapy significantly longer than when treated with other
medications, and patients naive to inhaled treatment had shorter
treatment persistence than experienced patients.
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La persistance et l’observance d’un traitement
médicamenteux contre la maladie pulmonaire
obstructive chronique

HISTORIQUE ET OBJECTIF : Les bêta-agonistes, les anticholi-
nergiques et les glucocorticoïdes en aérosol sont utilisés pour traiter
l’asthme et la maladie pulmonaire obstructive chronique (MPOC). La
présente étude visait à évaluer les profils de persistance à ces médicaments
en aérosol.
MÉTHODOLOGIE : Les données relatives aux réclamations d’ordon-
nances tirées du programme d’assurance-médicaments de l’Ontario ont été
analysées pour évaluer la persistance (la période avant l’abandon) et l’ob-
servance (le pourcentage de jours avec des doses disponibles divisé par les
jours depuis le dernier renouvellement) des patients à qui on a prescrit des
médicaments en aérosol. Les patients ont été répartis entre les naïfs (aucun
médicament en aérosol au cours de l’année précédente) et les expérimen-
tés (traitement passé ou courant), selon l’âge (18 à 65 ans et plus de 
65 ans). Les médicaments utilisés étaient l’ipratropium, l’ipra-tropium
associé au salbutamol, le formotérol, le formotérol associé au budésonide,
la salmétérol, le salmétérol associé au fluticasone et le tiotropium.
RÉSULTATS : La base de données contenait 31 368 patients 
(4 888 naïfs et 26 480 expérimentés) à qui on avait prescrit au moins l’un
de ces médicaments. De 15 % à 63 % des patients ont pris le médicament
de référence pendant plus de six mois, mais ce pourcentage ne se situait
plus qu’entre 7 % et 53 % à 12 mois et entre 5 % et 47 % à 18 mois. À 
12 mois, les patients qui prenaient du tiotropium présentaient une persis-
tance considérablement plus longue que ceux qui prenaient d’autres traite-
ments (53 % par rapport à entre 7 % et 30 %; tous P<0,0001) et étaient
moins nombreux à opter pour les médicaments parallèles. La plupart des
patients naïfs étaient considérablement moins persistants au traitement
que les patients expérimentés à l’égard de tous les médicaments (tous
P<0,0001), y compris le tiotropium (27 % par rapport à 55 %, P<0,0001).
Les taux de compliance étaient similaires pour tous les médicaments (c’est-
à-dire de 76 % à 96 %), mais étaient les plus élevés avec le tiotropium.
CONCLUSIONS : Ces données démontrent que la persistance au traite-
ment en aérosol est faible dans l’ensemble, mais que les patients traités au
tiotropium maintiennent leur traitement considérablement plus
longtemps que ceux qui sont traités par d’autres médicaments et que les
patients naïfs au traitement en aérosol ont une persistance au traitement
moins longue que les parents expérimentés.
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ORIGINAL ARTICLE

Chronic obstructive pulmonary disease (COPD) encom-
passes a progressive group of disorders (ie, emphysema and

chronic bronchitis) that cause airflow obstruction and breath-
ing problems, as described by the World Health Organization
and Canadian Thoracic Society (1). Guidelines set by the
Global Initiative for Chronic Obstructive Lung Disease have
defined COPD as a disease state characterized by airflow limi-
tation that is not fully reversible (2,3). In contrast, airway

limitations in asthma are usually more fully reversible (4,5).
The classification of COPD severity is based on pulmonary
function, which is calculated as forced expiratory volume in 1 s.
In 2001, Health Canada reported that over three million
Canadians cope with serious respiratory diseases such as
asthma, COPD, lung cancer, influenza and pneumonia,
bronchiolitis, tuberculosis, cystic fibrosis and respiratory
distress syndrome (6). Approximately 3% of adults in Canada
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and 6% of adults in the United States have COPD (7,8), but
the prevalence is higher because the disease is under-
diagnosed.

Although COPD symptoms vary over time, inadequate
treatment may be an important factor in the frequency and
severity of exacerbations. Bronchodilators are the cornerstone
of COPD treatment (3). Short-acting medications, such as
beta-agonists (eg, salbutamol) and anticholinergics (eg, iprat-
ropium), ameliorate acute dyspnea when used alone or in com-
binations. Long-acting bronchodilators, used for chronic
treatment, include beta-agonists (formoterol and salmeterol)
and tiotropium, an anticholinergic. Evidence to demonstrate
that combining long-acting bronchodilators also confers bene-
fits in lung function is emerging (9). Inhaled corticosteroids
are the cornerstone of asthma treatment and their use in
COPD is increasing alone as well as in combination with a
bronchodilator (10). Taking less than the prescribed amount of
medication, missing doses or stopping treatment for brief or
extended periods will predispose the individual to increased
symptoms.

Disease management necessitates treatment compliance
and persistence. Based on definitions adopted by the
International Society for Pharmacoeconomics and Outcomes
Research (11), ‘treatment persistence’ is the duration of time
from the initial prescription to the last refill, and ‘medication
compliance’ is the proportion of doses taken as prescribed. Use
of both terms provides a perspective on whether patients take
medications daily or irregularly, and when they discontinue
treatment altogether.

Various factors have been shown to influence compliance
and persistence with oral medications, including patient age,
the cost of the drug (copayment), the type of prescriber (spe-
cialist or primary care doctor), comorbidities, concomitant
medications and dosing frequency (12,13). However, most
studies (14-16) assessing the use of asthma and COPD treat-
ments were performed in small populations as part of clinical
trials. Blais et al (17) demonstrated that only 54% of COPD
patients in Quebec continued using inhaled corticosteroids for
one year, which decreased to 25% of patients over four years.
With the increasing number of treatment options available, it
is necessary to determine how consistently they are used by
patients in community settings. Measures of medication per-
sistence and compliance may help to explain why some
patients do not respond to seemingly appropriate treatment or
have exacerbations for no apparent reason.

The present study was designed as a retrospective, observa-
tional assessment of persistence and compliance among seven
commonly used bronchodilators. The objective was to ascer-
tain whether persistence differed among the bronchodilators,
depending on whether patients were naive or had had previous
experience with any of the medications.

METHODS
Data source
The present study was designed as a retrospective assessment of
prescription claims data in Ontario. All patients were beneficiar-
ies of the Ontario Drug Benefits Program, funded by the Ontario
Ministry of Health and Long-Term Care. The plan offers coverage
to Ontario residents 65 years of age and older, as well as to social
assistance recipients of all ages. Patients are responsible for a 
copayment of $3 to $7 per prescription depending on their income
level. Prescription claims included the drug name and the number

of days that the medication was supplied (based on the prescribed
dose and dose frequency [eg, one to four times daily]). To protect
patient privacy, a unique patient identification number was exter-
nally generated to allow for longitudinal and multiproduct analy-
sis at the individual patient level.

Study population
Patients 18 years of age or older who had new prescriptions 
for any of the study medications (index drug) between September
2003 and November 2003 were selected from the database.
Patients were classified as ‘naive’ if they had no claims for any of
the study medications in the previous year, ‘experienced’ if they
had been taking one of the study medications in the previous year,
‘switchers’ if the index drug was discontinued and replaced by one
of the other study medications, and ‘added’ if one of the other
study medications were to be taken in addition to the index drug.
Discontinuation was defined as no prescription refill for the index
drug for more than 60 days. Only patients who were in the data-
base for the entire period (2003 to 2005) were included in these
analyses. Using data from 2000/2001, a parallel analysis of treat-
ment persistence was performed with ipratropium and ipratropium
plus salbutamol. These results were compared with data from
2004/2005.

Demographic data were available only for age and sex. Because
medical claims data were not available, the diagnosis of pulmonary
disease was based on a bronchodilator prescription. However, it
was not possible to differentiate between asthma and COPD.
Although these medications could be prescribed for both types of
bronchial disease, tiotropium, ipratropium and ipratropium plus
salbutamol are indicated only for COPD.

Definitions
Treatment persistence was defined as the proportion of patients
refilling prescriptions within 60 days from the end of the previous
prescription. A sensitivity analysis was performed using 30-day
and 60-day gap periods. Medication compliance was defined as the
proportion of days with doses taken as prescribed, or the percent-
age of days covered using a standard method (18). Compliance
rates were calculated as the number of days of medication dis-
pensed (excluding the final refill) divided by the number of days
between the first and last dispensing. Patients who refilled a pre-
scription early were considered to have leftover doses that were
added to the amount received in the early refill.

Analyses
Descriptive statistics were used to characterize the sample. All
analyses were based on a 12-month follow-up period after the
index prescription except for treatment persistence analyses,
which were based on an 18-month follow-up period. Treatment
persistence, based on days to discontinuation, was analyzed using
Kaplan-Meier survival analyses. Log-rank χ2 test was used to com-
pare survival curves. Medication compliance rates were compared
by paired comparisons between tiotropium (the only medication
prescribed once daily) and the other drugs.

RESULTS
Patients
The database included 31,368 patients who were prescribed an
inhaled bronchodilator or bronchodilator-corticosteroid fixed-
dose combination. Within this population, 4888 (16%)
patients were treatment-naive and 26,480 (84%) were experi-
enced. The mean age for the naive and experienced patients
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was similar (69.9±13.7 and 70.1±13.2 years, respectively).
When the cohort was divided by age, the mean age of the
younger cohort (18 to 65 years) was 50.39±11.09 years,
whereas the mean age of the older cohort (older than 65 years)
was 75.90±6.58 years. Tables 1 and 2 describe the demographic
data by drug.

Treatment persistence
Only 15% to 63% of patients continued on the index drug for
more than six months, which decreased to 7% to 53% at 
12 months, and 5% to 47% at 18 months. Patients taking
tiotropium had significantly longer persistence than patients
taking all other drugs, with 63%, 53% and 47% of patients
continuing for six, 12 and 18 months, respectively (Figure 1).
Other than tiotropium, the combination of salmeterol plus
fluticasone showed the highest persistence among the other
drugs. Comparing the data from 2004/2005 with the data from
2000/2001 (ie, the period before tiotropium was available),
there was little change in the treatment persistence rates for
ipratropium and ipratropium plus salbutamol in both the expe-
rienced and naive patient groups.

The most notable finding was that most naive patients had
significantly shorter treatment persistence than experienced
patients for all drugs (tiotropium: 27% versus 55% at 12 months,
P<0.0001). Only 12% to 27% of naive patients taking drugs
other than tiotropium persisted on treatment after six months,
and 5% to 20% for more than 12 months (Figure 2). Although
patients taking tiotropium had longer persistence than all other
drugs (37% at six months, 27% at 12 months, and 24% at 
18 months), this was significantly shorter than for experienced
patients.

Days to discontinuation and refills
Mean days to discontinuation by 12 months ranged from 57 to
96 days overall, with significantly more days to discontinua-
tion for the experienced group than the naive group (mean
97±79 versus 79±71, respectively, all P<0.001) (Table 3).

Treatment changes
The number of patients who switched to, or added, another
study medication reflected a global dissatisfaction with the
efficacy of the index drug. Most patients switched or added
another drug during the first six months, with small additions
thereafter. Comparison of the current data with that from the
year 2000 (before tiotropium was available) revealed little
differences in the proportion of naive patients persisting 
for 12 months. Switching from ipratropium plus salbutamol
was lower in 2000 (54%) than the current year (62%), but not
for salmeterol plus fluticasone (59% versus 58%, respectively).
Days to discontinuation did not differ between 2000 (52 to 
57 days, respectively) and the current year (51 to 55 days,
respectively).
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TABLE 1
Patient cohorts by drug

Total Exp Naive ≤65 yrs >65 yrs Women Men
Drug n n n n n n n

Formoterol 413 367 46 99 314 246 167

Form-Budes 3121 2668 453 735 2386 1860 1251

Ipratropium 2908 2052 856 654 2254 1561 1344

Iprat-Salbut 4333 2585 1748 923 3410 2389 1931

Salmeterol 1184 1099 85 308 876 688 495

Salmet-Flut 5155 4491 664 1274 3881 3021 2123

Tiotropium 14,254 13,218 1036 1650 12,604 6836 7406

All 31,368 26,480 4888 5643 25,725 16,601 14,717

Exp Experienced; Form-Budes Formoterol and budesonide; Iprat-Salbut
Ipratropium and salbutamol; Salmet-Flut Salmeterol and fluticasone; yrs Years
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Figure 1) Treatment persistence. Differences between all drugs and
tiotropium; P<0.0001. Form-Budes Formoterol and budesonide; Iprat-
Salbut Ipratropium and salbutamol; Salmet-Flut Salmeterol and fluticasone

TABLE 2
Patient ages (years) by drug 

Mean ± SD Mean ± SD Mean ± SD
Drug All age groups ≤65 >65

Formoterol 68.60±14.00 48.19±12.17 75.04±6.18

Form-Budes 68.83±13.97 48.25±11.80 75.17±6.45

Ipratropium 70.91±13.31 51.09±10.87 76.66±6.87

Iprat-Salbut 71.23±13.42 50.57±10.76 76.82±7.12

Salmeterol 69.67±13.56 51.48±11.57 76.07±6.65

Salmet-Flut 68.66±14.69 47.48±12.25 75.62±6.48

Tiotropium 73.59±9.23 55.68±8.20 75.94±6.33

All 70.21±13.17 50.39±11.09 75.90±6.58

Formot-Budes Formoterol and budesonide; Iprat-Salbut Ipratropium and
salbutamol; Salmet-Flut Salmeterol and fluticasone
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Figure 2) Treatment persistence for experienced (Exp) and naive patients 
(12 months). Differences between all drugs and tiotropium for all patients
as well as Exp and naive groups; P<0.0001. Form-Budes Formoterol and
budesonide; Iprat-Salbut Ipratropium and salbutamol; Salmet-Flut
Salmeterol and fluticasone
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Compliance
Drug compliance rates ranged from 71% to 93%, with naive
and experienced patients having similar rates. Tiotropium
patients had the highest compliance rates (93% experienced,
88% naive), approximately 10% higher than any other drug.

DISCUSSION
The present study revealed two major concerns about the use
of these medications. First, overall persistence with treatment
was low across all medications, although differences were seen
among different medications. However, patients stayed on the
tiotropium treatment significantly longer than other daily
medications. Second, among all medications, most naive
patients  had shorter treatment persistence than experienced
patients. These findings were consistent for comparisons
among all medications including those often used ‘as needed’.

Overall treatment persistence
The main finding was that patients did not persist long-term
with treatment. Treatment persistence has been considered a
global outcome encompassing efficacy, adverse effects, conven-
ience and other attributes valued by patients (19-21). The pat-
tern of early discontinuation has been demonstrated for other
medication classes, but oral medications usually have a larger
proportion of patients persisting for a year (21,22). The pattern
of large numbers of patients discontinuing treatment during
the first few months, with continually declining persistence as
shown in the present study, indicates a lack of willingness to
take the medication for more than a few months. Similar
results were found in a study (20) of inhaled corticosteroid
treatment persistence in the Netherlands where only 18% of
all patients continued on the treatment for one year. In con-
trast, approximately one-half of Quebec patients in another
study (17) persisted with inhaled corticosteroid for one year.
Persistence with ipratropium formulations was probably
affected by widespread use ‘as needed’ as well as a daily con-
troller medication. These data suggest that there is a need for
more research into how these formulations are being used by
patients attempting self-management.

Although previous reports (17,20) have indicated that per-
sistence with inhaled corticosteroid medications as a class was
poor, the present analysis identified differences among individ-
ual medications. Significantly more patients persisted with
tiotropium whether they were younger (65 years and younger),
older (older than 65 years), newly treated (naive group) or had

previously used bronchodilator medication (experienced
group).

Differences between experienced and naive patients
Treatment-naive patients showed a different pattern of persist-
ence compared with experienced patients, with significantly
shorter treatment time (51 to 60 days) for all drugs except  for
tiotropium which was 79 days. These differences are reason-
able, based on the assumption that previous use of these med-
ications is a marker for severity. Data from the treatment-naive
group also showed that the number of days to discontinuation
was unchanged for the major medications between 2000/2001
and 2004/2005. Switching from ipratropium plus salbutamol
was 8% lower in 2000 (before tiotropium was available). It is
likely that the initial selection of the drug influenced
treatment patterns, more than switching, when the drug had
been available sometime in the year reviewed in the present
analysis.

Experienced patients, by definition, have a longer duration
of medication use and had been taking medications before the
start of the analysis period. This eligibility criterion indicates a
more severe disease status than naive patients. In contrast,
naive patients may have initiated a bronchodilator as the first
step in treatment, later advancing to other medications when
their disease was considered severe or they had advanced prob-
lems. In parallel with our findings, the analysis of only experi-
enced patients taking an inhaled corticosteroid medication in
the Netherlands study (20) showed persistence rates twice as
high as in the overall population. They described an associa-
tion to disease severity, with higher persistence among patients
who had been hospitalized the year before the study. Blais et al
(17) found that after hospitalization, only one-half of newly
treated COPD patients persisted with inhaled corticosteroid
treatment started for one year.

Compliance
An important characteristic that differentiates medications in
terms of convenience is the daily dosing regimen (as defined in
the prescription database). Compliance rates have shown to
decrease with larger numbers of daily doses (23). Most of the
medications were prescribed for two or more doses daily,
whereas tiotropium was prescribed for once-daily dosing.
Patients in the present study used approximately 74% to 99%
of bronchodilator doses, indicating a very high rate of
bronchodilator use as prescribed, until discontinuation. In
comparison to the present study, Stoloff et al (24) showed that
adult asthma patients had compliance rates of 68% for the
salmeterol-fluticasone combination treatment. A population
of older men who were followed in veterans’ hospitals reported
small differences in compliance among COPD, asthma and
mixed diagnostic groups (66%, 56% and 61% compliance,
respectively) (25). Compliance rates may have been higher in
the present study in comparison with others because a large
proportion of patients were taking once-daily tiotropium.

Limitations
An important limitation of these analyses was the lack of an
accurate diagnosis of COPD versus asthma. However, tiotropium
and ipratropium (ipratropium plus salbutamol) are only indi-
cated for use in COPD patients whereas all other investigated
medications are indicated for both asthma and COPD. This
may have introduced a bias because asthma patients may have

TABLE 3
Days to discontinuation for all, experienced (Exp) and
naive patients

12 months 18 months

Drug All Exp Naive All Exp Naive

Formoterol 68±70 71±72 51±51 96±112 102±114 61±82

Form-Budes 74±70 78±72 54±54 96±105 102±108 64±81

Ipratropium 58±59 60±59 54±58 70±85 73±87 64±80

Iprat-Salbut 57±59 61±63 51±54 71±89 78±95 62±80

Salmeterol 76±70 76±71 66±66 103±112 104±111 97±122

Salmet-Flut 82±75 88±77 55±56 114±119 122±123 69±87

Tiotropium 96±78 97±79 79±71 145±133 150±135 103±108

Data presented as mean ± SD days. All Exp versus naive groups, P<0.00001.
Form-Budes Formoterol and budesonide; Iprat-Salbut Ipratropium and salbu-
tamol; Salmet-Flut Salmeterol and fluticasone
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not needed to continue on the prescribed medication once
symptoms improved. COPD patients with regular symptoms
are assumed to use medications more regularly than asthma
patients.

As an observational study, there were no data on efficacy
parameters, such as the number or severity of episodes. Thus,
this type of database analysis cannot suggest that better effec-
tiveness or fewer adverse events with tiotropium can lead to
significantly higher usage rates compared with other medica-
tions. The focus of the study was to observe differences in med-
ication use across a variety of bronchodilators between naive
and experienced patients. The most conservative interpreta-
tion is to attribute the significantly better compliance and
persistence with once-daily dosing regimen. A broader interpre-
tation may be that patients continue to take tiotropium because
it improves their symptoms with fewer adverse effects than some
other medications (26,27). Further research is needed to
explore this hypothesis. Additional analyses are also needed to
determine what drugs are added or substituted when the first
medication is not effective.

SUMMARY
Airway disorders may vary in severity. However, patients
appeared to have had similar behaviour in continuing treat-
ment after initiation among all drugs in the class except
tiotropium. Tiotropium was significantly better accepted by
patients in terms of their willingness to continue on treatment,
lesser need to switch or add other medications, and better com-
pliance with the once-daily dose regimen. Based on signifi-
cantly lower persistence rates for naive patients, clinicians
should address the importance of long-term treatment more
carefully and consistently with their patients when initiating
treatment with a bronchodilator. Future research should pur-
sue reasons why treatment-naive patients do not continue on
treatment, as well as why tiotropium was more favourably
accepted by patients.
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