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ABSTRACT

Asthma control requires adherence with pharmacologic therapy. A medication’s mode of delivery may affect adherence. The
purpose of this study was to compare medication persistence and adherence between patients newly treated with either an
inhaled or injected asthma medication. Using a propensity-score–matched retrospective cohort study, we evaluated medication
persistence and adherence over 1 year in adult asthma patients newly treated with omalizumab or fluticasone (500 �g)/
salmeterol (50 �g) (FSC 500/50). Kaplan-Meier analysis was conducted to compare persistence between users of FSC 500/50
and omalizumab using the log-rank test. We conducted four sensitivity analyses. After propensity matching, the study sample
included 213 omalizumab patients and 426 FSC 500/50 patients, with no statistically significant differences between groups
on baseline measures. Mean adherence rates were 64.6% for omalizumab and 29.5% for FSC 500/50 (p � 0.0001). Fifty-four
percent of omalizumab users were persistent at 1 year compared with 18.5% of FSC 500/50 users (p � 0.0001). In sensitivity
analyses, we stratified patients by evidence of allergy and the results did not change. Adherence was more than twice as high
and persistence was almost twice as high among omalizumab compared with FSC 500/50 users. The direction of our findings
was consistent across all sensitivity analyses. In both omalizumab and FSC 500/50 cohorts, persistence decreased substantially
over 1 year. Our study suggests that injected medications may have advantages in asthma treatment. A comprehensive program
to improve adherence should address not just administration route but also patient factors that prevent proper medication use.

(Allergy Asthma Proc 30:148–157, 2009; doi: 10.2500/aap.2009.30.3190)
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Asthma affects 15–20 million individuals in the
United States. More than 5000 deaths are attrib-

uted to it each year.1,2 Asthma can only be controlled if
patients adhere to an appropriate medication regimen.
Nonadherence results in significant morbidity and
mortality and generates higher direct costs, such as
hospitalizations and emergency department visits, and
higher indirect costs, such as productivity loss.3,4

Many things affect adherence, including patient psy-
chological problems, cognitive impairment, inadequate
follow-up, medication side effects, lack of patient belief
in treatment, lack of patient insight into illness, poor
doctor–patient relationship, treatment complexity, and
cost.5–7 A medication’s delivery mode also may affect
adherence. Patients given oral monotherapy with leu-
kotriene receptor antagonists (LTRAs) are twice as ad-
herent to therapy as those given inhaled corticosteroids

or inhaled long-acting �-agonists.8 Two other studies
showed that adherence to an oral LTRA was greater
than adherence to inhaled fluticasone (500 �g)/salme-
terol (50 �g) (FSC 500/50).9,10 Adherence among
treated patients who had rheumatoid arthritis was
higher among those who received medication i.v. than
among those treated subcutaneously or orally.11 It is
unknown whether adherence improves in asthma pa-
tients who receive injected medications. We evaluated
differences in adherence and persistence between in-
jected and inhaled asthma medications, omalizumab
and FSC 500/50, respectively, both of which are indi-
cated for persistent moderate-to-severe asthma.

METHODS
Design

We conducted a propensity-score–matched retro-
spective cohort study to evaluate medication persis-
tence and adherence over 1 year in asthma patients
who were newly treated with omalizumab or FSC 500/
50. Our study data was from a Health Insurance Port-
ability and Accountability Act–compliant administra-
tive claims database of 8–10 million covered lives and
was exempt from human subjects review. This data-
base contained adjudicated pharmacy and medical
claims submitted by providers, health care facilities,
and pharmacies, and it included information on each
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physician visit, medical procedure, hospitalization,
drug dispensed, and test performed. Member enroll-
ment and benefit information were available, as were
limited patient, provider, and hospital demographic
information. All major regions of the United States
were represented.

Patient Selection
We identified patients between 18 and 64 years old

who were newly treated with omalizumab or FSC
500/50 during the identification period, May 1, 2004,
through April 30, 2005. We excluded patients whose
claims had International Classification of Diseases,
Clinical Modification (ICD-9-CM) codes for pregnancy
or chronic obstructive pulmonary disease or who had
no asthma claims during the study period.

The newly prescribed medication was termed the
index medication. The index date was defined as the
date of the first claim for omalizumab or FSC 500/50
after a no less than 12-month period without index
medication use (clean period). New FSC 500/50 users
were allowed to have used omalizumab before and vice
versa. We used a 12-month clean period because some
studies have shown that using a 6-month period incor-
rectly identifies a substantial number of continuing
users as new users.12,13 We examined medication use
during two 12-month periods: 12 months before the
index date (preindex period) and 12 months after the
index date (postindex period). Patients were excluded
if they were not continuously enrolled for the entire
24-month observation period.

Baseline Variables
To match new FSC 500/50 users with new omali-

zumab users, we used baseline characteristics includ-
ing age, gender, state of residence, specialty of usual-
care physician, allergies, select comorbidities, chronic
conditions, evidence of poor asthma control, and ad-
herence to controller medications. The data set had no
information about socioeconomic status, race, ethnic-
ity, lung function, or symptoms.

Usual-care physician specialty affects treatment pat-
terns,14,15 so to determine the specialties of the patients’
usual physicians, we reviewed office visit claims for
evidence of evaluation and management services (de-
fined as those with current procedural terminology
codes for office or other outpatient services, office con-
sultations, and preventive medicine services). We iden-
tified the specialty of the physician with whom each
patient had the most evaluation and management ser-
vices visits and considered that the patient’s usual-care
physician.16

Because omalizumab is indicated for patients with
moderate-to-severe persistent allergic asthma, we
looked for evidence of allergy in the database. Such

evidence included pharmacy claims with National
Drug Code numbers for allergy medications, medical
claims with ICD-9-CM codes (in any diagnosis field)
for allergic rhinitis or atopic dermatitis, and current
procedural terminology codes for allergen immuno-
therapy.

Because comorbid illness also may affect compliance,
we used several categories from the Clinical Classifi-
cations Software (CCS) multiple-level disease catego-
ries to assess comorbidities. The software was devel-
oped by the Agency for Health Care Research and
Quality and is a tool for clustering patient diagnoses
into 18 main disease categories. We used 12 of 18
categories in the matching process, excluding respira-
tory system diseases (our disease of interest), compli-
cations of pregnancy and childbirth, perinatal condi-
tions, injury and poisoning, symptoms and signs, and
residual codes. Because acute and chronic conditions
affect patients differently and CCS does not distinguish
between them, we used a published methodology
based on the CCS to identify each patient’s chronic
conditions.17 If a patient had two chronic diagnoses in
the same single-level CCS category, they counted as
one chronic condition (e.g., hypertension and heart fail-
ure counted as one chronic cardiovascular condition).

Patients were classified as having had evidence of
poor asthma control if they met any of four conditions
during the preindex period: any asthma-related inpa-
tient hospitalization, any asthma-related emergency
department visit, two or more oral corticosteroid pre-
scriptions filled, or six or more short-acting �-agonist
prescriptions filled. Adherence with one medication
might affect adherence with another, so to determine
preindex adherence, we calculated the days of supply
of all controller medications (inhaled corticosteroids,
long-acting �-agonists, and LTRAs) used during the
preindex period and divided by 365. With multiple
overlapping prescriptions for different controllers, ad-
herence might be �100%, which we prevented by
counting a “day of adherence” as one when one or
more controllers were in the patient’s possession.

Outcome Variables
The outcomes of interest were omalizumab and FSC

500/50 persistence and adherence during the post-
index period. We defined persistence as no more than
45 days between the date the study medication was no
longer available and the date of the next claim for the
same drug. For FSC 500/50, the “days of supply” field
from the claims database was used to determine the
end of each prescription fill. For omalizumab, each
injection was considered a 28-day supply. We also
reported the percentage of patients who were persis-
tent by the end of each month of the follow-up period.
To determine adherence, we calculated the total days
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of supply of the index medication and divided by 365.
No adjustment was needed to prevent adherence of
�100%, because each patient had only one index med-
ication.

Matching Process
Propensity score analysis is a statistical technique

that can be applied to observational data for balancing
covariates between two groups.18,19 We used a logistic
regression model to estimate propensity scores. Oma-
lizumab use was the dependent variable, and several
baseline measurements were the independent vari-
ables. Two-way interactions were considered and in-
cluded in the final model if significant. The final pro-
pensity model included all baseline variables and six
interaction terms. In the final cohort, each omalizumab
new user was matched with two FSC 500/50 new
users.

Statistical Analysis
Baseline measures between the cohorts were com-

pared using chi-square or t-tests. The means of post-
index adherence rates were compared between
matched cohorts using t-tests. Kaplan-Meier analysis
was conducted to compare persistence between users
of FSC 500/50 and omalizumab using the log-rank test.
For the survival analysis, patients were censored at the
end of last prescription fill, last injection, or study end.
We also presented survival plots and the persistence
rates for each month.

We conducted four sensitivity analyses. Omali-
zumab is indicated for patients with moderate-to-se-
vere persistent allergic asthma20; therefore, we strati-
fied patients according to evidence of allergy and
repeated the main analysis. Omalizumab may be ad-
ministered every 2 or 4 weeks, depending on patients’
immunoglobulin E (IgE) levels.20 In the second sensi-
tivity analysis, we considered each omalizumab injec-
tion a 14-day supply instead of a 28-day supply, bias-
ing the results toward lower omalizumab adherence.

Fluticasone/salmeterol should be titrated to the low-
est effective dose,21 so patients may have switched to a
lower strength during the postindex period. In the
main analysis, changes to a lower dose were consid-
ered cessation of therapy. In the third sensitivity anal-
ysis, new FSC 500/50 users who changed to a lower
dose were considered still adherent, biasing the results
toward greater FSC 500/50 adherence. It is not uncom-
mon for patients to discontinue a medication after the
first fill.12,22 For the fourth sensitivity analysis, we re-
quired all new users to have at least two index pre-
scription fills or injections no more than 45 days apart
instead of one fill. We repeated the main analysis for
each scenario in each case, stratifying the results by
evidence of allergy. All tests were two-sided with a

0.05 significance level. All data transformations and
statistical analyses were performed using SAS version
9.1 (SAS Institute, Cary, NC).

RESULTS
We identified 15,220 new users during the identifi-

cation period, 970 omalizumab and 14,250 FSC 500/50.
After exclusions, 3393 new users remained, 318 omali-
zumab and 3075 FSC 500/50.

The mean age and proportion of female patients
were similar (44 � 10.4 versus 45 � 11.3; p � 0.8868,
and 62.9% versus 64.6%, p � 0.5484 for omalizumab
and FSC 500/50, respectively). There were statistically
significant differences in the proportion of omali-
zumab and FSC 500/50 patients from the various geo-
graphic regions. More omalizumab users had allergists
(41.2% versus 10.2%) or pulmonologists (16.0% versus
6.0%) as their usual-care physicians than FSC 500/50
users (p � 0.0001; Table 1). More omalizumab users
had evidence of allergies than FSC 500/50 users (89.0%
versus 65.3%; p � 0.0001); the average number of
chronic diseases was higher among omalizumab than
among FSC 500/50 users (4.4 � 2.5 versus 3.7 � 2.6,
p � 0.0001; Table 2); and more omalizumab users had
poorer asthma control than FSC 500/50 users (62.3%
versus 37.5%; p � 0.0001; Table 2). When adherence to
baseline controller medications (not the index medica-
tion) was compared, omalizumab users had higher
baseline adherence than FSC 500/50 users (52.4% ver-
sus 33.0%; p � 0.0001).

After propensity matching, the final study sample
was 639 patients (213 omalizumab and 426 FSC 500/
50), and there were no statistically significant differ-
ences in preindex demographic, clinical, and utiliza-
tion parameters (Tables 1 and 2). During the postindex
period, mean adherence rates were 64.6% for omali-
zumab and 29.5% for FSC 500/50 users (p � 0.0001).
Fifty-four percent of omalizumab users were persistent
1 year after starting therapy compared with 18.5% of
FSC 500/50 users (p � 0.0001; Table 3; Fig. 1).

In sensitivity analyses, we stratified patients by evi-
dence of allergy and the results did not change (Table
3). When we considered each omalizumab injection as
a 14-day instead of a 28-day supply, omalizumab ad-
herence decreased from 64.6 to 32.7% and persistence
decreased from 54 to 46.9%. However, omalizumab
users still had higher adherence and longer persistence
than FSC 500/50 users. When we calculated FSC
500/50 adherence using fills for any of its available
strengths, adherence increased to 36.2% from 29.5%
and persistence increased to 27% from 18.5%. Omali-
zumab users remained more adherent (64.6% versus
36.2%, p � 0.0001) and more were persistent at study
end (54% versus 27%, p � 0.0001) than FSC 500/50
users. In our final sensitivity analysis, we required two
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or more fills of index medications. Mean adherence
rates were 73.8% for omalizumab and 48.5% for FSC
500/50 users (p � 0.0001). By study end, 61.5% of
omalizumab users were persistent compared with
33.8% of FSC 500/50 users (p � 0.0001; Table 4; Fig. 2).
Stratifying patients by evidence of allergy resulted in
smaller numbers in each group but no change in the
direction of the results (Table 4).

DISCUSSION/CONCLUSIONS
In patients with persistent moderate-to-severe

asthma, pharmacologic treatment is critical to symp-
tom control.23 Poor adherence to controller medication
may result in more hospitalizations and greater mor-
tality.24–26 We studied two measures of medication use
and found that adherence was more than twice as high
and that persistence was almost twice as high among

omalizumab than among FSC 500/50 users. Twelve
months after initiation of therapy, more than one-half
of omalizumab users persisted compared with less
than one-quarter of FSC 500/50 users. In both cohorts,
persistence decreased substantially over a year, and the
direction of our findings was consistent across all sen-
sitivity analyses.

Findings of low adherence with inhaled therapy are
consistent with prior research,3,24,27 although differ-
ences in technique make exact comparisons difficult.
Our dramatically higher rates of adherence and persis-
tence among omalizumab users have several possible
explanations. As other investigators have proposed, it
may be that administration route has a significant im-
pact on adherence.9–11,28 Injected medications require
office visits, and patients may be less inclined to skip
visits than they are to skip prescription refills. In the

Month of Follow-up 

1 3 4 5 6 7 8 9 10 11 12

Persistence rate (%) 86.4 82.6 79.3 77.0 72.3 68.5 63.4 59.6 58.2 55.4 54.0 54.0Omalizumab

(n = 213)
No. of patients 
continuing therapy 184 176 169 164 154 146 135 127 124 118 115 115

Persistence rate (%) 52.6 50.2 39.9 33.6 30.3 26.5 23.7 21.6 20.9 19.7 18.5 18.5Fluticasone 500 µg/ 
salmeterol 50 µg

(n = 426) No. of patients 
continuing therapy 224 214 170 143 129 113 101 92 89 84 79 79

Fluticasone 500 µg 
/salmeterol 50 µg

Omalizumab 

P Value of Log-Rank Test <0.0001

2

Figure 1. Persistence rate and 95% confidence intervals of index medications by end of each follow-up month among matched patients.
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care of patients with tuberculosis and human immu-
nodeficiency virus, directly observed therapy increases
adherence.29,30 Omalizumab is given every 2–4 weeks,
and fluticasone/salmeterol is given daily; greater fre-
quency has been associated with lower adherence in
other studies.3 We had no clinical or satisfaction infor-
mation that could enable us to distinguish among these
explanations.

The differences in adherence between cohorts also
may reflect unmeasured differences between groups
(e.g., patients receiving omalizumab may have had
more severe disease). We tried to make the groups
similar at the outset by studying new users of medica-
tions indicated for persistent moderate-to-severe
asthma. We also used propensity score matching to
control for differences, but we could only match on
characteristics that were captured in the claims data.
Omalizumab is only indicated in patients with evi-
dence of allergy, a subset of all asthma patients. Focus-
ing only on those patients did not change the results.
Differences in clinical presentation, physiological mea-
sures (e.g., pulmonary function test results), or other
characteristics were not part of the data set, and most
severity measures require such data. If one cohort was
more severe than the other, it is not clear what bias
would result. The evidence that severity of illness im-

pacts adherence is limited; most studies suggest it does
not.3,31

Measurement error also could explain some of our
findings. Medication samples are not recorded in
claims data, and prescriptions are not filled outside the
plan. Because of cost and the need to administer oma-
lizumab in the physician’s office, its use may be more
completely captured than fluticasone/salmeterol fills,
increasing apparent persistence and adherence. On the
other hand, fluticasone/salmeterol may be filled more
frequently than needed so that devices can be left in
several convenient locations. We did not have the re-
sources to confirm these behaviors through chart re-
view or interviews. As in any claims-based study, cod-
ing errors could have affected data integrity.

Despite these limitations, we found evidence that
adherence and persistence with an injected asthma
controller medication are greater than with an inhaled
one. Medication adherence is crucial to successful
asthma management, and many interventions have
been tested to see if they improve adherence and clin-
ical outcomes in patients with asthma. Doubling med-
ication adherence would have ranked as one of the
largest effects in a recent review.32 This should not
imply that changing patients’ medication from flutica-
sone/salmeterol to omalizumab would improve out-

Mean Adherence Rate (Range 0-100%)

Percentage of Patients Who Were Persistent by End of Study

Omalizumab Fluticasone 500 µg/salmeterol 50 µg

Figure 2. Sensitivity analyses: adherence and persistence of asthma patients who received omalizumab and fluticasone (500 �g)/salmeterol
(50 �g).
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comes. Our study was not designed to compare these
agents but rather to investigate whether administration
route might impact adherence. Our study does suggest
that injected medications may have advantages in
asthma treatment, but as other investigators have
pointed out, effectively improving asthma treatment
requires a combination of “pharmacology and psychol-
ogy.”33 A comprehensive program to improve adher-
ence would have to address not just administration
route but patient beliefs and concerns that may prevent
them from taking their medications as prescribed.
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