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Abstract
Background—Inhaled corticosteroid (ICS) non-adherence is common among patients with
asthma; however, interventions to improve adherence have often been complex and not easily
applied to large patient populations.

Objective—To assess the effect of supplying patient adherence information to primary care
providers.

Methods—Patients and providers were members of a health system serving southeast Michigan.
Providers (88 intervention; 105 control) and patients (1,335 intervention; 1,363 control) were
randomized together by practice. Patients were age 5–56 years; had a diagnosis of asthma; and had
existing prescriptions for ICS medication. Adherence was estimated using prescription and fill
data. Unlike clinicians in the control arm, intervention arm providers could view updated ICS
adherence information on their patients via electronic prescription software, and further details on
patient ICS use could be viewed by selecting that option. The primary outcome was ICS adherence
in last 3-months of the study period.

Results—At study end for the intention-to-treat analysis, ICS adherence was not different among
patients in the intervention arm when compared with those in the control arm (21.3% vs. 23.3%,
respectively; P=0.553). However, adherence was significantly higher among patients whose
clinician elected to view their detailed adherence information (35.7%) when compared with both
control arm patients (P=0.026) and intervention arm patients whose provider did not view
adherence data (P=0.002).
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Conclusions—Overall, providing adherence information to clinicians did not improve ICS use
among patients with asthma. However, patient use may improve when clinicians are sufficiently
interested in adherence to view the details of this medication use.
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INTRODUCTION
Patient non-adherence to medications is common, especially in the treatment of chronic
conditions where the tangible benefit or necessity of therapy may not be immediately
evident.(1;2) A good example is the use of inhaled corticosteroid (ICS) medication, which is
considered the cornerstone therapy for controlling persistent asthma.(3) Despite their
described benefit, overall adherence to ICS medication is poor and non-adherence has been
estimated to account for up to 60% of asthma hospitalizations.(4–6)

Equally discouraging has been the lack of efficacy of many interventions to improve
adherence, despite often complex and labor-intensive designs.(7–9) However, data from a
few small studies has suggested that routine monitoring of adherence with feedback of this
information to patients may result in sustained high levels of adherence.(10;11)
Implementing this on the scale of a health system, however, presents certain challenges.
These include indentifying an inexpensive and reliable method of monitoring adherence on a
large number of patients and providing these data to health care providers in a manner that is
timely, feasible, and sustainable in clinical practice.

Here we describe a cluster-randomized trial (i.e., randomized by practice group) of
providing ICS medication adherence information on patients with asthma to primary care
providers within a large health system.

METHODS
Study participants

The primary purpose of this trial was to determine whether providing individual patient
medication adherence information to physicians electronically for discussion with their
patients with asthma could result in improved inhaled corticosteroid use. This study was
approved by the Henry Ford Health System institutional review board and was in
compliance with its Health Insurance Portability and Accountability Act policy. The study
was implemented in a single, large integrated health system serving southeast Michigan and
including metropolitan Detroit. Study findings are reported in a manner consistent with the
CONSORT statement for cluster randomized trials.(12)

Health system primary care providers (i.e., in the areas of family practice, internal medicine,
and pediatrics) were invited to participate. This group has had access to electronic
prescription writing (i.e., ePrescribing) since January 19, 2005, and at the time of the
intervention primary care clinicians were expected to use ePrescribing exclusively.
Physicians who consented to participate were grouped according to practice, such that each
practice comprised a group of physicians who worked together semi-autonomously (usually
at single clinic site), cross-covered each others’ patients, and cared for a circumscribed
patient population. Preliminary analysis showed that system patients received 96% of
outpatient asthma care at a single clinic site. One hundred ninety-two (92%) of the 207
primary care staff clinicians, representing 34 pre-defined primary care practices within the
health system, agreed to participate. One clinic was not included a priori since it functioned
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as the primary resident clinic for internal medicine trainees. Physicians were randomized
with their practice as to whether or not the group would receive medication adherence
information on their patients with asthma.

The decision to randomize by practice was based in part on preliminary small focus groups
held with physicians in the design stage of the study. The purpose of these focus groups was
to design the intervention to be acceptable, feasible, and sustainable in busy clinical settings.
Focus group physicians expressed their desire to be able to share adherence information
among the group cross-covering each others’ patients. Randomizing by practice also
minimized overlap between physicians and patients in opposite arms of the study. Practices
were randomized stratifying for whether the practice was a pediatric practice (i.e., pediatrics
vs. family medicine and internal medicine) in order to achieve approximately equal
partitioning of children and adults in both study arms. One researcher (ELP) generated the
random allocation sequence within strata and the identities of the practices were concealed
at the time of randomization.

Eligible patients had to fulfill the following criteria: a prior electronic prescription for an
ICS between January 19, 2005 and April 30, 2007; age 5 to 56 years as of April 30, 2007;
continuous enrollment in the affiliated health maintenance organization (HMO) for at least 1
year prior to April 30, 2007; prescription drug coverage as of April 30, 2007; at least one
physician diagnosis of asthma and no diagnosis of chronic obstructive pulmonary or
congestive heart failure following January 19, 2005; and at least one visit to a primary care
provider in the year prior to April 30, 2007. Patients meeting these criteria were invited by
letter to participate in the study, and those who refused were not included. Patients were
excluded if their ICS medication was stopped and not restarted, or if they left the HMO prior
to the start of the intervention (i.e., before August 1, 2007). Patients enrolled in the study
were aligned to the practice in which they received their primary care. Therefore, all
enrolled patients from the same practice were randomized to the same study arm.

Intervention
The intervention period ran from August 1, 2007 to July 31, 2008. The study staff was
masked to the individual practice treatment assignment. Each participating physician
received a packet which contained standardized information regarding their assigned study
arm. Physicians assigned to both groups received an audio CD, video DVD, and booklet
which contained information on the most recent national asthma guidelines (3) and methods
for discussing medication non-adherence with their patients. The education material
emphasized a non-confrontational approach to discussing adherence and included ways to
identify barriers to taking medication, tips to help patients remember to take their
medication, and methods to promote patient self-efficacy. Each educational packet
contained redundant information in multiple formats (i.e., audio CD, video DVD, and
booklet) so that physicians could choose according to their preference. Physicians in the
intervention arm also received specific instructions on how to interpret the adherence data
that they would be able to view via the ePrescribing application (DrFirst Inc., Rockville,
MD).

We have previously described the calculation of ICS adherence from data which are
routinely collected as part of electronic prescription writing and medication filling, and we
have also shown that in our patient population we have near complete capture of ICS fills.
(13;14) Briefly, we linked electronic prescription information with fill information from
pharmacy claims data to estimate the number of days that a given fill of an ICS would last
(i.e., days supplied). This was calculated by dividing the canister size (i.e., puffs per
canister) as derived from National Drug Codes in pharmacy claims by the dosage
information (i.e., puffs per day). The calculated days’ supply was then used to estimate
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adherence as a continuous measure of medication availability equal to the Cumulative days’
supplied/Number of days of observation.(15) This estimates the proportion of time that the
patient took their medication, and has been shown to be associated with asthma outcomes.
(4) Using a similar approach, we also estimated the frequency of the short-acting beta-
agonist use as previously described.(16) Lastly, the strength of each patient’s current ICS
prescription was estimated based on current national guidelines according to the patient’s
age, type of ICS, and prescribed dose.(3) These metrics were calculated approximate every 2
weeks and uploaded to the ePrescribing system where they could be viewed by physicians in
the intervention arm at the time of prescription writing, reviewing the medication list, or
renewing medications (Figure E1 in the online supplemental material); this information is
henceforth referred to as general adherence information. Physicians interested in the specific
details of their patients’ ICS adherence over time could view this information by selecting a
link following the general adherence message (Figure E2 in the online supplemental
material); these data are henceforth referred to as detailed adherence information. We
tracked the use of ePrescribing software by physicians in the intervention group to record
the number of times that general and detailed adherence information was viewed. Control
group physicians also used the ePrescribing system; however, use on their patients with
asthma was not available.

Statistical analysis
Outcomes were ascertained by staff without knowledge of the treatment assignment. The
primary outcome measure was patient adherence to inhaled corticosteroids in the last 3
months of intervention (i.e., an individual level outcome accounting for practice clusters).
For individuals who disenrolled from the HMO or whose ICS medication was discontinued
by a clinician, we carried forward their last 3 months adherence. Baseline ICS adherence
was measured during the 3-months preceding the start of the intervention. Forty-five patients
for whom adherence could not be calculated during the intervention period (e.g., their ICS
prescription was without refills) were excluded from the analysis. However, we also
performed a sensitivity analysis whereby we ascribed to these patients their baseline
adherence, 0% adherence, and 100% adherence to determine whether this assumption
substantially altered the results. No substantive differences were found (data not shown).

Given the cluster-randomized design, we used an intracluster correlation coefficient (ICC)
of 0.02 for adherence when calculating study sample size for this primary outcome. The ICC
was derived from baseline measures of the variance in adherence between and within
practice clusters. We estimated that the study would require a total of 2,598 patients from 34
practices (i.e., 17 per arm) to have >80% power to detect a 9% absolute difference in
adherence between study arms assuming a two-sided alpha value of 0.05. The effect size
was based on another study by us which related this approximate change in adherence with
disease outcomes.(17)

Secondary outcome measures included the time to and the number of the following events
during the intervention period: an asthma-related emergency room visit, an asthma-related
hospitalization, and oral steroid use. These outcomes were identified through electronic
claims with algorithms validated against events in the pre-intervention period. Secondary
outcomes associated with mailed patient surveys were not evaluated as part of this analysis.
As a post-hoc analysis, we also assessed whether the change in adherence between baseline
and study end differed between patients in the intervention and control arms.

Primary and secondary study outcomes were analyzed according to intention-to-treat.
Because of the cluster randomized study design, all analyses also accounted for clustering at
the practice level and stratification by practice type (i.e., pediatrics vs. family medicine and
internal medicine).(18) Analysis of variance was used to assess difference in adherence

Williams et al. Page 4

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



levels between study arms (primary outcome), Cox proportional hazards regression models
were used in the time-to-event analyses (secondary outcomes), and negative binomial
regression models were used when analyzing the number of events during the intervention
period (secondary outcomes). Regression models also adjusted for individual-level patient
variables, including patient age, sex, and race-ethnicity. Among patients in the intervention
group we assessed whether both adherence at study end and changes in adherence over the
study period differed among patients who had a primary care visit, those whose provider
viewed general adherence information, and those whose provider viewed detailed adherence
information.

Lastly, we assessed whether individuals with stable or improved adherence (i.e., individuals
whose adherence was the same or greater between baseline and study end) were less likely
to experience an asthma-related emergency room visit, an asthma-related hospitalization, or
oral steroid use when compared with individuals whose adherence decreased between these
time-points. These outcomes were assessed using both Cox-proportional hazards regression
models (i.e., time-to-event) and negative binomial regression models (i.e., total number of
events).

All analyses were performed using SAS v9.1 (SAS Institute Inc., Cary, NC).(19) A P-value
< 0.05 was considered statistically significant.

RESULTS
We enrolled 193 (93.2%) of 207 primary care providers from 34 practices groups
throughout the health system (Figure 1). This group of providers included 49 family
medicine practitioners, 88 internists, 5 internists/pediatricians, 41 pediatricians, 9 physician
assistants, and 1 nurse practitioner. One pediatrician from the intervention group withdrew
following enrollment. Seventeen practices (88 providers) were randomly assigned to the
intervention arm, and 17 practices (105 providers) were assigned control. From these
practices, we identified 3,003 patients who as of April 30, 2007 met the enrollment criteria.
Of these 3,003 patients, 87 refused participation in the study; 126 had their ICS medication
stopped (and not restarted) in the baseline period from May 1, 2007 to August 1, 2007, and
92 disenrolled from the heath plan prior to the start of the intervention. Of the remaining
2,698 patients, 1,335 were affiliated with intervention practices (and hence had their ICS
adherence information available to the participating providers at these practices) and 1,363
were associated with the control practices.

The baseline characteristics of these patients are shown in Table 1. Only patient age differed
significantly between patients in both study arms; average age was 26.8 years and 28.8 years
for intervention arm and control arm patients, respectively (P=0.001). Baseline ICS
adherence for the two comparison groups was similar at 25.6% and 27.7% for intervention
arm and control arm patients, respectively (P=0.210).

At study end, adherence was not significantly higher among patients in the intervention arm
when compared with patients in the control arm (23.2% vs. 24.9%, respectively; P-value =
0.553) (Table 2). As required, this analysis accounted for both practice cluster and
randomization stratum, but additionally adjusting for patient age, sex, and race-ethnicity did
not impact these finding (data not shown). The ICC for the primary outcome was 0.063.
Adherence was significantly higher among participants in both arms who had had a visit to a
primary care provider in the first 9 months of the study period when compared with
participants with no such visit (23.2% vs. 12.0%; P=0.001 among individuals in the
intervention arm; 24.9% vs. 15.2%; P=0.001 among individuals in the control arm).
However, within these strata (i.e., individuals with no primary care visit in the first 9 months
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of the study and individuals with ≥1 visit), adherence was not significantly different at study
end between individuals in the intervention and control arms (P=0.379 and P=0.639,
respectively). Even individuals who had their general adherence information viewed had
similar adherence at study end when compared to patients in the control arm (25.1% vs.
23.3%; P=0.585). In contrast, individuals who had their detailed adherence information
viewed by their primary care provider in the first 9 months had significantly higher
adherence at study end when compared with patients in the intervention arm whose provider
did not view adherence information (35.7% vs. 12.3%; P=0.002) and when compared with
patients in the control group (35.7% vs. 23.3%; P=0.026).

Table 3 shows the difference in ICS adherence at study end depending on whether in the
first 9 months of the study a participant in the intervention group had a primary care visit,
had their general adherence information viewed, or had their detailed adherence information
viewed. ICS adherence was highest for participants who had all three, and this group had
significantly higher adherence when compared to individuals who had both a primary care
visit and a provider who viewed their general adherence information alone (i.e., group 6 vs.
group 4; P=0.017). Adjusting these comparisons for baseline adherence levels had little
substantive effect on the P-values presented with the exception that the Group 6 vs. Group 3
comparison became statistically significant (P=0.049) and the Group 2 vs. Group 1
comparison was no longer significant (P=0.058) (data not shown).

Among the patients in the intervention arm, 127 subjects had 177 asthma-related emergency
rooms visits, 10 subjects had 10 asthma-related hospitalizations, and 307 subjects had 550
separate occasions in which they were treated with an oral steroid during the study period.
Among the patients in the control arm, 111 subjects had 159 asthma-related emergency
rooms visits, 11 subjects had 11 asthma-related hospitalizations, and 300 subjects had 522
separate occasions in which they were treated with an oral steroid. Therefore, when
compared to patients in the control arm, intervention patients did not differ in the time to
first asthma-related emergency room visit (adjusted hazard ratio [aHR] 1.22; 95% CI 0.83–
1.78), asthma-related hospitalization (aHR 0.86; 95% CI 0.32–2.29), or oral steroid use
(aHR 1.07; 95% CI 0.89–1.29) (Table 4). Likewise, intervention patients had a similar rate
of asthma-related emergency room visits (adjusted relative rate [aRR] 1.12; 95% CI 0.74–
1.69), asthma-related hospitalizations (aRR 0.87; 95% CI 0.33–2.29), and oral steroid use
(aRR 1.11; 95% CI 0.92–1.34) when compared to patients in the control arm during the
study period.

In both intervention and control groups patients combined, those who had stable (i.e.,
unchanged) or improved adherence during the course of study had significantly lower
relative rates of asthma-related emergency room visits (aRR 0.73; 95% CI 0.55–0.98) and
oral steroid use (aRR 0.77; 95% CI 0.63–0.93) when compared with those whose adherence
fell during this time (Table 5).

As a post-hoc analysis, we also examined whether there were differences in the change in
adherence (i.e., the change in adherence between the baseline period and study end) between
study arms. As previously noted in Table 1, individuals in both arms had similar baseline
levels of ICS adherence. We found that in general, the change in adherence over the study
period did not differ between patients in the intervention group and those in the control
group (Table E1 in the online supplemental material). Adherence fell over the study period
for patients in both arms, and it fell to a lesser extent in those who had a primary care visit in
the first 9 months of the study when compared to those who had no such visit. In contrast,
among individuals in the intervention group, participants whose primary care provider
viewed their detailed adherence information in the first 9 months of the study had an overall
increase in their adherence over the study period, and this change was significantly different
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when compared to those whose primary care provider did not view their adherence data
(3.8% vs. −6.7%, respectively; P=0.039).

Among participants in the intervention arm, the only patients that experienced an overall
increase in ICS adherence over the study period were those whose primary care provider had
viewed their detailed adherence information (Table E2 in the online supplemental material).
Individuals in Group 6 (i.e., those with a clinic visit and who had their detailed adherence
information viewed) showed significantly greater improvement when compared with
individuals who did not have adherence information viewed, regardless of the presence of a
clinic visit (i.e., Group 6 vs. Group 1, P=0.037; Group 6 vs. Group 2, P=0.029). These
comparisons were similar for individuals in Group 5 (i.e., those with no clinic visit but who
had their detailed adherence information viewed) but were of borderline statistical
significance (i.e., Group 5 vs. Group 1, P=0.075; Group 5 vs. Group 2, P=0.074). The
consistency of these findings when compared to the analyses presented in Table 3 again
suggests that individuals experienced an overall improvement in their adherence when
providers viewed their detailed adherence information.

DISCUSSION
To our knowledge, this is the first large-scale, controlled study to test the effectiveness of
routinely providing patient medication adherence information to clinicians. Although
smaller studies have suggested that medication use improves when clinicians are provided
measures of adherence to discuss with their patients,(10;20–23) the processing and delivery
of these data to health care providers in these earlier interventions was more labor intensive,
thus limiting their applicability to large patient populations. Although our cluster
randomized trial did not demonstrate a significant difference in the primary (i.e., ICS
adherence) and secondary outcomes between patients in both study arms, it did suggest that
patients’ adherence improved when their primary care clinician used the application as
intended.

For example, we could infer clinician intent by the type of adherence information viewed.
Because general adherence information was available at any time electronic prescribing
application was accessed, “viewing” may not have necessarily signified an interest to see or
act on that information. In contrast, detailed adherence information had to be accessed by
selecting an additional link after the general adherence message, suggesting the clinician
specifically sought further clarification on the pattern of patient medication use. While we
cannot verify that this information was then discussed with patients, we did observe that
patients in the intervention group whose clinicians opted to view this detailed information
had an improvement in their adherence over the study period, whereas adherence tended to
fall among patients whose clinicians did not view this information. Unfortunately, few
clinicians in the intervention group accessed the detailed adherence information during the
study period.

Slow adoption of information technology by physicians has been described.(24;25) To avoid
this reticence, we sought physician input in both the design of the adherence application and
education in its use. This early planning and physician involvement likely accounts for the
high levels of clinician enrollment into the study since the content and delivery of adherence
information was designed to be relevant yet of minimal burden to clinical practice.
Nevertheless, we still saw lower than expected use of the application by primary care
providers. Perhaps a longer intervention period or more intensive clinician education could
have overcome this apparent inertia. While the finding of improved adherence in those
patients whose physicians viewed the detailed adherence information is encouraging, this
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study underscores the importance of changing both patient and clinician behavior in order to
improve asthma controller use.

In this study we estimated medication adherence using both electronic prescriptions and
pharmacy claims for medication fills and refills. We and others have previously shown
claims-based measures of adherence to be associated with disease outcomes,(4;17;26;27)
and therefore these adherence metrics were felt to be reasonable targets for improvement.
Here we show that over the course of a year patients with stable to improved claims-based
adherence levels were less likely to have an asthma-related emergency room visit and
required fewer oral corticosteroid bursts. These findings further support the use of these
metrics in clinical practice.

Moreover, as the source data for these claims-based adherence measures were readily
available within our health system, ICS adherence estimates could be generated, easily,
inexpensively, and repeatedly on our large patient population with asthma. While many
health care systems may not currently have electronic prescription data from which to
generate these estimates, these data will likely become more common with the recent
passage of the Medicare Improvements for Patients and Providers Act of 2008 which
incentivizes electronic prescription writing.(28) Since clinician views of adherence
information can be tracked within an electronic prescription application, direct
compensation based on use may also be way to promote integration of this new information
into practice.(29)

This study must also be interpreted in light of additional limitations. First, provider input
resulted in a cluster-randomized study design, as focus group physicians felt that adherence
information should be shared between colleagues who cross-cover each other’s patients.
However, cluster-randomization does not guarantee equal distribution of patient-level
characteristics,(30) and these may have differed between study arms in ways not assessed or
fully accounted for in our analyses.

We have also recently shown various patient internal factors (i.e., those pertaining to patient
beliefs, knowledge, motivation regarding asthma and asthma treatments) to be related to ICS
adherence.(14) This suggests that an added behavioral intervention may have resulted in
improved medication adherence. However, this intervention was explicitly designed to
assess the real world impact (i.e., effectiveness) of introducing adherence metrics into
clinical practice without an intensive behavioral component (i.e., with the exception of the
standardized adherence education provided to all participating clinicians). Given the
ineffectiveness of many intensive behavioral interventions,(8) we felt that this was a
reasonable first approach. Moreover, our study addressed some of the other limitations of
earlier study designs, namely the use of objective measures of adherence and minimal
population selection bias.(9)

As mentioned previously, we did not directly observe the manner in which clinicians used
the adherence information provided to them in the clinic, and therefore we could not assess
the quality or quantity of physician-patient discussions. Nevertheless, we specifically
avoided interfering with normal clinic processes as our presence could have had unintended
consequences on patient and physician behavior. As a result, we likely have a more reliable
estimate of the intervention’s effectiveness.

Adherence levels at baseline were lower than we have previously described for ICS use.
(13;14;31) In the long term follow-up of patients with asthma previously prescribed an ICS,
some may have experienced an improvement in their asthma without documented
discontinuation of the medication by their physician. In this situation, some of our adherence
measures may have been inappropriately low. Despite the low estimated levels of adherence,
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further decreases over the study period were associated with poor outcomes, suggesting that
there was underuse of controller medication. In addition, seasonal variation in ICS use (i.e.,
lower summertime use) could have accounted for the low baseline and follow-up adherence
measures;(32) however, we do not anticipate that this would have affected the differences
observed by level of physician viewing.

Outcomes were analyzed as intention-to-treat and included individuals who neither had a
primary care visit nor had their adherence information viewed during the study period.
Overall, individuals with a clinic visit had higher adherence when compared with those who
did not. Yet, individuals who had their detailed adherence information viewed had the
largest improvement in adherence, and this improvement was similar in magnitude for
individuals who did and did not have a clinic visit. This suggests that important patient-
clinician interactions regarding this information may have also occurred over the phone, via
the mail, or by another method.

In summary, our data suggest that providing clinicians with adherence information may
improve patients’ ICS adherence when clinicians are sufficiently motivated to review the
details of their patients’ medication use. Although this intervention was explicitly designed
to be feasible and minimally obtrusive in the clinical setting, our study suggests that further
inducements are needed to get clinicians to use this information as intended. In other words,
while providing adherence information may be a necessary first step, physicians may require
further training or financial incentives structured around the use of this information. Yet, it
is also important to note that once the electronic process is established, these measures can
be generated on a recurring basis with little marginal effort. Therefore, across a large patient
population and over time, the actual number of physicians using the information and number
of patients benefiting may eventually outweigh the continued investment even if these
numbers are relatively small; however, this will require further study.

Clinical Implications: Adherence information can be generated for large numbers of
patients, but clinician use is a barrier. Improvements in patient ICS adherence may occur
when clinicians use the application as designed.
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Figure 1.
Flow chart of patients, providers, and practice clusters randomized in the intervention to
provide clinicians with inhaled corticosteroid adherence information on their patients with
asthma
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Table 1

Baseline characteristics of patients with asthma in the intervention and control study arms

Characteristic Intervention patients (n = 1,335) Control patients (n = 1,363) P-value

Age (years) – mean ± SD 26.8 ± 17.4 28.8 ± 17.4 0.001

Age categories – no (%) 0.982

 5–17 years 591 (44.3) 604 (44.3)

 18–56 years 744 (55.7) 759 (55.7)

Female – no (%) 737 (55.2) 753 (55.3) 0.983

Race-ethnicity 0.569

 African-American 511 (38.3) 528 (38.7)

 White 726 (54.4) 749 (55.0)

 Other 98 (7.3) 86 (6.3)

Baseline ICS adherence – mean ± SD* 25.6 ± 37.3 27.7 ± 38.5 0.210

SE denotes standard deviation and ICS, inhaled corticosteroid.

*
Adherence for the 3-month period preceding the start of the intervention.
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Table 2

Differences in inhaled corticosteroid adherence at study end between patients with asthma in the intervention
and control study arms*

Outcome

Adherence in
intervention patients

– mean ± SE (n =
1,335)

Adherence in
control patients –
mean ± SE (n =

1,363) P-value†

ICS adherence at study end 21.3 ± 2.5 23.3 ± 2.2 0.553

ICS adherence at study end among patients with no primary care provider visit
in first 9 months of study‡||

12.0 ± 2.3 15.2 ± 2.9 0.379

ICS adherence at study end among patients with ≥1 primary care provider visit
in first 9 months of study§||

23.2 ± 2.7 24.9 ± 2.2 0.639

ICS adherence at study end among patients whose primary care provider did
not view their adherence data in the first 9 months of study¶††

12.3 ± 3.0 -- --

ICS adherence at study end among patients whose primary care provider
viewed their general adherence data in the first 9 months of study**††

25.1 ± 2.4 -- --

ICS adherence at study end among patients whose primary care provider
viewed their detailed adherence data in the first 9 months of study‡‡||||

35.7 ± 5.1 -- --

SE denotes standard error and ICS, inhaled corticosteroid.

*
Adherence measured for the last 3 months of the intervention, May 1, 2008 through July 31, 2008.

†
P-value for the comparison of individuals in the intervention group with individuals in the control group. All analyses account for practice cluster

and randomization stratum.

‡
Number of individuals in each category was 228 and 221, respectively.

§
Number of individuals in each category was 1,087 and 1,117, respectively.

||
P=0.001 for the comparison of ICS adherence among individuals in the intervention group with and without a primary care visit, and P=0.001 for

the comparison of adherence among individuals in the control group

¶
Number of individuals was 396.

**
Number of individuals was 939.

††
P=0.001 for the comparison of ICS adherence among individuals in the intervention group whose primary care provider viewed their general

adherence information with those whose primary provider did not view such information.

‡‡
Number of individuals was 53

||||
P=0.002 for the comparison of ICS adherence among individuals in the intervention group whose primary care provider viewed their detailed

adherence information with those whose primary provider did not view such information.
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