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Purpose: Daily adherence to inhaled corticosteroid (ICS) regimens is one of the most important factors linked to achieving optimal asthma control. Motivational interviewing (MI) is a client-centered
communication style that focuses on enhancing intrinsic motivation to engage in appropriate selfmanagement behaviors. MI has been shown to improve a variety of health behaviors including
medication adherence in other disorders, but its efficacy for the improvement of ICS adherence
in asthmatics has yet to be examined. This pilot “proof of concept” trial assessed the feasibility
of MI to improve daily ICS adherence and asthma control levels in adult asthmatics.
Methods: Fifty-four poorly controlled (Asthma Control Questionnaire [ACQ] score 1.5),
highly nonadherent (filled 50% of ICS medication in the last year) adult asthmatics were
recruited from the outpatient asthma clinic of a university-affiliated hospital. Participants underwent baseline assessments and were randomly assigned to MI (3×30 minutes sessions within a
6-week period, n=26) or a usual care (UC) control group (n=28). ICS adherence (% pharmacy
refills) and asthma control (ACQ, Asthma Control Test [ACT]) were measured at 6 and
12 months postintervention. Mixed model repeated measure analyses for both intent-to-treat and
per-protocol were used. Results were adjusted for a priori-defined covariates including baseline
adherence. Patients in the MI group also reported their impressions of the intervention.
Results: Six-month adjusted intent-to-treat analyses revealed a mean change in the percentage
of ICS refills of 13% in the MI group vs 6% in the UC group (between group net improvement
associated with MI =+6% [-12% to 24%]). Twelve-month analyses revealed a mean change
in the percentage of ICS refills of 11% (MI group) vs 7% in the UC group (between group
net improvement associated with MI =+3% [-11% to 18%]) representing an effect size (ES)
of d=0.20 (medium). Six-month adjusted net improvement in ACQ and ACT scores between
MI and control groups was -0.2 and +0.7, respectively, with improvements being even more
pronounced at 12 months (ACQ =-0.5; ACT =+1.1; ES, d=0.12 and 0.18 [small], respectively).
Interestingly, 6- and 12-month net improvements in asthma self-efficacy (which is specifically
targeted by MI) improved by +0.4 and +0.4, respectively, with an ES of d=0.46 (marginally large).
Patients in the MI group rated the intervention overwhelmingly positively in terms of usefulness,
pertinence, feasibility, enjoyableness, and likelihood to change adherence behavior.
Conclusion: Results suggest that a brief (90 minutes) MI intervention that targets ICS adherence
can produce clinically significant improvements in adherence behavior, asthma control levels, and
asthma self-efficacy in poorly controlled nonadherent asthmatics at 6 months that are maintained
for 1 year, and it is well accepted by patients. Future studies including larger sample sizes, modified
intervention designs (eg, MI “booster” sessions), and assessments of the extent behavior changes
translate into clinical improvements (eg, in asthma control and quality of life) are warranted.
Keywords: motivational interviewing, asthma, adherence, inhaled corticosteroids, asthma control
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Introduction
Asthma is a chronic disorder of the airways characterized by
reversible airway obstruction caused by persistent inflammation, resulting in recurrent wheeze, cough, and chest tightness. Asthma represents a significant societal burden, costing
over 2 billion dollars annually in Canada1 and 56 billion
annually in the United States.2 The high burden of asthma,
which affects 300 million people worldwide, appears to be
related to poor asthma control, which is associated with
more frequent asthma symptoms, worse pulmonary function, increased health service use, and increased functional
impairment.3–5
The availability of effective treatments suggests that
asthma can be well controlled in most patients,6 yet the vast
majority of asthmatics remain poorly controlled.3,4 Achieving optimal asthma control relies upon several behavioral
factors, including minimizing exposure to known triggers
(eg, pets, dust) and engaging in appropriate health behaviors
(eg, avoiding tobacco smoking and adhering to medication).7
According to current asthma treatment guidelines,5 daily
adherence to inhaled corticosteroid (ICS) regimens is one
of the most important behavioral factors linked to achieving
optimal asthma control, because it has been shown to be
effective for achieving good asthma control even in patients
who fail to adequately minimize exposure to known triggers (eg, indoor allergens, exercise). Despite the efficacy of
ICSs, recent trends suggest that asthmatics are not adherent
to these medications, with rates being as low as 32%, even
in patients with severe asthma.8–10 Explanations for this
range from simply forgetting (nonintentional adherence) to
having distorted illness and medication beliefs (intentional
nonadherence).11–14
Currently, there is a paucity of research on interventions
specifically designed to improve ICS adherence among
adult asthmatics. Most previous work has been conducted
in pediatric samples,15–18 which has yielded inconsistent
results that are difficult to generalize to adult samples
because pediatric adherence often relies upon parental
beliefs, attitudes, and behavior. Of the studies conducted
among adults,19–29 most suffer from important methodological limitations (eg, no objective measure of adherence,22,24
failing to conduct intent-to-treat (ITT) analyses19–26 as
per the CONSORT statement)30 that make them difficult
to generalize or interpret with confidence. Moreover, the
majority of interventions to date have used primarily educational approaches, which have been the subject of much
criticism, as several studies have shown that there is little
association between patient’s knowledge about a disease
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and its treatment, and their actual treatment behavior.9,31–33
This may be due to the fact that most education-based
approaches do not address motivation and self-efficacy to
engage in a particular behavior, both of which are key to
behavioral intention and action.34
Motivational interviewing (MI) is a client-centered intervention that focuses on enhancing (1) intrinsic motivation to
engage in a particular behavior and (2) an individual’s level
of self-efficacy or confidence in their ability to engage in
that behavior.35 Brief MI sessions (eg, 1–5, 15–30-minute
sessions) have been shown to improve a variety of health
behaviors (eg, reduce alcohol consumption, improve dietary
habits, increase exercise behavior, and improve medication
adherence) and health outcomes (reduce blood pressure, body
mass index, and cholesterol levels).36–38 However, no studies
to date have assessed the efficacy of using MI to improve
ICS adherence in asthmatics.
The purpose of this study was to conduct a single-site
randomized controlled pilot trial to assess the feasibility
of brief MI to improve daily ICS adherence and asthma
control levels in a sample of poorly controlled, nonadherent
asthmatics in a tertiary care setting. We expected to observe
improved rates of ICS adherence (measured using pharmacy
refill rates) and asthma control at 6 and 12 months postintervention among patients randomized to the MI intervention compared with those randomized to a usual care (UC)
control condition.

Methods
Participants
A total of 54 adult asthma patients meeting eligibility criteria
and agreeing to participate were recruited from the outpatient
clinic of Hôpital du Sacré-Coeur de Montréal (HSCM) by a
trained research assistant between June 2008 and September 2010. Patients were included if they were 18 years and
older, had a primary diagnosis of moderate–severe persistent
asthma (confirmed by chart evidence of a 20% fall in forced
expiratory volume in one second [FEV1] after methacholine challenge and/or bronchodilator reversibility in FEV1
of 20% predicted39 as per Global Initiative for Asthma
guidelines),5 and had been prescribed a stable dose of ICS
medication (minimum prescribed dose of 250 µg fluticasone
equivalent per day) for at least 12 consecutive months prior
to study entry. Patients had to have been identified as having
uncontrolled asthma (Asthma Control Questionnaire [ACQ]
score 1.5) and nonadherent to ICS medication based on
having filled less than 50% of their prescription for ICSs over
the last year. Patients were excluded if they had a comorbid
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medical condition that conferred greater risk for morbidity
than asthma (eg, chronic obstructive pulmonary disease,
cardiovascular disease), if they had severe psychopathology
(eg, schizophrenia), current substance abuse, an apparent
cognitive or language deficit, or if they were or planned to
become pregnant or move outside of Quebec over the course
of the study.
See Figure 1 for details regarding the flow of participants
through the study. Briefly, a total of 1,530 patients presented
to the outpatient asthma clinic over the course of the recruitment period, of which 1,446 patients were prescreened for
inclusion. A total of 528 patients had confirmed asthma

without language and cognitive deficits and were approached
to participate. Of these, 185 patients (35%) refused, resulting in a sample of 343 patients who underwent screening
evaluations. Of them 289 patients did not meet the eligibility
criteria, yielding 54 eligible patients who were randomized
to MI or UC. This project was approved by the Human Ethics Committee of HSCM, and all patients provided written
informed consent.

Study design
This study was a single-site randomized controlled pilot
“proof of concept” trial designed to test the feasibility of

Number of subjects presented to the outpatient asthma clinic at HSCM
between June 2008 and September 2010
(n=1,530)
Missed subjects (n=184)
Number of pre-screened subjects (approached for inclusion in BD-asthma)
(n=1,346)
– No confirmed asthma (n=779)
– Cognitive/language deficits (n=39)
Number of subjects approached for participation in MI project
(n=528)
– Declined to participate (n=185)
Number of subjects evaluated for participation in MI project
(n=343)
Number of subjects excluded (n=289):
– Refill >50% of prescription (n=59)
– ACQ <1.5 (n=63)
– Prescription of ICS <12 mo (n=45)
– ICS <250 mg (n=17)
– Pregnant (n=3)
– No ICS or only PRN (n=60)
– Participate in other projects (n=9)
– Significant comorbidity (n=33)
Randomized (n=54)

Allocated to intervention (n=26):
Received allocated intervention: 21
Did not receive allocated intervention: 5
(Excluded before intervention: 2 [participation
in pharmacological study]; withdrawal before
intervention: 3)
Lost to follow-up (n=7):
Withdrawal: 4
Excluded: 3 (participation in pharmacological
study: 2; adherence over the previous year >50%
according to additional information from the
pharmacy: 1)

Allocated to usual care (n=28):
Received allocated intervention: 28
Did not receive allocated intervention: 0

Lost to follow-up (n=6):
Withdrawal: 2
Excluded: 4 (participation in pharmacological
study: 3; chemotherapy for cancer: 1)
Discontinued intervention (n=0)

Discontinued intervention (n=4):
Withdrawal: 3
Cognitive/language deficits: 1
Analyzed:
ITT: n=26
PP: n=18

Analyzed:
ITT: n=28
PP: n=22

Figure 1 Study flow chart.
Abbreviations: HSCM, Hôpital du Sacré-Coeur de Montréal; BD, twice-daily; MI, motivational interviewing; ACQ, Asthma Control Questionnaire; ICS, inhaled
corticosteroid; PRN, as needed; ITT, intent-to-treat; PP, per-protocol; mo, months.
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brief MI vs UC on ICS adherence among poorly controlled,
nonadherent adult asthmatics. This pilot trial was conducted in accordance with the National Institute of Health’s
Obesity Related Behavioral Intervention Trials (ORBIT)
guidelines on the development of behavioral interventions,
which emphasize using a phasic approach that mirrors drug
development in the pharmaceutical industry.40 According
to ORBIT, this trial could be characterized as a Phase IIb
trial, which are smaller trials designed to determine the
effect size (ES) of an intervention and its acceptability in
the target population.
Patients were recruited from the outpatient asthma
clinic at HSCM. Patients underwent a screening assessment including a brief sociodemographic characteristics,
medical history, and psychiatric interview, as well as
pulmonary function testing, on the day of their asthma
clinic visit. Patients meeting all eligibility criteria were
invited to participate in an intervention study designed
to help patients gain better control of their asthma. They
were informed that we would be collecting pharmacy
refill data but not that it was the primary outcome of interest. Consenting patients returned to the hospital within
approximately 4 weeks to undergo baseline assessments
with the study research assistant, which included completing a battery of self-report questionnaires and conducting
pulmonary function testing (standard spirometry) (see
“Measures” section for details). Following the completion
of all baseline assessments, patients were randomized to MI
or UC using a computer algorithm that generated a random
code that was kept in a concealed envelope until opened
by the study coordinator at the time of randomization as
per the CONSORT guidelines.41 Patients randomized to
MI were told that they would meet an “asthma educator”,
who was a clinical psychologist with extensive MI training, for three to four (range 0–4) years, for 30-minute
(range 11–61 minutes) sessions over a 4- to 6-week
period. Patients randomized to UC were free to accept
whatever treatments were offered to them by their treating physicians, but had no contact with the research team
until completing postintervention assessments. With the
exception of the visual analog scales assessing patients’
impressions on the MI intervention (which were completed
at baseline and immediately postintervention only), all
postintervention assessments were completed in-hospital
at 6 and 12 months postintervention by a research assistant
who was blinded to patient group. To increase the success
of blinding, patients were instructed not to disclose their
group assignment to the research assistant.
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MI intervention
Patients randomized to MI underwent three to four individual
15–30 minute sessions over a 4–6 week period. The educator and the patient decided together that more than three
(up to a maximum of five) sessions were needed to achieve
therapeutic goals. In preparation for this pilot trial, an MI
intervention manual that was adapted from Rollnick et al34 for
use with nonadherent asthmatics was developed. Data from
focus groups including asthma patients, pulmonologists, and
allied health professionals who treat asthmatics (eg, nurses,
inhalotherapists) were incorporated to inform aspects of
the intervention design and manual, including dose (session length, intervention duration), environment (where the
intervention would be delivered and by whom), and format
(individual/group, in-person/telephone) that was deemed
most acceptable to key stakeholders (ie, patients, physicians,
and allied health professionals who treat asthmatics).42
The delivery of the intervention adhered to the approaches,
techniques, and strategies outlined in the manual to ensure
intervention fidelity. These included exploring ambivalence,
supporting self-efficacy, “rolling with resistance,” and eliciting “change-talk.”34 The overall goal of the intervention
was to enhance patients’ intrinsic motivation to take their
ICS medication as prescribed by exploring their ambivalence about taking their medication in a way that promotes
change. This is accomplished by eliciting “change-talk”,
which encourages patients to verbalize potential benefits of
taking their medication (and the potential disadvantages of
not taking their medication), and by getting patients to generate potential solutions to perceived barriers to taking their
medication as prescribed. Agenda setting for each session
was collaborative, and the educator took the patient’s stage of
change43 into account when delivering the MI intervention.

MI intervention integrity
and quality control
The psychologist who delivered the MI intervention had
over 10 years of clinical experience and received additional
MI training (2-day intensive MI workshop with interactive
feedback) from an accredited MI Network Trainer, as well as
specific training on asthma control strategies and use of the
manual. Additionally, the psychologist delivering the intervention was supervised (via biweekly meetings and as-needed
support and feedback) by the study lead investigator (KLL),
a PhD-level clinical psychologist with extensive experience
in both delivering MI techniques and training other health
professionals (6,000) on the use of MI in clinical settings.
Finally, all intervention sessions were audiotaped, and the
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number of sessions and total session time were recorded. In
order to verify treatment integrity, 10% of all sessions were
evaluated by an independent expert (experienced clinical
psychologist trained in use of MI) using the Motivational
Interviewing Skill Code.44

Usual care
Patients assigned to UC received whatever treatments their
attending physician prescribed, which may have included a
prescription for ICS + reliever medication as needed, and/
or an action plan for exacerbations, and/or referral to asthma
education. In order to ensure equity to all patients and reduce
negative expectancy effects among patients randomized to
UC (if they preferred to be randomized to the active intervention), patients assigned to UC were given the opportunity to
participate in the MI intervention once they had completed
the 12-month assessment (although results were not included
in final analyses).

Measures
All measures were taken at baseline and at 6 and 12 months
postintervention.

Primary outcome: ICS adherence
Baseline ICS adherence measures were taken for the
12-month period prior to study entry, and posttreatment measures were taken at 6 and 12 months postintervention. ICS
adherence (primary outcome) was measured as a proportion
according to the following equation: the number of treatment
(prescription) days/182.5 days (6 months adherence) and
365.5 days (12 months adherence), respectively. Data were
obtained by accessing the patients’ pharmacologic chart at
their community pharmacy.

Secondary outcomes: self-reported
adherence, asthma control,
asthma-related quality of life,
and asthma-related self-efficacy
Self-reported medication adherence was measured using the
Morisky scale.45 This questionnaire includes four items that
are rated on a 5-point Likert-type scale, where 5= never and
1= very often. A sample item includes: “Some people forget
to take their inhaled corticosteroid medications. How often
does this happen to you?” This scale has good to excellent
psychometric properties, including good reliability (α=0.61)
and excellent concurrent and predictive validity.45,46
Asthma control was measured using the ACQ47 and the
Asthma Control Test (ACT).48 The ACQ evaluates levels of
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asthma control according to the standard criteria specified
by the international guidelines.49 Respondents are asked to
recall their symptoms (shortness of breath, wheezing, waking
dyspnea, and nocturnal dyspnea), activity limitations, and
bronchodilator use in the last week. One additional question
assessing spirometry results (FEV1, % predicted) is completed
by the research assistant. The ACQ contains seven items
rated on a 7-point scale (0= good control, 6= poor control)
to yield a mean score out of 6. The ACQ has demonstrated
excellent measurement properties, including high intraclass
correlation coefficients between 0.90 and 0.95 and good construct, cross-sectional, and longitudinal validity.47,50 A score
of 1.5 on this questionnaire is indicative of poor asthma
control,51 and scores of differences or changes of 0.50 are
considered clinically significant.52 The ACT assesses the
five asthma control criteria (shortness of breath, general
asthma symptoms, bronchodilator use, effect of asthma on
daily functioning, and overall control) on a 5-point Likerttype scale (1= all the time, 5= not at all for symptoms and
activities; 1= not at all controlled, 5= completely controlled
for overall control). Scores range from 5 (poor control) to 25
(complete control) with higher scores representing better control. It has demonstrated good psychometric properties, with
a test–retest reliability of 0.77 and an internal consistency of
α=0.84–0.85 (cross-sectionally) and 0.79 (longitudinally).
A score of 19 indicates well-controlled asthma and 3 points
between two groups or for changes over time are considered
clinically significant.53
Asthma-related quality of life was measured using the
Asthma Quality of Life Questionnaire (AQLQ),54 which
evaluates asthma quality of life across four life domains
that may be negatively impacted by asthma: activity limitation (how asthma limits ability to carry out daily activities),
symptoms (nature and frequency of asthma symptoms such
as wheezing, shortness of breath), emotional distress (how
emotionally stressful the disease is), and environmental
stimuli (how difficult it is for the patient to manage or
avoid environmental triggers of asthma, such as pollution,
smoke, dust). It contains 32 items rated on a 7-point scale
(1= maximal impairment, 7= no impairment) to yield a mean
score out of 7. It has demonstrated excellent measurement
properties, including internal consistencies of 0.81 (activities
subscale) to 0.95 (overall score).55 Scores differences or
changes of 0.50 are considered clinically significant.56
Asthma-related self-efficacy was measured using the
Asthma Self-Efficacy Scale. This scale evaluates how
confident asthmatics are in their ability to control asthma
symptoms in a variety of situations. It contains 80 items rated
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on a 4-point Likert-type scale from 1= not at all confident
to 4= very confident. It has good measurement properties57
and has been successfully used in our laboratory in previous
studies.58,59
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Patient impressions of the MI intervention
In order to assess patients’ acceptability of the intervention,
patients’ impressions of the MI intervention were assessed
pre- and postintervention using a visual analog scale (0= not
at all to 10= extremely). Patients rated the perceived usefulness, pertinence, feasibility, enjoyableness, and expected
(pre) vs actual (post) likelihood of intervention to change
medication adherence behavior.

Statistical analyses
Imputation of missing data
Multiple imputation is recommended for studies with missing values that affect less than 60% of the sample.60 In the
present study, 14 patients (26%) had at least some missing
data, so multiple imputation procedures were used. The
imputation method used assumes that missing data are
random, and includes all covariates that were included in
the final analysis. We imputed data on cases who had missing data, producing five independent replicates of datasets.
Finally, each filled-in dataset comprised 54 patients, which
was the final sample size used for analyses in this study.
Estimation for model coefficients was produced using
PROC MINIANALYZE, which averages all estimates and
adjusts standard errors according to Rubin’s rule.61 Details
of the amount of missing data per variable are included in
Table 1. We used the PROC MI method of multiple multivariate imputation in SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA).

Supplementary analyses
Considering an increase of 15% in ICS adherence as clinically significant, we compared the percentage of patients
reaching at least this change at 12 months in each group.
The percentage of patients who reported as having a not
well-controlled asthma (ACQ score of 1.5 or above) was also
compared between MI and UC groups at 12 months.
All tests were two sided and significance level was
set at P0.05. Data analysis was performed using SAS
version 9.3.

Results
Sample characteristics
Demographic and medical/asthma history characteristics of
the 54 participants as a function of treatment condition are
presented in Table 1 and are representative of a tertiary care
sample of moderate to severe asthmatics. At entry, patients
from both groups showed similar characteristics except for
waist circumference, which was significantly higher in UC
patients (P=0.008; see Table S1). Baseline characteristics
of the 14 patients who withdrew or were excluded from the
study were also similar to those of patients who completed
the trial (n=40; see Table S1).

Main analyses

Primary outcome

All analyses for this pilot study were ITT as per the CONSORT statement.41 Mixed-model approach (PROC MIXED)
was used for the analysis of repeated measurements with
subjects as random effect. Fixed effects included in the
model were: sex, age, total ICS dose (as an indicator of
asthma severity), smoking status, randomization group (MI
vs UC), time, and the product term of time and group. All
covariates were determined a priori based on established
associations with the dependent variables. These models
were used to assess the effects of the intervention on primary (% ICS refill rates) and secondary (asthma control,
asthma-related quality of life, and asthma-related selfefficacy) outcomes. Additional per-protocol (PP) analyses

After adjusting for covariates, the ITT 6-month analyses
revealed a mean change in % ICS refills of 13% in the MI
group vs 6% in the UC group (net improvement associated
with MI =+6% [95% CI, -12% to 24%]) (Table 2). Twelvemonth analyses revealed a mean change in % ICS refills of
11% (MI group) vs 7% in the UC group (net improvement
associated with MI =+3% [-11% to 18%]) representing a
medium ES (d=0.20). The PP analyses revealed a comparable
medium ES at 12 months (d=0.23), but with larger mean
changes in both groups (MI, +16%; UC, +7%) (Table 3).
At 12 months, an increase of 15% or more in %ICS refills
was observed in 39% (10/26) and 36% (10/28) of MI and
UC patients (ITT, χ ²=0.04, P=0.83), respectively. Among
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were done, including patients who completed the trial as
planned. In addition, the ES (d) was calculated within each
treatment condition, and then the control group ES was
subtracted from the MI group ES to compute the overall
ES. The ES for each treatment condition was defined as the
baseline – 12-month change in mean score divided by the
standard deviation of change score. The ES was categorized
as small (0.20), medium (0.20–0.50), large (0.50–0.80),
or very large (0.80).62
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Table 1 Participants’ characteristics at baseline
Sociodemographics
Age, years
Men, n (%)
Cohabitation (yes), n (%)
Employed (yes), n (%)
Education level (12 years), n (%)
Clinical and functional profile
Refill: β2LA + ICS or ICS alone, n (%)
Refill: combined β2LA + ICS, n (%)
Total dose of combined β2LA and/or ICS, mg
Anti-leukotrienes, n (%)
Anti-rhinitics, n (%)
FEV1, L
FEV1, % predicted.
FVC, L
FVC, % predicted
FEV1/FVC, % predicted
Atopic, n (%)
Current smoker (yes), n (%)
BMI, kg⋅m-2
Waist circumference, cm
Asthma duration, years
Bronchodilator use, number last week
ACT scores (5–25)
ACQ scores (0–6)
ASES total scores (1–5)
Morisky scores (5–30)
AQLQ scores (1–7)
Total
Activity limitations
Symptoms
Emotional function
Exposure

Total (n=54)

MI (n=26)

Control (n=28)

Missing data, n

50 (16)
21 (39)
30 (56)
27 (50)
30 (56)

52 (15)
13 (50)
16 (62)
13 (50)
12 (46)

49 (16)
8 (29)
14 (50)
14 (50)
18 (64)

–
–
–
–
–

21 (39)
33 (61)
723 (501)
12 (22)
19 (35)
2.1 (0.8)
69 (24)
2.5 (1.1)
70 (32)
102 (17)
43 (80)
7 (13)
31 (7)
95 (15)
24 (18)
7 (12)
17 (4)
1.9 (1.0)
2.6 (0.8)
22 (5)

11 (42)
15 (58)
705 (585)
5 (19)
8 (31)
2.1 (0.8)
71 (30)
2.5 (1.0)
72 (40)
102 (15)
19 (73)
4 (15)
29 (5)
100 (18)
21 (17)
9 (14)
17 (4)
1.7 (0.9)
2.6 (0.9)
22 (5)

10 (36)
18 (64)
740 (419)
7 (25)
11 (39)
2.0 (0.9)
67 (15)
2.5 (1.3)
67 (20)
103 (18)
24 (86)
3 (11)
32 (9)
89 (9)
26 (20)
6 (10)
17 (4)
2.1 (1.1)
2.6 (0.7)
22 (5)

–
–
–
–
–
3
3
3
3
3
–
–
–
1
–
4
1
1
1
1
1

4.9 (1.0)
4.5 (1.2)
5.0 (1.0)
5.4 (1.2)
4.7 (1.4)

4.9 (0.9)
4.6 (1.0)
5.1 (1.0)
5.3 (1.2)
4.7 (1.3)

4.8 (1.1)
4.5 (1.4)
4.9 (1.1)
5.4 (1.2)
4.7 (1.6)

Notes: Data are expressed as mean (SD) or n (%).
Abbreviations: MI, motivational interviewing; β2LA, long-acting beta2-agonists; ICS, inhaled corticosteroid; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;
BMI, body mass index; AQLQ, asthma quality-of-life questionnaire; ACT, Asthma Control Test; ACQ, Asthma Control Questionnaire; ASES, Asthma Self-Efficacy Scale.

the completers, 50% (9/18) and 36% (8/22) of MI and UC
patients at 12 months (χ ²=0.75, P=0.38), respectively,
showed this change.

Secondary outcomes
Small to medium ES were obtained in change of Morisky scale scores at 12 months according to both ITT and
PP analyses (d=0.14 [small ES] and 0.23 [medium ES],
respectively).
Concerning the control of asthma symptoms, the results
of the ACQ and ACT analyses did not reveal any statistically
significant differences in the 12 months mean change scores
between the two groups according to both ITT and PP analyses, with small ES (ACQ d=0.12–0.13; ACT d=0.15–0.18)
(Tables 2 and 3). At 12 months, 42% (11/26) and 61% (17/28)
of MI and UC patients, respectively, reported having poorly

Patient Preference and Adherence 2014:8

controlled asthma (ACQ score 1.5; ITT, χ ²=1.83, P=0.18).
Among the completers, 61% (11/18) and 77% (17/22) of MI
and UC patients at 12 months (χ ²=1.23, P=0.27), respectively, reported poorly controlled asthma.
Likewise, both the ITT and PP analyses failed to show
any statistically significant between-group differences in the
Symptom domain scores of the AQLQ (as well as a very
small ES, d=0.03, see Tables 2 and 3). However, while ITT
analyses also failed to show any significant differences in the
other subscale scores of the AQLQ (ie, Activity Limitation,
Environmental Impact, and Emotional domains; Table 2), the
PP analyses revealed medium ESs (ranging from d=0.31 to
0.36) in favor of the intervention (Table 3).
Finally, a medium to large ES was obtained for the change
in the total score of the asthma-related self-efficacy scale at
12 months (ITT, d=0.43; PP, d=0.53).
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5.0 (4.5;5.4)

5.1 (4.7;5.5)

4.6 (4.0;5.1)

5.3 (4.8;5.8)
4.6 (4.0;5.2)

5.4 (4.9;5.9)
4.6 (3.9;5.3)

5.5 (4.9;6.0)

5.1 (4.6;5.5)

4.7 (4.1;5.2)

5.4 (5.0;5.9)

4.9 (4.5;5.3)

4.4 (3.9;4.9)

4.8 (4.4;5.2)

22 (20;24)

2.6 (2.3;2.9)

2.1 (1.7;2.4)

17 (15;18)

27 (16;38)

4.7 (4.1;5.2)

5.7 (5.2;6.1)

5.1 (4.6;5.6)

4.5 (3.9;5.0)

4.9 (4.6;5.3)

24 (22;26)

2.6 (2.3;2.8)

1.9 (1.6;2.3)

18 (17;19)

33 (20;45)

4.6 (3.9;5.4)

5.4 (4.9;5.9)

4.9 (4.4;5.3)

4.3 (3.7;5.0)

4.7 (4.3;5.1)

22 (20;25)

2.5 (2.2;2.8)

2.2 (1.8;2.7)

18 (16;20)

33 (23;44)

12 mo
+11
(-0.2;23)
+2
(-0.1;4)
0
(-0.5;0.5)
+0.2
(-0.1;0.4)
+2
(-1;4)
+0.1
(-0.3;0.5)
+0.1
(-0.4;0.5)
+0.1
(-0.4;0.5)
+0.2
(-0.3;0.7)
+0.1
(-0.6;0.6)

6 mo
+13
(-0.3;26)
+2
(-0.2;4)
+0.1
(-0.2;0.4)
+0.2
(-0.0;0.4)
+3
(-0.1;5)
+0.2
(-0.1;0.6)
+0.2
(-0.2;0.6)
+0.2
(-0.2;0.7)
+0.1
(-0.4;0.6)
-0.0
(-0.6;0.6)

+0.2
(-0.3;0.6)
+0.1
(-0.4;0.6)
+0.2
(-0.3;0.7)
+0.2
(-0.2;0.7)
-0.0
(-0.7;0.7)

+6
(-7;18)
+1
(-0.6;3)
-0.1
(-0.5;0.2)
-0.0
(-0.2;0.2)
+2
(-0.5;4)

6 mo

Control

-0.1
(-0.4;0.3)
-0.1
(-0.6;0.4)
-0.0
(-0.5;0.5)
-0.1
(-0.6;0.4)
-0.1
(-0.8;0.7)

+7
(-4;18)
+1
(-1;3)
+0.1
(-0.3;0.5)
-0.2
(-0.4;0.1)
0
(-2;3)

12 mo

+0.1
(-0.4;0.7)
+0.3
(-0.4;1.1)
+0.1
(-0.6;0.9)
-0.3
(-1.0;0.4)
-0.1
(-1.0;0.8)

+6
(-12;24)
+0.7
(-1.3;2.7)
-0.2
(-0.7;0.4)
+0.4
(-0.0;0.7)
0
(-4;3)

6 mo

+0.2
(-0.4;0.9)
+0.2
(-0.8;1.2)
+0.2
(-0.4;0.8)
+0.1
(-0.6;0.8)
+0.0
(-1.1;1.1)

+3
(-11;18)
+1.1
(-1.6;3.7)
-0.5
(-1.2;0.1)
+0.4
(-0.0;0.9)
+1
(-3;4)

12 mo

MI – Control

Between–group
differences (95% CI)

0.07

0.18

0.06

0.12

0.14

0.14

0.46

0.12

0.18

0.20

ES (d)#

Notes: *Estimates adjusted for covariates (age, sex, total ICS dose, and current smoking). #The ES (d) was calculated within each treatment condition, and then the control group ES was subtracted from the MI group ES to compute the
overall ES. The ES for each treatment condition is defined as the baseline minus the 12 months change in mean score divided by the standard deviation of change score.
Abbreviations: ITT, intent-to-treat; CI, confidence interval; MI, motivational interviewing; ES, effect size; AQLQ, asthma quality-of-life questionnaire; ACT, Asthma Control Test; ACQ, Asthma Control Questionnaire; ASES, Asthma
Self-Efficacy Scale; mo, months.

Emotional
function
Exposure

23 (21;26)

24 (22;26)

5.3 (4.8;5.7)

2.9 (2.5;3.3)

2.9 (2.7;3.2)

5.0 (4.6;5.4)

1.7 (1.2;2.2)

1.8 (1.4;2.2)

4.6 (4.0;5.2)

19 (17;21)

19 (17;20)

4.8 (4.2;5.3)

37 (26;47)

38 (26;51)

4.6 (4.1;5.1)

Refill
26 (14;37)
(0–100%)
ACT scores
17 (15;19)
(5–25)
ACQ scores
1.7 (1.3;2.1)
(0–6)
ASES total
2.6 (2.3;2.9)
scores (1–5)
Morisky
21 (20;23)
(5–30)
AQLQ score (1–7)
Total
4.9 (4.5;5.2)

Activity
limitations
Symptoms

12 mo

MI
6 mo

Control
Baseline

Baseline

12 mo

MI
6 mo

Within-group change* (95% CI)

Mean* (95% CI)

Table 2 Means and changes at follow-up (ITT analyses)
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6 mo

4.8
(4.5;5.2)
4.4
(4.0;4.8)
5.0
(4.6;5.3)
5.5
(5.0;6.0)
4.7
(4.1;5.3)

5.0
(4.6;5.3)
4.5
(4.0;4.9)
5.2
(4.8;5.5)
5.7
(5.3;6.2)
4.8
(4.2;5.3)

33
(19;47)
18
(17;20)
1.8
(1.5;2.2)
2.5
(2.3;2.8)
24
(22;26)

12 mo

4.7
(4.3;5.1)
4.2
(3.7;4.7)
4.8
(4.4;5.3)
5.3
(4.8;5.8)
4.5
(3.9;5.1)

35
(23;47)
18
(16;20)
2.1
(1.7;2.5)
2.4
(2.1;2.7)
23
(20;25)

12 mo
+16
(1;31)
+2
(-0.4;4)
-0.0
(-0.4;0.4)
+0.2
(-0.4;0.1)
+2
(-1;4)
+0.1
(-0.3;0.5)
+0.2
(-0.3;0.7)
-0.1
(-0.6;0.4)
+0.3
(-0.3;0.9)
+0.3
(-0.4;0.9)

6 mo
+18
(2;34)
+3
(+0.3;5)
+0.0
(-0.4;0.4)
+0.2
(0;0.4)
+3
(1;5)
+0.2
(-0.2;0.5)
+0.3
(-0.1;0.7)
+0.2
(-0.2;0.6)
+0.1
(-0.3;0.5)
+0.1
(-0.4;0.6)

+0.1
(-0.2;0.5)
+0.1
(-0.3;0.4)
+0.2
(-0.2;0.6)
+0.2
(-0.2;0.6)
+0.1
(-0.5;0.6)

+1
(-1;4)

+7
(-8;22)
+1
(-1;4)
-0.1
(-0.5;0.2)
0
(-0.2;0.2)

6 mo

-0.2
(-0.5;0.2)
-0.2
(-0.6;0.2)
-0.1
(-0.6;0.3)
-0.2
(-0.7;0.3)
-0.2
(-0.7;0.4)

-0.2
(-0.4;0.1)
0
(-2;3)

+9
(-4;22)
+1
(-1;3)
0.1
(-0.3;0.5)

12 mo

-0.3 (-0.9;0.2)

-0.1 (-0.5;0.4)

+0.2 (-0.4;0.8)
+0.1 (-0.6;0.9)

+0.1 (-0.4;0.7)
-0.4 (-1.1;0.3)

+0.3 (-0.6;1.3)

+0.6 (-0.1;1.4)

+0.4 (-0.2;1.1)

+0.1 (-0.8;0.7)

+0.4 (-0.2;0.9)

-0.2 (-4;3)

+0.1 (-0.4;0.6)

+0.2 (-3;3)

+0.3 (-0.2;0.8)

+0.2 (-2.4;2.8)

+0.7 (-1.4;2.8)

+0.4 (0;0.7)

+4 (-13;21)

12 mo

+9 (-11;29)

6 mo

MI – Control

Between–group differences*
(95% CI)

0.32

0.36

0.03

0.36

0.31

0.23

0.53

0.13

0.15

0.23

ES (d)#

Notes: *Estimates adjusted for covariates (age, sex, total ICS dose, and current smoking). #The ES (d) was calculated within each treatment condition, and then the control group ES was subtracted from the MI group ES to compute the
overall ES. The ES for each treatment condition is defined as the baseline minus the 12 month change in mean score divided by the standard deviation of change score.
Abbreviations: PP, per-protocol; CI, confidence interval; MI, motivational interviewing; ES, effect size; AQLQ, asthma quality-of-life questionnaire; ACT, Asthma control Test; ACQ, Asthma Control Questionnaire; ASES, Asthma SelfEfficacy Scale; ICS, inhaled corticosteroid, mo, months.

5.0
(4.6;5.5)
4.8
(4.3;5.4)
5.0
(4.5;5.5)
5.5
(4.9;6.0)
4.9
(4.2;5.5)

5.1
(4.7;5.5)
4.9
(4.4;5.4)
5.3
(4.9;5.7)
5.3
(4.8;5.8)
4.7
(4.2;5.2)

27
(16;38)
17
(15;19)
2.0
(1.6;2.3)
2.6
(2.2;2.9)
22
(20;24)

Baseline

40
(27;53)
18
(16;20)
1.7
(1.3;2.1)
2.8
(2.5;3.2)
22
(20;25)

12 mo

42
(27;57)
19
(18;21)
1.8
(1.4;2.1)
2.9
(2.6;3.2)
24
(22;26)

6 mo

Baseline

Refill
24
(0–100%)
(12;36)
ACT scores
16
(5–25)
(14;18)
ACQ scores
1.7
(0–6)
(1.4;2.1)
ASES total
2.7
scores (1–5)
(2.3;3.0)
Morisky
21
scores (5–30)
(19;23)
AQLQ scores (1–7)
Total
4.9
(4.5;5.3)
Activity
4.6
limitations
(4.1;5.1)
Symptoms
5.1
(4.7;5.5)
Emotional
5.2
function
(4.6;5.7)
Exposure
4.6
(4.0;5.2)

MI

Control

MI

Control

Within–group change* (95% CI)

Mean* (95% CI)

Table 3 Means and changes at follow-up (PP analyses)
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Patients’ impressions of the intervention
Patients in the MI group rated (on a scale from 0 to 10) the
intervention overwhelmingly positively in terms of usefulness (mean =9.1, SD [standard deviation] =0.8), pertinence
(mean =8.9, SD =1.2), feasibility (mean =9.2, SD =0.8),
enjoyableness (mean =9.5, SD =0.7), and likelihood of changing adherence behavior (mean =9.2, SD =1.3). These ratings
indicate that the intervention was very well received by patients
and shows promise in terms of feasibility and effectiveness.

MI treatment integrity
MI treatment integrity was assessed by an independent
rater (clinical psychologist trained in use of MI) using
the Motivational Interviewing Skill Code.44 This analysis
revealed Global Therapist Ratings of 6.5 (expert level),
Ratio of Reflections to Questions of 1.04 (proficiency
level), % Open Questions of 38% (below proficiency
of 50), % Complex Reflections of 61% (expert level),
% MI-Consistent Responses of 95% (expert level), % MIInconsistent Responses of 2.6% (expert level), % Therapist
Talk Time of 37% (expert level), and Client Change Talk
Time of 71% (expert level). With the exception of % Open
Questions, an evaluation of MI treatment integrity indicates
that the intervention was delivered as intended, and for the
most part, at the expert level.

Discussion
This pilot study assessed the feasibility of a relatively brief
(90 minutes) MI intervention to improve daily ICS adherence in 54, nonadherent, poorly controlled adult asthmatics.
Results of ITT analyses revealed that after adjustment for
covariates, MI yielded a net improvement of +6% in ICS
adherence at 6 months and of +3% at 12 months when
compared to UC, which was not statistically significant
but represents a medium ES (d=0.20). A comparable ES
was observed in PP (completer) analyses (d=0.23) but
with larger overall net improvements in ICS adherence at
6 (+11%) and 12 (+7%) months associated with MI relative
to UC. To our knowledge, this is the first study to directly
assess the feasibility of a brief MI intervention to improve
ICS adherence in adult asthmatics. Although one previous
study demonstrated the efficacy of MI to improve readiness
to adhere to asthma medication and attitudes about adherence, it did not assess the impact of MI on actual adherence
behavior per se.63 Similarly, despite observing a positive
effect of MI on caregiver-reported adherence among innercity adolescents with asthma,64 that study was not randomized and did not measure actual adherence, which makes
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it difficult to compare the results to those observed in the
present study. Nonetheless, the ESs obtained in the present
study are generally consistent with those reported in previous
medication adherence trials conducted among patients with
other medical conditions (eg, HIV).38
Of particular note is that medium effects were observed
with as little as 90 minutes of MI. Previous studies have
reported that in general, higher “doses” of MI tend to be
associated with larger effects,36,38 so the results of the present
study are promising in that they suggest that even brief doses
of MI are associated with medium effects on adherence. It
is also noteworthy that the superior net improvement in ICS
adherence in the MI group was observed in comparison to
control condition that likely approximates “standard or optimal” care rather than “usual” care. In this study, the control
groups were all treated by experienced pulmonologists who
treat asthmatics according to guideline recommendations:
standard practice at our hospital-based asthma clinic is to
give patients a prescription for ICS + reliever medication
as needed, and/or an action plan for exacerbations, and/or
referral to in-house asthma education. As such, it is possible
that the “strength” of the control group in this study may have
weakened some of the effects associated with MI. Nonetheless, the fact that MI was delivered as a brief intervention
also suggests that it may have important cost-effectiveness
for improvement in ICS adherence and ultimately asthma
outcomes.
Although there were no significant differences in relation
to changes in12-month mean asthma control and overall quality of life levels, medium ESs (ranging from d=0.31 to 0.36)
in favor of the intervention were observed on the Activity
Limitation, Environmental Impact, and Emotion subscales
of the AQLQ among patients who completed the intervention. This suggests that MI and any changes in adherence
may more readily impact functional measures of asthma in
these domains, and that more time may be needed to observe
larger effects on asthma control. The failure to observe any
group differences in relation to changes in asthma control
may also be due to the relatively small MI vs control difference in adherence change. To our knowledge, this is the
first study to assess the impact of MI on changes in asthma
control and quality of life levels. However, results suggest
that in modest doses, MI may impact some clinical measures
of asthma more than others, eg, those related to functional
status and quality of life.
Interestingly, the largest ESs observed in association
with the intervention were in relation to changes in 12-month
asthma self-efficacy in both ITT (d=0.43) and completer
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(d=0.53) analyses. This is not surprising as one of the key
goals of MI in clinical settings is to increase self-efficacy or
confidence in patients’ ability to change their behavior or
engage in better self-management of their disease. This result
is also reassuring as it provides evidence for improved selfefficacy as a potential moderator of the intervention’s impact
on adherence and asthma outcomes. However, the fact the
self-efficacy effect was larger than the adherence effects suggests that MI may have stronger impacts on confidence that
take longer to translate into actual behavior change. To our
knowledge, this is the first study to assess the impact of MI
on changes in asthma-specific self-efficacy. However, the
results are highly consistent with previous studies showing
the impact of MI on measures of self-efficacy65,66 and points
to a specific target of intervention among poorly controlled,
nonadherent asthmatics. Although we did not assess them or
attempt to intervene upon them in this study, other psychological explanations for low adherence have been reported
in the literature including depression, cognitive impairments,
and distorted illness and/or treatment beliefs.66–68 Future studies could assess the extent to which MI could also improve
other psychological variables.

Study limitations and strengths
The present study has some limitations that warrant caution
in the interpretation of findings. First, our primary measure
of adherence used pharmacy refill data, which does not assess
actual medication consumption. However, assessing pharmacy refill data is considered to be one of the most reliable
methods of assessing adherence relative to self-reports, dose/
pill counters, and biological assessments,69 the former two of
which have been shown to be subject to reporting bias and/or
tampering when the participant is aware that they are being
monitored.67 Second, patients were recruited from a single
tertiary care center, so results may not generalize to asthmatics treated in primary care or community samples. However,
a sample of moderate–severe asthmatics was deliberately targeted given their relatively greater needs for ICS medication
and the importance of regular adherence to achieve control.
Third, recruitment rates were surprisingly low at 23%. The
reasons for such low rates of recruitment are not known, and
ethically, we were not permitted to ask patients their reasons
for nonparticipation. One of the challenges associated with
ICS adherence among asthmatics is the accuracy of their estimates of their levels of control. This project was presented as
one aimed at helping patients improve their levels of asthma
control. It is therefore possible that patients’ overestimated
their levels of control and did not perceive a need or see a
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potential benefit to participating. Unfortunately, we did not
assess patients’ perceptions of their levels of control so we
cannot confirm this hypothesis directly. However, patients’
poor overall control levels (ie, ACQ =1.9) and surprisingly
low baseline rates adherence (ie, 30%) indicates a disconnection between actual control levels and medication
use, suggesting that patients may be underestimating their
levels of asthma control. It should also be noted that we also
recruited patients who were highly (50%) adherent, which
is lower than many reported definitions of nonadherence,
which is around 80%.67,70 This may have also impacted
our recruitment rates. Fourth, measures of asthma control
and quality of life were based on self-reports, which may be
subject to recall bias. However, we also collected objective
measures of lung function, which were incorporated into
ACQ scores. Finally, as mentioned earlier, the results of this
study likely failed to reach statistical significance due to a
low sample size and lack of power. However, this aspect of
the design was intentional and was instituted to comply with
the recommendation of ORBIT to use a phasic approach to
behavioral intervention design. In line with this recommendation, we conducted a Phase II trial to determine the size
of the effect associated with a 90-minute “dose” of MI and
the acceptability of the intervention to patients. The medium
ES (d=0.20) and high patient acceptability (postintervention
ratings for pertinence, usefulness, enjoyableness, feasibility,
and likely to change adherence behavior all 8.9/10) suggest
that a full randomized controlled trial is warranted, and this
pilot data will permit an accurate estimation of the sample
size needed to reach statistical significance on both primary
and secondary outcomes.
Despite these limitations, this study also has several
important strengths. First, it is the first adherence intervention among adult asthmatics to test the feasibility of a
theory-driven intervention that was specifically designed
to promote behavior change. Second, it measured baseline
and follow-up adherence using a well-validated, objective
measure (% pharmacy refills), which reduces the likelihood
of recall bias (self-reports) and subject tampering (dose
counters and biological assessments) and improves the
overall reliability of the measure. Third, we included patients
who were nonadherent to ICS medication, ensuring that
only participants who had behavior change were intervened
upon. This is important because previous studies that have
failed to find a significant effect for MI may have failed
because they attempted to intervene upon patients who did
not exhibit the “problem” behavior in the first place.71 For
example, Solomon et al71 examined the efficacy of MI to
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improve adherence among newly diagnosed osteoporosis
patients and failed to find a significant effect. However,
they enrolled any patient who received a new prescription,
regardless of their typical level of adherence. As such, it is
possible that some patients were enrolled in the trial despite
having no problems with adherence. Even though one might
expect this to be evenly distributed between the groups
(due to randomization), it may have ultimately diluted any
treatment effect (ie, reduced power) and contributed to the
nonsignificant findings observed.72 Fourth, we employed a
manualized intervention (with some degree of flexibility
to be consistent with the spirit of MI), which increases the
reproducibility of the findings. Fifth, we used an experienced
(10 years) clinical psychologist who received extensive MI
training with regular supervision and feedback to administer
the intervention. This, coupled with an assessment of treatment fidelity (which was judged to have been delivered at
the expert level by an experienced, trained evaluator) ensures
the integrity of intervention. Sixth, we included outcomes
at the behavioral (adherence), clinical (asthma control, quality of life), and process (asthma self-efficacy) level. In any
behavioral intervention that targets behavior change, it is
critical to include the behavior of interest as the primary outcome. Finally, analyses were adjusted for several important
covariates (including sex, age, ICS dose [as an indicator of
asthma severity], and smoking), and included a follow-up
period long enough to estimate the 12-month efficacy of the
intervention, which is critical to determine the long-term
maintenance of behavior change.

Conclusion
The results of this pilot RCT suggest that a brief (90 minutes)
intervention using MI to enhance intrinsic motivation and
self-efficacy to improve medication (ICS) adherence can
produce improvements in adherence behavior in poorly
controlled, nonadherent asthmatics at 6 months that are
maintained at 1 year, and is well accepted by patients. This
trial provides evidence of the need for a fully powered clinical
trial to assess the impact of MI on both medication adherence
and relevant asthma outcomes (eg, asthma control levels,
health service use, asthma-related quality of life).
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Table S1 Participants’ characteristics at baseline
Sociodemographics
Age, years
Men, n (%)
Cohabitation (yes), n (%)
Employed (yes), n (%)
Education level (12 years), n (%)
Clinical and functional profile
Refill: β2LA + ICS or ICS alone, %
Refill: combined β2LA + ICS, %
Total dose of combined β2LA and/or ICS, mg
Anti-leukotrienes, n (%)
Anti-rhinitics, n (%)
FEV1, L
FEV1, % predicted
FVC, L
FVC, % predicted
FEV1/FVC, % predicted
Atopic, n (%)
Current smoker (yes), n (%)
BMI, kg⋅m-2
Waist circumference, cm
Asthma duration, years
Bronchodilator use, # last week
Bronchodilator use, # per puff
ACT scores (5–25)
ACQ scores (0–6)
ASES total scores (1–5)
Morisky scores (5–30)
AQLQ scores (1–7)
Total
Activity limitations
Symptoms
Emotional function
Exposure

Completers (n=40)

Withdrawals (n=14)

P

51 (15)
14 (35)
24 (60)
18 (45)
21 (52)

50 (17)
7 (50)
6 (43)
9 (65)
9 (64)

0.83
0.32
0.27
0.21
0.44

15 (38)
25 (62)
739 (461)
11 (27)
13 (32)
2.0 (0.7)
67 (15)
2.4 (1.1)
67 (17)
103 (17)
33 (82)
4 (10)
31 (8)
95 (16)
25 (20)
6 (8)
1.5 (0.5)
17 (4)
1.9 (0.9)
2.6 (0.1)
22 (5)

6 (33)
8 (57)
675 (618)
1 (7)
6 (43)
2.2 (1.1)
74 (39)
2.7 (1.3)
77 (54)
102 (18)
10 (72)
3 (21)
29 (6)
95 (10)
21 (12)
12 (19)
1.4 (0.5)
18 (3)
2.0 (1.3)
2.6 (0.2)
22 (4)

0.72

4.9 (0.9)
4.5 (1.2)
5.0 (0.9)
5.4 (1.2)
4.7 (1.4)

4.9 (1.2)
4.6 (1.4)
4.9 (1.2)
5.5 (1.3)
4.7 (1.4)

0.94
0.75
0.78
0.77
0.96

0.68
0.15
0.53
0.51
0.51
0.53
0.47
0.78
0.45
0.36
0.53
0.98
0.44
0.25
0.30
0.22
0.61
0.91
0.93

Notes: Data are expressed as mean (SD) or n (%).
Abbreviations: MI, motivational interviewing; β2LA, long-acting beta2-agonists; ICS, inhaled corticosteroid; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;
BMI, body mass index; AQLQ, asthma quality-of-life questionnaire; ACT, Asthma Control Test; ACQ, Asthma Control Questionnaire; ASES, Asthma Self-Efficacy Scale.
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