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ackground: Determining the factors that will predict long-term asthma control is essential for improving
ealth outcomes and decreasing the burden on the health care system. Patient-reported outcomes (PROs) on
ealth behaviors can provide valuable information about future asthma control but have rarely been
onsidered in previous analyses.
Objective: To develop statistical models for evaluating the predictors of long-term asthma control using
PROs such as scores of the Asthma Control Test and the Asthma Self-Efficacy Scale.
Methods: Of 1,437 individuals contacted, 566 (39%) at baseline and 486 (34%) at follow-up completed the
questionnaires, including 4 PROs (Asthma Control Test, Asthma Self-Efficacy Scale, Mini-Asthma Quality of Life
Questionnaire, and Beliefs about Medication Questionnaire). Long-term asthma control was evaluated by
assessing overuse of rescue medication and emergency department visits. A multivariate logistic generalized
estimating equation model was fitted to evaluate the possible effect of the studied factors on asthma control.
Results: The complete case generalized estimating equation analysis included 286 participants who had
complete PROs at the 2 evaluation times. After adjusting for socioeconomic status and smoking status, the
Mini-Asthma Quality of Life Questionnaire was a significant predictor of asthma exacerbation. For each 1-
point increase on the Mini-Asthma Quality of Life Questionnaire, there was a 0.25 decrease in the odds of
a patient’s asthma getting out of control.
Conclusion: These findings suggest opportunities to decrease the burden on health care by tailoring in-
terventions that combine PROs with other clinical and sociodemographic variables.
� 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction early detection, and timely treatment of asthma exacerbations that
Despite advances in the development of medications and
guidelines for diagnosis and management, asthma remains an
important health problem.1,2 The primary goal of asthma treatment
is for patients to maintain disease control, in part by the absence of
asthma exacerbations.3 The large proportion of individualswith poor
control contributes to increased usage of health care resources and
high health care costs.4e8 Existing evidence suggests that consider-
able decreases in morbidity could be achieved by the prevention,
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result from poor disease control and poor lung function.1,9

Providing appropriate treatment and improving health out-
comes for asthma require a mechanism for identifying patients at
risk of developing asthma exacerbations. This means determining
the factors associated with poor asthma control. Delineating such
predictors can help identify patients in need of further intervention
and could help the health care team tailor patient-centered in-
terventions in a way that will maximize the derived benefits for
individual patients. Therefore, for this study, the authors defined an
algorithm based on the recommendation of Kawasumi et al,10

which identifies patients who experience serious adverse asthma
exacerbations and then receive medical services in an emergency
department (ED) or overuse controller medications or fast-acting
b-agonists (FABAs) or fill at least 1 prescription for oral steroids.

Most studies that have examined predictors of asthma exacer-
bations have focused on clinical and laboratory measurements.
Studies also have identified patient characteristics, such as
lsevier Inc. All rights reserved.
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socioeconomic status (SES), age, sex, bodymass index, and smoking
status, as significant predictors of poor asthma control.11e13 Simi-
larly, patient-reported outcomes (PROs) and previous health care
usage have been shown to predict asthma exacerbations 12months
later.10 Other key predictors of poor asthma control have included
poor access to care and poor quality of care that have been related
to characteristics of the primary care physician responsible for the
patient’s asthma management.13,14

Less attention has been devoted to evaluating the influence of
patient health behaviors on asthma control, which are potentially
modifiable patient characteristics. There is increasing recognition
that greater attention to patient behaviors and their influence on
future outcomes will likely play an important role in improving
health outcomes for asthma.15e18 The influence of personality traits
and beliefs about medicines on adherence to asthma treatment
have been recognized as an important factor in predicting asthma
exacerbations.19 The relation among self-management, self-efficacy
and improved health behaviors and clinical outcomes also has been
shown in other chronic conditions.20e24 These included improved
ability to manage pain, less depression, increased frequency of
exercise, using medicine as prescribed, managing stress, and
following a recommended diet.

Integration of the clinical markers of asthma control with PROs
has been identified as crucial for evaluating the risk of asthma
exacerbations in patients, which in turn helps in planning patient-
specific interventions.25,26 The purpose of this study was to eval-
uate and compare the independent predictive ability of PROs,
including self-perceived asthma control, self-efficacy, and perception
about quality of life and beliefs about medications, for the risk of
asthma exacerbations. The authors hypothesized that all these
would be significant predictors. A secondary objective was to eval-
uate the interaction between self-efficacy and self-perceived asthma
control because the authors hypothesized that self-reported symp-
toms in those more confident in managing their asthma symptoms
would have significantly fewer future asthma exacerbations.

Methods

Study Participants and Procedure

Participants for this study were identified through primary care
physicians participating in the Medical Office of the 21st Century
(MOXXI) study27 who were in full-time fee-for-service practices in a
large metropolitan area. Primary care physicians were identified by
professional association master lists and contacted by letter and
telephone to determine their interest in participating in the MOXXI
project. Patients of these physicians were identified from the Quebec
provincial health database, La Régie de l’assurance maladie du
Québec (RAMQ), by medical service claims and physician and ben-
eficiary files. Individuals with probable asthma were identified
through the MOXXI system using information on written and
dispensed prescriptions and medical services claims diagnostic
codes based on algorithms validated in prior research.28 Participants
at least 18 years of agewho consented to theMOXXI project andwho
had a confirmed diagnosis of asthmawere called by amember of the
research team and invited to participate in the study.

The institutional review board of McGill University (Montreal,
Quebec, Canada) approved this study.

Measurements

Patient-reported outcomes
The following patient-reported questionnaires were completed

over the phone at 2 time points a year apart, namely at baseline and
at follow-up.

Asthma Self Efficacy Scale. The Asthma Self Efficacy Scale measures
confidence in managing situations that precipitate asthma. The
ASES asks patients to rate their confidence in avoiding an asthma
attack in different situations encompassing activities, interactions
with others, and feelings or emotions. The ASES is based on basic
self-efficacy theories that state that patients’ perceptions of their
own capabilities will affect their motivations, coping behaviors, and
ability to maintain certain behaviors.29 Previous studies have sup-
ported the validity and reliability of the ASES.30,31

Asthma Control Test. The Asthma Control Test (ACT), a 5-point
patient-administered survey for assessing asthma control, has
emerged as a simple and quick tool for evaluating patient-reported
asthma control.32,33 In addition to asking about asthma symptoms
during the past 4 weeks, the ACT asks patients to rate their overall
level of asthma control. The reliability, validity, and responsiveness
of the ACT have been tested in a sample of patients new to the care
of an asthma specialist. The ACT has been found to be internally
consistent (Cronbach a ¼ 0.85)33 and to have moderate test and
retest reliability (intra-cluster correlation ¼ 0.77).

Beliefs about Medicines Questionnaire. Patient’s beliefs about their
medicines were evaluated using the Beliefs about Medicines
Questionnaire (BMQ).34,35 The BMQ is comprised of 2 5-item Likert
scales assessing patients’ beliefs about the “necessity” of prescribed
medication for controlling their illness and their “concerns” about
the potential adverse consequences of taking it. The necessity
concern differential score was calculated by subtracting the specific
concerns scale from the specific necessity scale (range�20 to 20).19

A positive differential score indicates that the patient has stronger
beliefs in the necessity of medications comparedwith concerns and
vice versa in the case of a negative score. Emilsson et al19 found the
2 subscales of the BMQ to be internally consistent with the Cron-
bach a for the specific necessity and concern scales (0.87 and 0.78,
respectively).

Mini-Asthma Quality of Life Questionnaire. TheMini-Asthma Quality
of Life Questionnaire (MAQLQ) is a shorter but more efficient version
of the original Asthma Quality of Life Questionnaire (AQLQ). It was
developed and fully validated by Juniper et al.35 The MAQLQ has 15
questions in the same domains as the original AQLQ (symptoms,
activities, emotions, and environment). A score can be derived for
each domain and for an overall composite score. Items are scored on
a scale from 1 to 7, with a higher score reflecting better status.

Patient’s sociodemographic characteristics
Sex, age, and indicators of SES (eg, household income) were

obtained from the RAMQ. Age was categorized into 3 groups
(18e39, 40e59, and �60 years old). Average household income
obtained by each subject’s residential postal code was used as an
indicator of income data and the corresponding SES of the study
participant. Furthermore, it was divided into 3 income groups: low
(income �$31,753), middle (income $31,753e$80,000) and high
(>$80,000). Thus, subjects were allocated to 1 of 3 categories of SES
based on the average household income of residents in their postal
code area.36

Comorbidity conditions
Patients’ smoking status during the past year also was evaluated

by telephone interview. Subjects were considered smokers if they
smoked at least 1 cigarette per day over a 1-year period before
recruitment. In accord with the study by Kawasumi et al,10 2 cat-
egories of medical conditions, as factors that can influence asthma
presentation and management, namely “somatic complaints and
neurotic disorder” and “cardiac-related conditions,” were created.

Asthma control
The number of doses of FABAs dispensed was based on records

of dispensed prescriptions in the prescription claims file of the



Table 1
Missing data pattern at follow-up evaluation

Group ACT BMQ ASES AQLQ Frequency %

1 X X X X 286 64.71
2 X X X d 3 0.68
3 X X d d 1 0.23
4 X d d d 14 3.17
5 d X X X 29 6.56
6 d d d d 109 24.66

Abbreviations: d, missing; ACT, Asthma Control Test; AQLQ, Asthma Quality of Life
Questionnaire; ASES, Asthma Self-Efficacy Scale; BMQ, Beliefs about Medications
Questionnaire; X, not missing.
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RAMQ and private pharmacy prescription files (Table 1). Asthma-
related ED visits and hospitalizations were identified through the
RAMQ medical service claims diagnostic code. Based on a previ-
ously validated algorithm, a patient’s asthma is considered out of
control if the sum of the quantity for all FABAs dispensed to the
patient within the past 12months exceeds 1,000 doses (1,000 doses
is based on the most commonly prescribed FABA, salbutamol, at
100 mg and 2 inhalations at a time or the equivalent for other fast-
acting bronchodilators in the past 12 months)37 and/or they visited
an ED for a respiratory-related problem in the past year. Baseline
values for use of FABA38 and ED visits were evaluated over a 1-year
period before recruitment. Follow-up values were calculated over a
1-year period after recruitment. In summary, a patient’s asthma
was designated as out of control if the patient visited the ED for a
respiratory problem during the 12-month follow-up period or
overused FABAs.

Data Analyses

Descriptive statistics were used to evaluate the characteristics of
patients in the study. Spearman and Pearson correlation co-
efficients were used to assess relations between the predictor
variables based on PROs at the baseline and follow-up evaluations.
Mean values and variability in the scores of the patient-reported
predictive measurements also were examined. To determine
whether a patient’s self-efficacy in particular and other PROs, such
as scores from the ACT, MAQLQ, and BMQ, were independent pre-
dictors of a patient’s asthma control while adjusting for potential
confounders, such as age, sex, SES, and effect modifiers, such as
comorbidities, the authors fitted a multivariate logistic GEE model.
Patients were clustered within physicians with an exchangeable
correlation structure and each patient was observed longitudinally
between the baseline and follow-up times. The GEE model de-
scribes how the average response across patients (or “clusters”)
changes with the covariates. The focus is on the relation between
the covariates and the probability of response, and the correlation
(dependence) of response within a patient is treated as a nuisance
parameter. Furthermore, patients were assumed nested within
physicians. The unit of analysis was the patient, with the patient’s
asthma control status as the outcome of interest. The interaction
effect between the ASES and ACT was added because the authors
believed that the impact of self-perceived asthma control might be
different among individuals reporting high vs low levels of self-
efficacy. Also, to avoid a high correlation between the model co-
efficients of the PROs owing to multi-colinearity, the ACT, MAQLQ,
ASES, and BMQ scores were centered (with centering, only indi-
vidual coefficients of the main effects that are centered change in
the model; everything else remains same). The goodness-of-fit
criterion used for the fitted GEE models was the model QIC
value39,40; smaller QICu values are indicators of better model fit.
The PROs for some patients were unavailable at the follow-up
evaluation and were handled as missing. Sensitivity analysis was
performed to assess the pattern of missing data and to evaluate
how missing data might affect modeling. The authors used 2
multiple imputation methods that assume missing completely at
random (Markov Chain Monte Carlo method41 and monotone
missing data pattern method) for sensitivity analysis.42,43 All sta-
tistical analyses were conducted using Procedure Proc MIANALYZE
in SAS 9.3 (SAS Institute, Cary, North Carolina).

Results

Of the 1,437 individuals contacted, 442 (31%) completed the
questionnaires, including the 4 PROs (ACT, MAQLQ, ASES, BMQ), at
the baseline and follow-up evaluation times. Of these 442, 286
participants had complete data on all 4 PROs at the 2 time points
(Fig 1). The remaining 156 participants had at least 1 missing PRO
datum at the follow-up evaluation. Table 1 presents the distribution
of the missing data.

There were no statistically significant differences in socio-
demographic information, overuse of FABA, and ED visits for a
respiratory problem between those who responded to the tele-
phone interview and the 61%who refused. The only 2 variables that
were significantly different were sex and smoking status. Most
subjects who responded were female (70%), whereas most subjects
who did not respond were male (69%), and this difference in the
proportion of male vs female participants was statistically signifi-
cant (P < .001). Also, 12% of respondents smoked regularly vs 1% of
nonrespondents, and this difference in the percentage of smokers
between the respondents and nonrespondents was statistically
significant (P < .001; eTable 1).

Tables 2 and 3 present the baseline and follow-up characteristics
of the 286 subjects with complete PROs at the follow-up evaluation
compared with the 156 patients with at least 1 PRO missing at
follow-up. The mean, range, and SD of baseline scores of the PROs
for the 286 patients vs the 156 patients with at least 1 PRO missing
at follow-up were similar, except for the average ASES scores. The
mean ASES score for the 286 patients at the baseline evaluationwas
4.2 (range 1.1e5.0) compared with the remaining 156 patients
whose mean ASES score was 4.0 (range 1.2e5.0). The difference in
the mean ASES scores of the 286 patients vs the remaining 156
patients at the baseline evaluation was statistically significant (P ¼
.007). The remaining sociodemographic characteristics of the 2
groups were similar for most variables.

Table 4 presents the basic descriptive statistics for the scores
obtained from the questionnaires at the 2 evaluations. The ques-
tionnaires also were tested for their internal consistency at the
baseline and follow-up evaluations by calculating the Cronbach a.
The high values obtained for all questionnaires (Table 4) at the 2
evaluation times suggest that the items have relatively high inter-
nal consistency. All individual MAQLQ subscale scores were
significantly correlated with one another; therefore, the overall
mean score of the MAQLQ instead of individual MAQLQ subscale
scores was used in the modeling analysis. Also, BMQ scores in the
concern and necessity domains were significantly correlated (r ¼
0.40, P < .0001); therefore, the BMQ differential score was used as
the predictor in the model. The characteristics of these scores were
similar at the 2 evaluations.

The complete case GEE analysis included a total of 286 patients
who were nested within 50 physicians. The number of patients
within any physician ranged from 1 to 38. The complete case
analysis (286 patients with no missing PROs, n ¼ 286 � 2 ¼ 572)
showed that SES, smoking status, and MAQLQ score were statisti-
cally significant predictors of asthma control (Table 5). The inter-
action effect between ACT and ASES scores was not significant. The
GEE analysis performed on the 442 patients after using multiple
imputation for sensitivity analysis resulted in the same significant
predictors, except for age, cardiac-related condition, and ACT score,
which were identified as additional statistically significant pre-
dictors, and the MAQLQ score was no longer a significant predictor.



Table 3
Comparing outcomes of subjects with and without complete PROs at t1

Variables Subjects with
complete
PROs at t1
(n ¼ 286),
n (%)

Subjects with
�1 missing
PRO at t1
(n ¼ 156a),
n (%)

P valueb

ED visits (previous year) .38
0 177 (62) 86 (55)
1 44 (15) 29 (19)
�2 65 (23) 41 (26)

ED visits for respiratory
problems (after 1 y)

.74c

0 259 (91) 138 (88)
1 20 (7) 14 (9)
�2 7 (2) 4 (3)

Days in hospital
(in previous year)

.94

0 229 (80) 127 (81)
1 22 (8) 11 (7)
�2 35 (12) 18 (12)

FABA overuse
Previous year 51 (18) 32 (20) .57
After 1 y 53 (18) 19 (12) .11

Control status
Previous year 69(24) 42(27) .59
After 1 y 67(23) 35(22) .91

Abbreviations: ED, emergency department; FABA, fast-acting b-agonist; PROs,
patient-reported outcomes; t1, at 1-year follow-up.
aThree subjects were missing Asthma Quality of Life Questionnaire scores, 1 was
missing Asthma Self-Efficacy Scale scores, 14 were missing Asthma Self-Efficacy
Scale, Asthma Quality of Life Questionnaire, and Beliefs about Medications Ques-
tionnaire scores, 29 were missing Asthma Control Test scores, and 109 weremissing
scores for all PROs at 1-year follow-up.
bBy c2 test.
cBy Fisher exact test (because 1 cell count was <5).

Table 2
Comparing characteristics of subjects with and without complete PROs at t0

Variables Participants with
complete PROs at
t0 (n ¼ 286)

Participants with
�1 missing PRO
at t0 (n ¼ 156a)

P
value

Age (y), n (%) .54
18e39 24 (8) 18 (11)
40e59 93 (32) 47 (30)
�60 169 (59) 91 (58)

Sex, n (%) .55
Women 198 (70) 113 (72)
Men 88 (30) 43 (28)

SES, n (%) .79
High 19 (7) 8 (5)
Low 70 (24) 37 (24)
Middle 197 (69) 111 (71)

ED visits (previous year),
n (%)

.40

0 183 (64) 95(61)
1 52 (18) 25 (16)
�2 51 (18) 36 (23)

ED visits for respiratory
problems (after1 y),
n (%)

.01

0 258 (90) 140 (90)
1 20 (7) 4 (3)
�2 8 (3) 12 (7)

Days in hospital
(previous year), n (%)

.16

0 232 (81) 122 (78)
1 26 (9) 10 (6)
�2 28 (10) 24 (16)

FABA overuse, n (%)
Previous year 52 (18) 32 (20) .64
After 1 y 54 (19) 34 (22) .54

Control status, n (%)
Previous year 70 (24) 42 (27) .65
After 1 y 75 (26) 46 (29) .53

Comorbidity indicators,
n (%)

Cardiac-related
conditions

38 (13) 27 (17) .32

Neurotic disorder 38 (13) 22 (14) .92
Smoking status (previous

year)
43 (15) 24 (15) 1.00

PROs, mean � SD (range)
ACT 18.5 � 4.5 (7e25) 19.1 � 4.5 (6e25) .23
BMQ (necessity and

concern scales)
4.7 � 5.5 (�10 to 20) 4.1 � 5.9 (�10 to 20) .29

ASES 4.2 � 0.7 (1.1e5.0) 4.0 � 0.8 (1.2e5.0) .007
AQLQ 5.4 � 1.2 (1.1e7.0) 5.4 � 1.1 (2.3e7) 1.00

Abbreviations: ACT, AsthmaControl Test; AQLQ, AsthmaQuality of Life Questionnaire;
ASES, Asthma Self-Efficacy Scale; BMQ, Beliefs about Medications Questionnaire; ED,
emergency department; FABA, fast-acting b-agonist; PROs, patient-reported out-
comes; SES, socioeconomic status; t0, at baseline.
aThree subjects were missing AQLQ scores, 1 was missing an ASES score, 14 were
missing ASES, AQLQ, and BMQ scores, 29 were missing ACT scores, and 109 were
missing all PROs at 1-year follow-up.
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The estimated value of the exchangeable working correlation,
which models the dependency between the measurements in the
same patient at 2 different time points, was 0.45, and the goodness-
of-fit criterion, namely QICu, was 588.5 for the GEE model.
Although some predictors, especially the PROs, were not statisti-
cally significant for these data, including them in the model
resulted in a smaller QICu value, indicating better goodness of fit.
The model with PROs (ACT, MAQLQ, ASES, BMQ, and interaction
between ASES and ACT) had a QICu value equal to 598; the model
with sociodemographic characteristics (age, sex, and SES) and
comorbidities (smoking status, cardiac condition, and neurotic
disorder) had a QICu value equal to 621.4; and the model with
significant predictors of the reported model had a QIC value equal
to 577.2. When the scores of the PROs were added to the model
with sociodemographic characteristics and comorbidities, the
model had a smaller QICu value compared with the other models.
For detecting patients’ control status, the cutoff values of the pre-
dicted probability (.1, .2, .3, .4, and .5) yielded sensitivities of 98%,
83%, 49%, 34%, and 21% and specificities of 13%, 56%, 78%, 91%, and
97%, respectively.
Discussion

In this evaluation of predictors of asthma control for those with
complete data, SES, smoking status, and asthma-related quality of
life as measured by the MAQLQ were identified as significant pre-
dictors of asthma control. This finding has been supported by
previous studies.44,45 It showed that after adjusting for SES and
smoking status, among all the PROs, the MAQLQ was a significant
predictor of asthma exacerbations. That is, for every 1-point in-
crease on the MAQLQ score, while keeping the other predictors in
the model fixed, there was a 0.25 decrease in the odds of a patient’s
asthma getting out of control. Using multiple imputations, the
sample size was increased by 65% (442 patients). With the added
statistical power, 2 additional variables were found to be significant
predictors of asthma control (age and cardiac-related comorbidity)
and ACT score was identified as a significant predictor of asthma
control instead of the MAQLQ score. This could be due to the cor-
relation between ACT and MAQLQ scores, which was moderate
(0.63 at baseline and 0.71 at follow-up evaluation). As previously
reported by Schatz et al,46 in the present study, the correlations of
the ACT score with the MAQLQ score were strongest for the
symptoms and activity domains (r ¼ 0.63, P < .05; r ¼ 0.71, P < .01;
r ¼ 0.50, P < 0.05; r ¼ 0.59, P < .01, respectively), lower with the
emotions domain (r ¼ 0.48, P < .05; r ¼ 0.59, P < .01), and lowest
with the environment domain (r ¼ 0.38, P < .05; r ¼ 0.33, P < .01).

Furthermore, a review was performed by Schatz47 to identify
predictors of severe asthma exacerbations. Schatz identified



$1437 Contacted for Study

566 completed
questionnaire at t1

442 subjects were 
common/present at t1& t2

All PROs complete at t1 
442

All PROs complete at t2
286

Number of subjects analyzed

286

486 completed 
questionnaire at t2

Follow‐up (t2)Baseline (t1)

Figure 1. Flowchart describing flow of study participants. PROs, patient-reported
outcomes; t1, at baseline; t2, at 1-year follow-up.

Table 4
Descriptive statistics and Cronbach a for patient-reported outcomes at t0 and t1a

Variable n Mean SD Minimum Maximum Cronbach a

ACT
t0 442 18.76 4.59 6 25 0.78
t1 304 18.34 4.71 4 25 0.77

BMQ
t0 442 4.48 5.61 �10 20 0.82
t1 319 4.99 5.45 �11 19 0.84

ASES
t0 442 4.11 0.71 1.15 5 0.89
t1 318 2.18 0.75 1.10 5 0.88

MAQLQ
t0 442 5.39 1.16 1.13 7 0.90
t1 315 5.34 1.20 1.67 7 0.90

Abbreviations: ACT, AsthmaControl Test; AQLQ, AsthmaQuality of Life Questionnaire;
ASES, Asthma Self-Efficacy Scale; BMQ, Beliefs aboutMedications Questionnaire; t0, at
baseline; t1, at 1-year follow-up.
aMean (SEM) imputed scores at t1: ACT 18.47 (0.26), BMQ 5.05 (0.30), ASES 2.18
(0.04), and AQLQ 5.33 (0.07).
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indirectly modifiable risk factors for poor asthma control, such as
old age and lower SES, and directly modifiable risk factors, such as
allergy triggers, low adherence, comorbidities, absence of specialty
care, and various aspects of asthma self-management education.
However, Schatz did not mention self-efficacy directly, likely
because few studies in asthma have directly included self-efficacy
in predictive models. The present study also identified SES, age,
comorbidities, and self-efficacy, which is an important aspect of
self-management, as important predictors of asthma control.

The positive influence of self-efficacy on patient behaviors has
been recognized to play an important role in improving health
outcomes for patients with asthma.20 Self-efficacy and the level of
perceived asthma control, 2 potentially modifiable characteristics,
will likely influence self-management and can decrease excess use
of reliever medications or urgent care. Enhancing self-efficacy,
associated with asthma control early on, can help optimize health
behavior in the care management process. The influence of self-
efficacy on asthma control can occur much sooner than its influ-
ence on health-related quality of life (HRQL). Although self-efficacy
has been evaluated as a predictor of HRQL in asthma,48 little is
known about its influence on controlling asthma exacerbations. To
the best of the authors’ knowledge, the present study is the first
study to explore self-efficacy (ASES) as a predictor of asthma con-
trol. The present results indicate that there is little to gain by
incorporating measures of self-efficacy or BMQ with the PROs
Table 5
Generalized estimating equation parameter estimates for the complete case analysis
for the 286 patients with all patient-reported outcomes at baseline and follow-up
evaluations

Parameter Estimate 95% Confidence limits Pr > jZj

Intercept �0.63 �1.59 0.33 .2003
Female sex �0.26 �0.76 0.23 .2959
Age (18e39 y) �0.31 �1.09 0.47 .4332
Age (40e59 y) 0.37 �0.10 0.85 .1230
SES (high) �1.45 �2.78 �0.13 .0316
SES (low) 0.56 0.04 1.08 .0338
Smoker (no) �0.75 �1.35 �0.16 .0129
Cardiac-related condition (no) 0.08 �0.51 0.68 .7771
Neurotic disorder (no) �0.005 �0.62 0.61 .9862
ACT �0.05 �0.11 0.01 .1203
MAQLQ �0.25 �0.47 �0.04 .0208
BMQ 0.02 �0.02 0.05 .3913
ASES 0.11 �0.10 0.32 .3018
ACT � ASES �0.004 �0.05 0.05 .8601

Abbreviations: ACT, Asthma Control Test; ASES, Asthma Self-Efficacy Scale; BMQ,
Beliefs about Medications Questionnaire; MAQLQ, Mini-Asthma Quality of Life
Questionnaire; SES, socioeconomic status.
obtained from the ACT and MAQLQ in predicting asthma control
and the risk of asthma exacerbations. However, the present study
population included individuals receiving asthma management in
primary care and 70% were women. Different results might be
found in future studies that explore the impact of self-efficacy,
HRQL, and beliefs about medication in individuals with more
frequent and severe exacerbations, where confidence in managing
one’s asthma could play a more important role in optimal asthma
control.

There was no optimal cutoff point of the predicted probabilities
with simultaneous high sensitivity and high specificity for moni-
toring a patient’s risk of exacerbations, but rather a continuum of
risk at different values of predicted probabilities. The optimal cutoff
point corresponds to a combination of maximum gain in model
sensitivity with minimum decrease in its specificity. Therefore, to
use this predictive model for classifying patients at high risk of
future exacerbation, the cutoff value would have to be decided by
primary care physicians based on the acceptable sensitivity and
specificity values for a specific scenario. This study is a step toward
understanding which characteristics are the strongest drivers of
poor asthma control as exemplified by the need for emergency
hospital care and excess use of reliever medications.

The present results also support the combined use of PROs, such
as self-perceived asthma control as measured by the ACT and HRQL
as measured by the MAQLQ, with other clinical and sociodemo-
graphic variables obtained from administrative data (for this study,
the RAMQ) for predicting future risk of asthma exacerbations.
Other studies have supported a similar integrated approach, but
none have included a combination of PROs, such as the ACT,
MAQLQ, BMQ and ASES, as key predictors.49 Including patient re-
ports on behavioral outcomes such as the ACT and MAQLQ are
particularly important because thesemodifiable factors can be used
to develop appropriate preventive measures to decrease asthma
exacerbations and tailor interventions to individual needs.
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Furthermore, FABA overuse vs ED visits was used to indicate control
status based on a previously validated algorithm.10 It will be
interesting to see if the present conclusions would be different if
the 2 outcomes (FABA overuse vs ED visit) were separated. Future
work involving secondary analysis of the data will examine this
possibility.

Limitations and Future Research

Many individuals being followed by a primary care physician
do not believe they have asthma. Twelve percent of those called
refused because they did not remember they had asthma,
sometimes believing that asthma is “gone” once the symptoms
have resolved. Another limitation of the present sample onwhich
the predictive model is based is the considerably large percentage
of women (70%) who were smokers; this could be the reason the
effect of sex on asthma exacerbations was not statistically sig-
nificant for the present data. Also, although a patient’s MAQLQ
score in complete case analysis and ACT score in multiple impu-
tation analysis were statistically significant, the effect size was
small. Furthermore, although the MAQLQ score was not signifi-
cant when missing data were imputed, the model with imputed
data identified age and cardiac-related comorbidities as signifi-
cant predictors, which could suggest that the information con-
tained in the incomplete records was relevant in the prediction of
long-term asthma control. Non-completion of questionnaires
might be associated with lower self-efficacy and will need to be
examined in future work. The authors plan to validate this model
further across different populations in future studies to make it
clinically relevant.

Conclusions

The present data highlight the risk factors associated with a
patient’s risk of poor asthma control. These findings suggest
opportunities to decrease the burden on health care by tailoring
interventions based on PROs, such as self-perceived asthma
control as measured by the ACT and a patient’s perception of
HRQL as measured by the MAQLQ, which could help in identi-
fying patients at higher risk of having asthma exacerbations.
Once clinicians can precisely identify patients with characteris-
tics that place them at higher risk, care teams can intervene to
lower the risk of overusing reliever medications and visiting
hospital EDs. Further estimation of the predictive value of self-
efficacy for identifying future risk of asthma exacerbations is
needed to evaluate the usefulness of using this outcome to plan
treatment interventions.

Supplementary Data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2015.03.026.
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eTable 1
Comparison of characteristics of respondents vs nonrespondents

Variable Respondents
(n ¼ 566), n (%)

Nonrespondents
(n ¼ 871), n (%)

P values for test of
difference between groups

Sex <.001
Men 168 (30) 599 (69)
Women 398 (70) 272 (31)

Age group (y) .42
18e39 65 (11.5) 105 (12)
40e59 181 (32) 250 (29)
�60 320 (56.5) 516 (59)

SES .94
Low 140 (25) 222 (25)
Middle 387 (68) 591 (68)
High 39 (7) 58 (7)

ED visits (previous year) .25
0 356 (63) 538 (62)
1 98 (17) 132 (15)
�2 112 (20) 201 (23)

ED visits for respiratory problems (previous year) .13
0 515 (91) 763 (88)
1 35 (6) 71 (8)
�2 16 (3) 37 (4)

Number of days in hospital (previous year) .04
0 454 (80) 689 (79)
1 45 (8) 48 (6)
�2 67 (12) 134 (15)

Overuse of FABA
Previous year 102 (18) 149 (17) .71
After 1 y 99 (17.5) 138 (16) .45

Control status (out of control)
Previous year 142 (25) 225 (26) .80
After 1 y 141 (25) 209 (24) .74

Comorbidity indicators
Cardiac-related conditions 83 (15) 146 (17) .32
Neurotic disorder 79 (14) 140 (16) .31
Smoked regularly in previous year 68 (12) 4 (1) <.001

Abbreviations: ED, emergency department; FABA, fast-acting b-agonist; SES, socioeconomic status.
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