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Purpose of review

Predictors of asthma control: what can we modify?

One strategy to improve asthma control is to identify risk factors for uncontrolled asthma in epidemiologic
studies and then consider those risk factors as potential targets for intervention. This article reviews
predictors of impairment based on validated tools and predictors of severe asthma exacerbations.

Recent findings

Indirectly modifiable risk factors for poor asthma control include older age in adults, lower socioeconomic
status, and poor perception of dyspnea. Modifiable risk factors for poor asthma control include allergy
triggers, low adherence, comorbidities, absence of specialty care, and various aspects of asthma

sel-management education.

Summary

Intervention strategies are suggested for predictors that are directly or indirectly modifiable. It is hoped that
attention to these factors will improve asthma control and reduce the burden of disease.
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In spite of advances in the field, most population
surveys show that asthma remains inadequately
controlled in 40% or more of patients [1,2,3%,4"].
One strategy to improve asthma control is to
identify risk factors for uncontrolled asthma in
epidemiologic studies and then consider those
risk factors as potential targets for intervention.
Ideally, the efficacy and effectiveness of those inter-
ventions would be confirmed in randomized
controlled trials.

Asthma control has been defined to encompass
two domains: impairment and risk. Impairment is
the frequency and intensity of symptoms and func-
tional limitations the patient is experiencing cur-
rently or has recently experienced [5]. Risk includes
the risk of future adverse events, especially asthma
exacerbations [5]. Studies addressing predictors of
asthma control have generally evaluated either
impairment or exacerbations, but not both.

The literature addressing asthma impairment
has used various definitions of asthma control.
Many of the studies have used validated asthma
control tools to assess impairment. This review is
limited to studies that have used validated tools to
assess asthma impairment as those tools provide a
standardized approach to measure impairment in
epidemiologic studies.
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As this review focuses on studies that use asthma
control tools to define impairment, it is useful to
review the characteristics of these tools. Asthma
control tools have been defined as single question-
naires (with or without physiologic measures)
designed to measure the multidimensional con-
struct of asthma control, which comprises more
than just asthma symptoms and frequency of rescue
therapy use [6]. Validation information for at least
17 different asthma control score instruments have
been published, with the Asthma Control Test
(ACT) and Asthma Control Questionnaire (ACQ)
being the most extensively used and validated [6].
The content of all of the validated asthma control
score instruments is similar and includes symptom
frequency, rescue therapy use, nocturnal symptoms
or interference with sleep, and activity limitation

[6].
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Outcome measures

KEY POINTS

e Predictors of asthma impairment and risk include
nonmodifiable demographic factors and
asthma severity.

¢ Modifiable predictors of asthma impairment include
smoking, obesity, low adherence, comorbidities
(rhinitis, sinusitis, reflux, anxiety—depression), and
absence of specialty care.

o Additional modifiable predictors of asthma risk include
allergy triggers, absence of an action plan, lack of self-
management education, incorrect inhaler technique,
and environmental tobacco smoke exposure.

o Addressing these modifiable risk factors should improve
asthma control.

Exacerbations have been defined in the most
recent national guidelines as episodes of increased
asthma requiring systemic corticosteroids [5]. How-
ever, the most common outcomes in population
studies addressing risk factors for exacerbations have
been asthma emergency department (ED) visits or
hospitalizations, which generally represent more
severe exacerbations that can be more consistently
and specifically identified in population studies.
This review is thus limited to studies in which
exacerbations have been defined as ED visits or
hospitalizations for asthma.

Although asthma impairment and asthma risk
are considered two separate domains of asthma
control, there are data suggesting they are related
to each other. For example, we have recently studied
this relationship in 2680 Southern California Kaiser
Permanente patients [7]. These patients completed
a questionnaire by mail in the fall of 2007 that
included the ACT and a history of exacerbations
in the prior year. Relationships were assessed
between subsequent exacerbations during 2008,
captured using administrative data, and baseline
ACT and exacerbation history. Both the ACT and

prior exacerbations were related to subsequent
exacerbations in bivariate analyses and were inde-
pendently related in multivariable analyses consid-
ering both predictors (Table 1). Because current
impairment is related to future risk, we have ident-
ified risk factors for poorly controlled asthma in this
review as those related to either impairment, risk,
or both.

Two representative studies have evaluated predic-
tors of asthma impairment. We studied 570 adults
aged 35 and older form Colorado Kaiser Permanente
who completed a mailed questionnaire containing
the ACT to define uncontrolled asthma (score < 20)
and various self-reported potential risk factors
(Table 2) [8]. Of the demographic risk factors
assessed, lower education and lower income, but
not age, sex, or race/ethnicity, were related to the
likelihood of uncontrolled asthma. Four comorbid-
ities (smoking, elevated BMI, concomitant diagnosis
of chronic obstructive pulmonary disease (COPD),
and reflux disease) increased the risk of uncon-
trolled asthma. In bivariate analyses, disease severity
as assessed by oral corticosteroids in the past four
weeks or asthma hospitalization in the past year
were related to an increased risk of uncontrolled
asthma based on impairment, but not management
characteristics such as regular inhaled corticosteroid
use, possession of a written action plan, and regular
specialist care. In multivariate analysis (Table 3),
independent predictors of ACT score included (in
order of strength of contribution to the observed
variability) oral corticosteroid requirement in the
prior month, coexistent COPD, lack of regular
specialist care, higher BMI, gastroesophageal reflux
disease, nonwhite race and low income. It is of
interest that regular specialist care did not emerge
as a predictor in unadjusted analysis. This is prob-
ably because specialists manage patients with more
severe asthma and more comorbidities, and the role
of specialist care in improving outcomes could

Table 1. Relationship of impairment, as measured by Asthma Control Test, to subsequent risk (exacerbations)®

2008 Exacerbations

Bivariate: proportion with exacerbations

2007 Predictor Predictor present

Predictor absent

Multivariable: OR (95% Cl) for exacerbations

31.4%™
33.7%"

ACT<16

Prior exacerbation

20.0%
14.6%

1.3 (1.1-1.5)
2.2 (1.9-2.5)

ACT, Asthma control test; Cl, confidence interval; OR, Odds ratio.
“Data from Schatz et al. [7].
**P<0.0001.
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Table 2. Predictors of impairment (Asthma Control Test less than 20) in US study: bivariate analyses®

Predictor category

Significant relationship (P value)

No significant relationship

Education (P=0.0002)
Income (P=0.0002)

Demographic characteristics

Comorbidities Smoking (P=0.003)
BMI (P<0.0001)
COPD (P<0.0001)
Reflux (P=0.0006)

Severity

Age

Sex

Race/ethnicity
Allergy/sinus disease

Oral corticosteroids in past 4 weeks (P< 0.0001) -

Hospitalization past year (P=0.0009)

Management characteristics -

Regular inhaled corticosteroids
Written action plan

Regular asthma specialist care

COPD, chronic obstructive pulmonary disease.
“Data from Schatz et al. [8].

only be identified when adjusting for these factors
(Table 3).

The other study [9] that identified a number of
predictors of asthma impairment was a larger Euro-
pean internet-based survey study of 2337 adults
aged 18 and older from France, Germany, Italy
and the United Kingdom. The survey included the
ACT, validated adherence questions (Moriskey
Medication Adherence Scale), and various other
self-reported predictors. Demographic character-
istics associated with asthma impairment based
on ACT included older age and less education (Table
4). Comorbidities that increased the risk of uncon-
trolled asthma were obesity and smoking, as in the
United States study described above, as well as
depression. Various markers of asthma severity

Table 3. Predictors of impairment (Asthma Control
Test score) in US study: significant predictors in
multivariable analyses®

Variable Partial R squclreb P value
Oral steroid 0.10 <0.0001
COPD 0.05 <0.0001
No specialist care 0.02 0.006
Higher BMI 0.02 0.01
Reflux disease 0.01 0.02
Nonwhite race 0.01 0.04
Low income 0.01 0.04

COPD, chronic obstructive pulmonary disease.

°Data from Schatz et al. [8]. All predictors in Table 2 offered as candidate
predictors in step-wise linear regression.

®Higher number indicates more contribution to prediction.
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and increased utilization increased the risk, as did
reduced self-reported medication adherence.
Duration of asthma did not increase the risk of
uncontrolled asthma in this study.

Besides predictors identified in these two studies,
other predictors of asthma impairment demon-
strated in other studies include female sex, coexistent
rhinitis or sinusitis, low vitamin D levels, and limited
language proficiency. All identified predictors of
asthma impairment are listed in Table 5 (10-62).

A number of predictors of exacerbations are similar
to those identified for impairment, such as older
age, female sex, lower socioeconomic status (SES)
(education and income), minorities, limited
language proficiency, increased disease severity,
low adherence, smoking, obesity, rhinitis, sinusitis,
reflux, anxiety—depression, and absence of specialty
care (Table 5). In addition, certain risk factors
unique to exacerbations have been identified, such
as low perception of dyspnea, pregnancy, diabetes,
allergy sensitization or triggers, absence of an action
plan, incorrect use of inhalers, lack of self-manage-
ment education, and environmental tobacco smoke
exposure (Table 5).

Some of the risk factors identified cannot be modi-
fied, such as certain demographic characteristics,
disease severity (including prior exacerbations),
and some comorbidities (diabetes, pregnancy)
(Table 5). In this case, only increased surveillance
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Table 4. Predictors of impairment (ACT < 20) in European study®

Predictor category

Significant relationship (P value)

No significant relationship

Demographic characteristics

Comorbidities

Severity and utilization

Other

Older age (P<0.001)
Less education (P<0.001)
Smoking (P=0.003)
Obesity (P<0.0001)
Depression (P<0.001)

Sex

Marital status

Higher asthma severity classification (P<0.001) -

Number of provider visits past 6 months (p, 0.001)

ED visits past 6 months (P<0.001)
Reduced adherence (P=0.015)

Duration of asthma

ED, emergency department.
“Data from Demoly et al. [9].

Table 5. Summary of predictors of asthma impairment or risk identified in the literature

References for predictors

Impairment Risk (ED visits or
Predictor (validated tools) hospitalizations) Comment
Not modifiable Increased surveillance
Women [10-15] [16]
Minorities [17-19] [16,20]
Increased disease severity [10,19,21-23] [16,20,24-28]
Prior exacerbations [8,9] [16,20,26,29-34]
Diabetes - [35]
Pregnancy - [35]
Indirectly modifiable
Older age (adults) [15,23,3¢] [37,38] Consider cognitive or physical
impairment in management
Lower socioeconomic status [18,19,21,23,39-41] [16,20,33] Environmental or educational
intervention
Low perception of dyspnea - [16] Home PEFR monitoring
Modifiable
Smoking [17,19,21,23,39,42-44] [16,44,45]
Obesity [10,15,19,23,46,47] [16,35,48,49]
Allergy sensitivity/trigger - [16,31]
Low adherence [24,39] [50,51]
Rhinitis [14,52,53] [16,28,54]
Sinusitis [18] [38]
Reflux [18,19,55] [16,35]
Anxiety/depression [15,23,56-58] [16,35]
Low vitamin D [59] -
Limited language proficiency [60] [60]
Absence of specialty care [19,61] [16]
Absence of action plan - [16,33]
Incorrect use of inhaler - [16]
Lack of self-management education - [16,32]
Environmental tobacco smoke exposure - [16,62]

PEFR, peak expiratory flow rate.
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and optimal use of standard therapy can be recom-
mended to improve asthma control.

Other risk factors are not directly modifiable,
but may be indirectly modifiable in that character-
istics potentially associated with the risk factor may
be addressed in spite of not being able to influence
the risk factor itself. For example, management that
takes into account cognitive or physical disabilities
(e.g. choices of educational techniques, monitoring
regimen, or inhaler devices) may reduce asthma
impairment and risk in older individuals. Edu-
cational or environmental interventions may
increase the likelihood of achieving control in lower
SES patients. Home peak flow monitoring may
reduce the risk of exacerbations in patients with
low perception of dyspnea.

The remaining risk factors appear to be at least
potentially modifiable. It should be recognized,
though, that these predictors were identified in
observational studies and that these types of associ-
ations do not prove cause and effect relationships.
Some of the recommended interventions have been
shown to be effective in randomized controlled
trials. However, most of the other identified mod-
ifiable risk factors still seem to be worth addressing,
pending confirmation of their efficacy or effective-
ness in randomized controlled trials.

Interventions suggested by the modifiable risk
factors identified in this review can be summarized
in various categories (Table 6). Of course, regular
visits and assessment of control (both impairment

Table 6. Interventions to improve asthma control
based on risk factor identification

Category Intervention

Surveillance and Follow-up visits with assessment of control

education
Home peak flow monitoring if indicated
Self-management education
Action plan

Pharmacologic Optimal controller therapy

management
Consider physical or cognitive impairment
Optimize inhaler technique

Adherence assessment and improvement
if needed
Address smoking, obesity, rhinitis, sinusitis,
reflux, anxiety/depression

Comorbidities

Other

Address allergy triggers (environmental
control, immunotherapy)

Reduce environmental tobacco smoke
exposure

Specialty care
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and risk) are necessary to determine that control is
being achieved and maintained. Self-management
education and a written action plan should improve
asthma control. Optimal controller therapy is an
important aspect of achieving asthma control,
including assuring optimal inhaler technique,
adherence assessment, and improvement of adher-
encev, if needed. Effective management of a number
of comorbidities has been shown to or should
reduce asthma impairment and risk. Addressing
allergy triggers by environmental control and/or
immunotherapy and specialty care have been
shown to improve asthma control. Reducing
environmental tobacco smoke exposure appears to
be worth doing, although efficacy data from
randomized controlled trials are lacking. Further
studies will be necessary to show that normalizing
vitamin D levels improve asthma control.

In summary, a number of predictors of uncontrolled
asthma (impairment and/or risk domains) have
been identified in epidemiologic studies. Most of
these predictors are potentially indirectly or directly
modifiable. Attention to these factors should
improve asthma control and reduce the burden of
disease.
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