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Severity, control, and responsiveness in asthma

Stuart W. Stoloff, MD,? and Homer A. Boushey, MDP Reno, Nev, and San Francisco, Calif

Guidelines for asthma management have proposed that initial
treatment should be based on assessment of asthma severity.
The treatments proposed for different degrees of asthma
severity are essentially estimates of the intensity of treatment
needed to achieve asthma control. Responsiveness to treatment
is heterogeneous, however, even among asthmatic patients with
asthma of similar severity. This heterogeneity calls attention
to the importance of assessing asthma control and adjusting
treatment accordingly. Application of a guidelines-based
approach to asthma management thus requires general
agreement on what is meant by severity, control, and
responsiveness and requires further an awareness of asthma as
causing symptoms and functional impairment in the present
and also as causing risk of adverse events in the future.

(J Allergy Clin Immunol 2006;117:544-8.)
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TERMS AND DEFINITIONS

The severity of a disease is usually considered a function
of the inherent intensity of the disease process. The term
control is used to describe the degree to which the signs,
symptoms, and laboratory abnormalities of a disease are
minimized by therapeutic intervention. The responsiveness
of a disease refers to the degree to which it shows a positive
or favorable reaction to an intervention. Responsiveness
thus refers to the ease with which adequate control is
achieved by therapy. In general, the more severe the dis-
ease, the less responsive it is to treatment. Some have
even proposed that asthma severity can be defined by the
minimal amount of medication required to achieve con-
trol.'® All of these features of a disease—its severity, its
control, and its responsiveness to treatment—are more

From “the University of Nevada, School of Medicine, Reno, and the Univer-
sity of California, San Francisco.

Disclosure of potential conflict of interest: S. Stoloff has consultant arrange-
ments with GlaxoSmithKline, AstraZeneca, Pfizer, Aventis, Altana,
Schering-Plough, Novartis, Genentech, and Alcon and is on the speakers’
bureau for GlaxoSmithKline, AstraZeneca, Pfizer, Aventis, Altana,
Schering-Plough, Novartis, Genentech, and Alcon. H. Boushey has consul-
tant arrangements with Altana, Sumitomo, and GlaxoSmithKline and has
received grants from GlaxoSmithKline.

Received for publication October 3, 2005; revised January 4, 2006; accepted
for publication January 6, 2006.

Reprint requests: Homer A. Boushey, MD, Box 0130, 1292-M, University of
California San Francisco, 505 Parnassus Ave, San Francisco, CA 94143.
E-mail: homer.boushey@ucsf.edu.

0091-6749/$32.00

© 2006 American Academy of Allergy, Asthma and Immunology

doi:10.1016/j.jaci.2006.01.005

544

easily assessed when the disease’s effect is only to interfere
with current comfort or function because these can usually
be appraised through direct focused questions. When the
disease does not impair current comfort or function but pre-
sents a risk of future morbidity or death, assessment of se-
verity, control, and responsiveness is more difficult. They
must be assessed through some measure, preferably quan-
titative, in which deviation from normal has been shown
through clinical studies to be related to the risk of adverse
events in the future. When a disease causes discomfort
and impairment in the present and also increases the risk
of morbidity or death in the future, as asthma does, it
cannot be assumed that a treatment that reduces current dis-
comfort-impairment necessarily reduces risks in the future.

DIMENSIONS OF CONTROL
Current impairment-discomfort

An example of a disorder in which the most important
effect is discomfort-impairment in the present is pain,
which can be equally severe whether from a progressive
disorder likely to result in death (eg, bone metastases
from lung or breast cancer) or from a disorder in which its
importance is often limited to the pain itself (eg,
trigeminal neuralgia). In assessing the severity of pain,
definitive information is ultimately reported by the patient
to the provider. The answer to the question, ““Is my pain
severe?,” is, in the end, ““You tell me.”” We do not leave it
at that, of course, because patients have different thresh-
olds for reporting pain, and we have learned to ask
questions as prompts, such as whether pain is causing
weeping or interferes with the ability to concentrate or
sleep.* The assessment of pain control is identical. The
same questions are asked to determine whether pain has
responded to treatment, and treatment is adjusted until
the pain is tolerable or absent.

Assessment of the current symptoms and functional
impairment caused by asthma is analogous, in that the final
authority is the patient. Again, this does not mean that
patients should be counted on to spontaneously volunteer
the information. Random-dialing telephone surveys of
asthmatic patients around the world have consistently
shown that when asked specifically about daytime and
nighttime symptoms, inability to exercise or pursue sports,
and loss of time from work or school, asthma is causing
important suffering and impairment, even in patients who
rate the overall control of their disease as satisfactory and
their treatment as the best that can be provided.” That this
could be determined by simply asking asthmatic patients
focused questions in a brief telephone interview not only
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means that the information is obtainable but also that the
providers caring for them might not know which questions
to ask or do not have the time to ask them. Simple and eas-
ily administered questionnaires have now been developed
and validated to enable rapid assessment of current asthma
control, including the Asthma Control Test,’ the Asthma
Control Questionnaire,® the Asthma Therapy Evaluation
Questionnaire control index,’ and others. Along these
lines, spirometry might be thought of as a prompt.
Asthma specialists commonly report finding a severely re-
duced FEV in some patients who report few or no symp-
toms. After a trial of treatment, some of these patients
return to report dramatic improvement in symptoms and
functional capacity, acknowledging their previous impair-
ment only in retrospect. These patients might say they sim-
ply had not known how impaired they were. Others say
they had mistakenly attributed their symptoms and limita-
tions to aging, obesity, or lack of fitness, which they did
not regard as conditions worth reporting to a physician.

Future risk

An example of a disease that causes few or no symp-
toms in the present but is known to present a risk of mor-
bidity or death in the future is hypertension. Hypertension
is usually asymptomatic when detected but is associated
with a heightened risk of stroke and congestive heart
failure in the future.'® Assessment of the severity of this
disorder is reported by the provider to the patient. The
question, “Is my hypertension severe?,” requires an an-
swer based on knowledge of the risks of adverse outcomes
associated with different degrees of blood pressure in-
crease. For hypertension, the objective markers of severity
and control have been well validated.!' Not only have
increases of systolic and diastolic blood pressure been
shown to be related to the risk of stroke and heart failure,
but treatment-induced reductions in blood pressure (ie,
control) have been shown to reduce those risks.'? For
asthma, unfortunately, we know of no single marker of
disease that allows a direct estimate of the risk of future
morbidity and of responsiveness to treatment. Further
reflection on hypertension also points out the distinction
between treatments that reduce symptoms and those that
reduce the risks of future morbidity or death. For a patient
with hypertensive headache, an analgesic might relieve
headache but will do nothing to alter the risk of future
stroke. This points out an important feature of responsive-
ness. A good response in one domain (eg, current symp-
toms) does not necessarily imply a good response in
another (eg, future risk). The facts of inhaled B-agonist
treatment illustrate this for asthma. No treatment is more
effective for acute relief of symptoms, but frequent use
of a B-agonist is associated with a heightened risk of
severe asthmatic attacks in the future.'>'*

VARIATION OVER TIME

The challenge to the assessment and monitoring of
asthma derives from asthma causing both discomfort-
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impairment in the present and an increase in risk of
morbidity-death in the future. It is helpful to recognize
the distinction between these 2 domains explicitly. It is
additionally necessary to recognize that the severity of
asthma is not fixed. The symptoms and airway inflamma-
tion of asthma vary over time, ° so that control needs to be
assessed on an ongoing basis. The purpose of the initial
assessment of asthma severity is to estimate the intensity
of treatment likely to be needed to improve symptoms
and function and to reduce risk (ie, to obtain control). The
purpose of monitoring thereafter is to determine whether
the treatment is indeed sufficient or whether additional
therapy is necessary to achieve or maintain control."®

Variations over time in asthma symptoms, sleep inter-
ruption, and functional impairment limit the value of
most asthma control questionnaires because they generally
focus on the previous 4 weeks or so as the period of most
accurate recall. It has been shown that assessment of short-
term symptom burden underestimates the long-term func-
tional burden of asthma, and therefore questions should
also be asked about the overall or global effect of the
disease.’ Perhaps the long-term functional effect of
the disease would be best captured by serial application
of a standard questionnaire over time.

Assessing the risk of future impairment is more diffi-
cult, especially when the different forms of risk are
considered. The most obvious and probably most impor-
tant future impairment is from asthma exacerbations.
These account for asthma death and for distress, loss of
time at work or school, and much of the cost of asthma
care.'” Another future risk of asthma that is attracting in-
creasing attention is progressive loss of pulmonary func-
tion. The existence of this risk has been established by
the findings that severe and irreversible airflow obstruc-
tion is often found in lifetime nonsmokers whose only
identifiable risk factor is asthma,'® that asthmatic non-
smokers have an accelerated rate of loss of pulmonary
function,'® and that bronchial biopsy specimens from
asthmatic patients show remodeling of all the tissue ele-
ments of the airway wall.?° The final future risk to be con-
sidered here is progression of asthma severity, requiring
more potent, intensive, expensive, or toxic therapies to
obtain or maintain control.

Of these future risks, the one we are currently best able
to assess is that of asthma exacerbations. The strongest
predictor of this risk is probably the history of previous
exacerbations requiring emergency department or hospital
care, especially in the past year.”!'?® Severe symptoms,
nocturnal awakenings, and frequent use of rescue therapy,
which would all be captured in assessment of asthma
severity-control in the present, also indicate an increase in
the risk of exacerbations in the future.”* This is not true,
however, for all patients. Some with few symptoms for
long periods are prone to sudden and severe attacks,? 2’
and some treatments, like monotherapy with a long-acting
inhaled -agonist, control current symptoms but do not
reduce the risk of exacerbations.”® This accounts for
the interest in identifying possible markers of risk of
exacerbations and is an additional reason for performing
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spirometry. Reductions in FEV| have been shown to be
related to the risk of exacerbations over the following
year.>*° Measurement of nonspecific bronchial reactivity,
as to methacholine or adenosine, has also been proposed
as a way of estimating the risk of exacerbations provoked
by irritants and other triggers encountered in the environ-
ment.* One study has indeed shown that adjustment of
corticosteroid therapy to reduce bronchial reactivity was
more effective than standard, guidelines-based therapy
in reducing the rate of exacerbations.’

Measuring some marker of airway inflammation is an
appealing approach to assessing future risk.**** Lympho-
cytic and eosinophilic inflammation is regarded as fun-
damental to asthma’s pathogenesis, and the intensity of
inflammation is thought be at least a partial determinant of
asthma severity.35 This accounts for the interest in nonin-
vasive markers of inflammation, such as eosinophil num-
bers in induced sputum®® and the fractional concentration
of nitric oxide in exhaled air.*” It is certainly true that reg-
ular use of an inhaled corticosteroid, an anti-inflammatory
treatment, reduces the rate of exacerbations in patients with
moderate or severe asthma.® It is also true that in compar-
ison with treatment based on the then-current guidelines,
adjusting the dose of inhaled corticosteroid based on num-
bers of sputum eosinophils39 or on levels of exhaled nitric
oxide*” can reduce the frequency of exacerbations or the
dose of inhaled corticosteroid required. But the evidence
that inhaled corticosteroid treatment also prevents pro-
gressive loss of pulmonary function is equivocal. A 5-year
study of asthmatic children found regular treatment with
inhaled budesonide to be significantly better than placebo
in preventing exacerbations but no different in its effects
on postbronchodilator FEV.*' Finally, no prospective
study has yet shown that early treatment with an inhaled
corticosteroid or any other controller medication prevents
the progression of asthma to a more severe form.

RESPONSIVENESS

These considerations of the dimensions of asthma
severity and control bring us to discussion of what is
meant by responsiveness. As stated above, responsiveness
refers to the ease with which control is achieved with a
therapeutic intervention, but it is clear that severity and
control need to be considered in both the domains of cur-
rent symptomatic impairment and of future risk. It is also
clear that responsiveness in one domain does not neces-
sarily imply responsiveness in the other.*> As noted pre-
viously, substitution of a long-acting (3-agonist for an
inhaled corticosteroid maintains control of symptoms
and function but does not maintain the reduction in risk
of exacerbations.*®

COMPOSITE MEASURE OF ASSESSMENT

Because asthma severity and control must be assessed in
the domains of current symptoms—impairment and future
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risk, and because the elements of severity and control
within the 2 domains do not correlate perfectly with each
other, a composite measure seems necessary.>”>"*> The ap-
proach to assessment and monitoring has thus evolved to
assess the different components discretely. Questionnaires
include specific questions about daytime symptoms,
nocturnal awakenings, exercise tolerance, time lost from
work or school, and health care use. The markers assessed
include measures of airflow obstruction (peak flow, FEV;,
and the average rate of exhalation of the middle 50% of
forced vital capacity),””***> of bronchial reactivity (as to
methacholine, exercise, adenosine, or mannitol),46 and of
systemic or bronchial inflammation (blood or sputum
eosinophil numbers or fractional concentration of nitric
oxide in exhaled air).*****" These tools for assessing
asthma severity and control are promising, but the ele-
ments necessary for the composite measure to be precise,
efficient, comprehensive, and easily applied are not yet
completely defined. Once a composite measure is devel-
oped, its application after initiating or changing therapy
will permit easy and complete assessment of responsive-
ness to treatment.

BENEFITS OF ACHIEVING CONTROL

The value of the repeated application of a simple tool
for assessing asthma control was illustrated by a large
international study of whether guideline-defined asthma
control could be achieved.*® Asthma control was defined
in terms of the goals of therapy, as listed in the 1997
National Asthma Education and Prevention Program
Guidelines* and the 1998 Global Initiative for Asthma
guidelines.50 Total control was defined by the absence
of symptoms, nocturnal awakenings, and need for rescue
medications; by a peak flow of greater than 80% of
predicted value; and by the absence of exacerbations,
emergency department visits, and adverse events for 7 of
8 consecutive weeks. All patients had uncontrolled asthma
on study entry. They were treated with a low dose of an in-
haled corticosteroid with or without a long-acting (3-ago-
nist and were reassessed every 12 weeks. If total control
was not achieved, the dose of inhaled corticosteroid was
increased stepwise to the maximum approved dose. By
the end of the year, total control (ie, the absence of any
sign or symptom of asthma) was achieved in 30% of the
patients. A slightly lower but still high standard of control
(““‘well-controlled”” asthma) was achieved in 60%. An im-
portant finding of this study is that by aiming at achieving
total asthma control and by adjusting therapy to achieve it,
marked reductions in the rate of severe exacerbations and
marked improvements in quality of life were achieved.

SUMMARY

For the goals of asthma management to be achieved, it
is not enough to assess asthma severity at a single point in
time. The initial assessment of severity simply provides
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an estimate of the treatment likely to be needed to achieve
the goals of therapy, which are to minimize both current
discomfort and the risk of future impairment. Determining
whether these goals are achieved (ie, whether the disease
has responded to the treatment) requires assessment of
asthma control. This requires assessment both of current
symptoms and functional impairment and of future risk.
Simple methods for assessing current discomfort and
impairment are available. Less well-validated methods
for assessing future risk are also available, and others
are under development. Whatever methods are used for
assessing control, they need to be applied repeatedly
because both the inherent intensity of asthma and the
presence of external factors that aggravate asthma might
vary.*? Significant fluctuations in asthma control occur
even in patients with previously well-controlled asthma.”!
Full assessment of responsiveness to therapy thus requires
repeated assessment of asthma control over time.
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