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The National Asthma Education and Prevention Program guide-
lines define asthma severity before treatment by lung function
and symptoms. It has been assumed, but not demonstrated, that
improvement in these measures would translate into improve-
ment in health-related quality of life (HRQL). Because HRQL is an
important outcome in asthma management, we asked what are
the determinants of HRQL? To address this question, we retro-
spectively analyzed HRQL data, as measured by the Juniper Asthma
Quality of Life Questionnaire, in subjects with mild versus moder-
ate-severe asthma from two clinical trials. We examined whether
these traditional clinical outcomes have different relationships to
HRQL depending on asthma severity. We also assessed whether
the relationship between clinical outcomes and HRQL in subjects
with moderate-severe asthma would change when subjects im-
proved to mild-moderate disease with controller medication treat-
ment. Lung function was not an independent predictor or deter-
minant of HRQL at any level of asthma severity, whereas intensity
of shortness of breath predicted HRQL at all levels of asthma se-
verity. Rescue 

 

b

 

-agonist use independently predicted HRQL in
subjects with mild asthma, but not in those with moderate-severe
asthma. In subjects with moderate-severe asthma who improved
to mild-moderate disease with controller treatment, rescue 

 

b

 

-ago-
nist use predicted HRQL. We conclude that the independent de-
terminants of HRQL vary according to asthma severity and change
with asthma treatment.

 

One of the primary goals in the treatment of obstructive lung
disease is to improve the health-related quality of life
(HRQL) of patients. With the advent of valid, reliable, and re-
sponsive questionnaires designed to measure HRQL (1–5), it
has been shown that traditional clinical parameters such as
lung function that focus on airflow obstruction have variable
strengths of association with HRQL even though the primary
pathobiology of the disease condition is airway obstruction. It
has been hypothesized that complex entities such as adverse
effects from medication use, anxiety and depression, and pa-
tient satisfaction with care are captured by HRQL measure-
ments, but not by conventional physiological and clinical out-
comes. These findings have lead to the recommendation that
HRQL should be measured as an independent outcome (1–3).

Nevertheless, outcomes of efficacy and effectiveness in
asthma clinical trials and in clinical practice have focused on
improvement in asthma control, as measured by FEV

 

1

 

 and
peak flow, symptom scores, and requirement for the use of
reliever medication, with little attention to HRQL (6–9). In
fact, the National Asthma Education and Prevention Program

(NAEPP) defines asthma severity before treatment by lung
function and symptoms; it does not include HRQL (10, 11). It
has been assumed, but never demonstrated, that improvement
in these measures of asthma would translate into improve-
ments in HRQL. Because of the importance of improving
HRQL, we asked what are the determinants of HRQL?

We compared HRQL, as assessed by the Juniper Asthma
Quality of Life Questionnaire, in subjects with 

 

mild

 

 asthma
and with 

 

moderate-severe

 

 asthma using clinical guidelines for
asthma severity. We identified which traditional physiological
and clinical parameters were independent determinants of
HRQL in a cross-sectional analysis of entry clinical trial data
from these two cohorts of patients. We examined whether the
determinants of HRQL differed depending on asthma sever-
ity. We also assessed whether the independent predictors of
HRQL in the subjects with moderate-severe asthma changed
as a result of chronic controller treatment when the subjects’
asthma improved to the level of mild-moderate disease.

 

METHODS

 

Patient Selection

 

We retrospectively examined data from two completed and reported
clinical trials, one in patients with mild asthma (Albuterol Study) (12)
and one in patients with moderate-severe asthma (Zileuton Study)
(13). In these studies at baseline, patients completed the Juniper
Asthma Quality of Life Questionnaire (AQLQ) (1) and recorded
symptoms and self-measured peak flows in a diary on a daily basis.
The clinical parameters of interest—peak flow, symptoms, and rescue

 

b

 

-agonist use—were averaged over the 2 wk preceding the assessment
of HRQL in order to coincide with the 2-wk recall period of the
AQLQ. FEV

 

1

 

 and HRQL were assessed at each study visit. All vari-
ables were also assessed at the end of the Zileuton Study after con-
troller therapy.

 

Albuterol Study.

 

 These data were from 253 subjects with mild
asthma who participated in the multicenter study of the National
Heart, Lung, and Blood Institute’s Asthma Clinical Research Net-
work comparing regularly scheduled use of albuterol with as-needed
use of albuterol. Subjects were recruited from five sites across the
United States between 1994 and 1995. The subjects, 12 to 55 yr of age,
had FEV

 

1

 

 

 

>

 

 70% of predicted at enrollment, a PC

 

20

 

 for methacholine
of 

 

<

 

 16 mg/ml, and had not used corticosteroids (inhaled or oral) for
the preceding 6 wk. Subjects could not have smoked in the past year,
and ex-smokers were included only if they had less than a 5 pack-year
smoking history.

 

Zileuton Study.

 

 These data were from 395 adults with moderate-
severe asthma who were enrolled in a multicenter safety and efficacy
study of zileuton in the United States sponsored by Abbott Pharma-
ceuticals. Subjects were enrolled from private practice offices and uni-
versity hospital clinics across the United States between 1994 and
1995. These patients had a FEV

 

1

 

 upon entry of 40 to 80% of their pre-
dicted value. To exclude the possibility of misclassification of emphy-
sema for asthma, evidence of reversibility of airflow obstruction with
a 15% increase in FEV

 

1

 

 after inhaled albuterol was documented. Ex-
clusion criteria included current cigarette smoking or history of greater
than 10 pack-years of smoking, hospitalization for asthma once within
the previous month or more than once within the previous 6 mo, or
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treatment with systemic or inhaled corticosteroids within the 4 wk
prior to enrollment. Confounding by temporal or geographic differ-
ences between the two cohorts is unlikely given that the studies were
done at approximately the same time and included subjects from
across the United States.

The definition of mild or moderate-severe asthma was further re-
fined using clinical criteria similar to the NAEPP guidelines (10). We
defined subjects as having moderate-severe asthma if they satisfied at
least one of the following criteria: FEV

 

1

 

% predicted 

 

,

 

 80%, symptom
intensity score for shortness of breath 

 

.

 

 1 (mild symptoms), or num-
ber of rescue puffs of 

 

b

 

-agonist use more than four a day. On the basis
of this definition, 92 of the 253 subjects in the Albuterol Study had
moderate-severe asthma and were excluded from the analysis, leaving
161 subjects with mild asthma in the analyses. Four of the 395 subjects
in the Zileuton Study had mild asthma and were excluded from the
analysis.

The two trials had been approved by the appropriate institutional
committees on human research, and written informed consent had
been obtained from each patient.

 

Health-related Quality of Life

 

The Juniper AQLQ was used to assess HRQL in both studies. This in-
strument is an asthma-specific questionnaire with 32 items that pro-
vides an Overall Summary Index and assesses four domains of
HRQL—activity limitation, symptoms, emotional function, and envi-
ronmental exposures during the preceding 2 wk (1). The response op-
tions for each of the 32 items are on a 7-point Likert scale, ranging
from 1 (totally limited) to 7 (not at all limited). The AQLQ has been
shown to be sensitive to change in HRQL; a change score of 0.5 points
has been determined to be the minimal important difference (14).

The AQLQ was designed and has been shown to (

 

1

 

) reflect areas
of function that are important to adults with asthma, (

 

2

 

) include both
physical and emotional function, (

 

3

 

) be reproducible when the clinical
state is stable, and (

 

4

 

) be responsive to changes that are important to
the patient even if the changes are small (15). Although it was de-
signed to be an evaluative instrument that would be sensitive to small
within-subject changes over time, with responsiveness to change and
longitudinal construct validity, it has also been shown to be a valid
and reliable discriminative instrument that distinguishes among pa-
tients with asthma in cross-sectional surveys (15).

 

Pulmonary Function Measurements

 

FEV

 

1

 

, FVC, and peak flow were measured in both studies using equip-
ment that met ATS criteria (16). The best of three spirometric mea-
surements, obtained after 

 

b

 

-agonists were withheld for at least 8 h, with
patients in a sitting position, was recorded for evaluation. This record-
ing obtained at the study visit was used in the analyses. Morning (AM
PF) and evening (PM PF) peak flow values were recorded at home ev-
ery 24 h with a Mini-Wright peak-flow meter (Clement Clarke, Colum-
bus, OH). Readings were taken in triplicate and recorded by the pa-
tients in their diaries. The best of three efforts was recorded. An
average of the peak flow readings during the 2 wk preceding the study
visit was used in the analyses.

 

Symptoms and Rescue 

 

b

 

-agonist Use

 

In both studies, symptoms of wheeze, shortness of breath, chest tight-
ness, and cough were recorded once daily with the use of diary cards.
The symptom severity rating scale was defined as follows: 0: absent,
no symptoms; 1: mild, symptom was minimally troublesome (not suffi-
cient to interfere with normal daily activity or sleep); 2: moderate,
symptom was sufficiently troublesome to interfere with normal daily
activity or sleep; 3: severe, symptom was so severe as to prevent nor-
mal activity and/or sleep. Symptom intensity was assessed indepen-
dently since it has been shown that symptom intensity does not corre-
late with the “Symptom” domain of the AQLQ which assesses the
impact of symptoms on HRQL (17, 18). The symptom intensity scores
were averaged during the 2 wk preceding the study visit and used in
the analyses.

Open-label inhaled albuterol sulfate was the only asthma medica-
tion allowed other than the study drug during the trials; subjects were
allowed to use albuterol on an as-needed basis. All patients were in-
structed on the importance of recording each use of albuterol

throughout the study, entering the time of each albuterol use and the
number of puffs per occasion. The number of rescue puffs of 

 

b

 

-agonist
was recorded on a daily basis in the diaries; an average for the 2 wk
preceding the study visit was used in the analyses.

 

Statistical Analysis

 

Analyses were performed on baseline data obtained before random-
ized treatment in both the mild asthma and the moderate-severe
asthma cohorts. We also examined final data from subjects with mod-
erate-severe asthma who had improved their FEV

 

1

 

 at least 5% at the
end of the controller treatment period when compared with their
baseline values. Results from these cross-sectional final data in the mod-
erate-severe asthma study were compared with those from the cohort of
subjects with mild asthma at baseline.

Wilcoxon’s nonparametric rank sum test was used to assess differ-
ences between groups of subjects in the mild asthma study and the
moderate-severe asthma study. Univariate correlations between the
continuous variables and HRQL were assessed by Spearman’s corre-
lation coefficients. Linear regression analyses with multivariate mod-
els were used to assess the independent relationship of each clinical
parameter with HRQL (19). These models adjusted for age and sex
given their potential to modify the relationship between the clinical
variables and HRQL. Only the results from models using the Overall
AQLQ score as the outcome are reported; results from analyses using
each of the four domains of the AQLQ as outcomes are not shown.

All analyses were performed using the SAS statistical software
package (SAS Institute, Cary, NC). Significance was defined as p 

 

<

 

0.05. Model diagnostics showed that morning and evening peak flow
values were collinear. Only morning peak flow was included in the re-
gression models. There were no outliers and influential points, and
linear regression model assumptions were examined and satisfied.

 

RESULTS

 

Of the patients with mild asthma, 58% were women (mean
age, 28 

 

6

 

 9 yr). Mean FEV

 

1

 

 was 3.31 

 

6

 

 0.64 L (96 

 

6

 

 10% of
predicted values) and mean ratings of patient-reported symp-
toms were between 0 (no symptoms) and (minimally trouble-
some symptoms) (Table 1). Of the cohort of subjects with
moderate-severe airflow obstruction, 53% were women (mean
age, 32 

 

6

 

 10 yr). Mean FEV

 

1

 

 was 2.26 

 

6

 

 0.64 L (60 

 

6

 

 12% of
predicted values), and symptom intensity scores ranged from
0.69 for cough to 1.22 for shortness of breath. The average
number of puffs of rescue 

 

b

 

-agonist used per day was more
than eight times higher in the cohort of subjects with moder-
ate-severe asthma (5.83 puffs/d) than in the group of subjects
with mild airway obstruction (0.68 puffs/d) (p 

 

,

 

 0.0001).
Across all domains, HRQL scores were significantly better

in the cohort of subjects with mild asthma than in those with
moderate-severe asthma (Table 1). For the subjects with mild
asthma, mean HRQL scores ranged between 5 (a little limita-
tion) and 4 (some limitation), from 4.94 for the “Activities”
domain to 4.68 for the “Environment” domain. For subjects with
moderate-severe asthma, mean HRQL scores ranged from
4.42 for the “Activities” domain to 3.93 for the “Emotions”
domain. There was no ceiling or floor effect in measuring
HRQL with the AQLQ in the two study populations. The
mean baseline score for each domain of the AQLQ in the
group of patients with moderate-severe asthma in whom
change with treatment was evaluated was 3.93 to 4.42. Plotting
the range of HRQL scores shows a wide distribution across
the entire scoring range from 1 to 7. There was adequate room
to register a change of 0.5, which is the minimal important
clinical difference, after treatment, before reaching the maxi-
mum score of 7 or the minimum score of 1.

The wide range of HRQL Overall scores for a given lung
function in subjects with moderate-severe asthma is shown in
Figure 1. Subjects with % predicted FEV

 

1

 

 between 40 and 60
had HRQL scores ranging from 1.3 to 6.6. Furthermore, it can
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be seen in Figure 1 that HRQL in subjects with mild asthma
correlated better with lung function with less of a spread in the
range of HRQL scores. FEV

 

1

 

% predicted, FVC, and FVC%
predicted were weakly and not significantly correlated with
HRQL in both studies and were not included in the multivari-
ate analyses.

 

Determinants of HRQL in Subjects with Mild Asthma

 

All parameters—FEV

 

1

 

, peak flow, rescue puffs 

 

b

 

-agonist, and
symptoms—were significantly correlated with the Overall
HRQL score in the subjects with mild asthma. The strength of
association between the intensity of shortness of breath and
reliever medication use and HRQL was greater than that be-
tween FEV

 

1

 

 and HRQL (r 

 

5

 

 0.56 and 0.49 versus 0.18) (Table 2).
In the subjects with mild asthma, after adjusting for age, sex,
and clinical parameters, multivariate linear regression analysis
demonstrated that measures of lung function did not predict
HRQL (Table 3). In these patients, rescue puffs of 

 

b

 

-agonist
and symptom intensity of shortness of breath, wheeze, and
cough were significant predictors of HRQL.

 

Determinants of HRQL in Subjects with
Moderate-Severe Asthma

 

In subjects with moderate-severe asthma, FEV

 

1

 

 and number
of puffs of 

 

b

 

-agonist use did not correlate significantly with
HRQL, and the strength of the association between symptom
intensity and HRQL was reduced in this cohort compared
with that in the subjects with mild asthma (r 

 

5

 

 0.21 to 0.27 ver-
sus 0.34 to 0.56). In the subjects with moderate-severe asthma,
only symptom intensity of shortness of breath and cough inde-
pendently predicted HRQL. In a comparison of the two stud-
ies, the clinical parameters of lung function, symptoms, and
rescue 

 

b

 

-agonist use accounted for a greater percentage of the
variance in HRQL in the subjects with mild asthma than in the

cohort of moderate-severe asthmatics (model R

 

2

 

 

 

5

 

 0.40 com-
pared with 0.12).

When the 92 patients from the Albuterol trial who met the
definition of moderate-severe asthma were analyzed alone or
merged with the Zileuton baseline cohort of moderate-severe
asthmatics, FEV

 

1

 

 and rescue 

 

b

 

-agonist use were not associ-
ated with HRQL, whereas symptom of shortness of breath
was associated with HRQL. These findings were unchanged
from the analyses of the moderate-severe Zileuton baseline
cohort alone. The same result in this cohort of patients with
moderate-severe asthma (from the Albuterol study) serves as
a “sensitivity analysis” and further substantiates the results
found in the Zileuton study. The patients of the Albuterol
study were not incorporated into the Zileuton study because
they did not receive controller medication and no post treat-
ment data were obtained.

 

Relationship between HRQL and Clinical Parameters in Those 
Moderate-Severe Subjects who Improved to Mild-Moderate 
Asthma after Zileuton Controller Therapy

 

Of the subjects with moderate-severe asthma at baseline, 49%
increased their FEV

 

1

 

 at least 5% in response to treatment with
zileuton. In this group, mean peak flow values, rescue puffs of

 

b

 

-agonist, symptom intensity scores, and HRQL scores im-
proved such that their values at the end of the study were
within the range of that seen in the subjects with mild asthma
(Table 1). Among these subjects, all parameters, except FEV

 

1

 

,
were significantly correlated with HRQL, and the strength of
the correlations was similar to that seen in the subjects at
baseline with mild asthma (Table 2). Although FEV

 

1

 

 was not
significantly correlated with HRQL, the strength of the associ-
ation was similar to that seen in the subjects with mild asthma
(r 

 

5

 

 0.18) and tended towards significance (r 

 

5

 

 0.16, p 

 

5

 

 0.06).
In these subjects, multivariate linear regression models showed

 

TABLE 1. CHARACTERISTICS OF PATIENTS IN EACH STUDY GROUP*

 

Characteristic
Albuterol Study

(

 

n

 

 

 

5

 

 

 

161

 

)
Zileuton Baseline

 

†

 

(

 

n

 

 

 

5

 

 

 

391

 

)
Zileuton Final

 

‡

 

 
(

 

n

 

 

 

5

 

 

 

127

 

)

Age, yr 28 

 

6

 

 9 32 

 

6

 

 10 32 

 

6

 

 10

 

††

 

Sex, % male 42 47

 

NS

 

53

 

NS

 

FEV

 

1

 

, L 3.31 

 

6

 

 0.64 2.26 

 

6

 

 0.64 2.73 

 

6

 

 0.72
FEV

 

1

 

, % pred 96 

 

6

 

 10 60 

 

6

 

 12 72 

 

6

 

 14
FVC, L 4.28 

 

6

 

 0.87 3.39 

 

6

 

 1.01 3.86 

 

6

 

 1.04

 

††

 

FVC, % pred 106 

 

6

 

 11 76 

 

6

 

 14 101 

 

6

 

 14

 

†††

 

AM peak flow, L/min 441 

 

6

 

 98 367 

 

6

 

 93 393 

 

6

 

 98

 

††

 

PM peak flow, L/min 453 

 

6

 

 96 412 

 

6

 

 97 442 

 

6

 

 100

 

NS

 

Rescue use of 

 

b

 

-agonists, puffs 0.68 

 

6

 

 0.91 5.83 

 

6

 

 2.80 4.06 

 

6

 

 2.96
Patient-reported symptoms

 

§

 

Shortness of breath 0.31 

 

6

 

 0.35 1.22 

 

6

 

 0.59 0.74 

 

6

 

 0.55
Wheeze 0.28 

 

6

 

 0.34 1.05 

 

6

 

 0.63 0.60 

 

6

 

 0.56
Cough 0.26 

 

6

 

 0.35 0.69 

 

6

 

 0.64 0.38 

 

6

 

 0.54

 

NS

 

HRQL Scores

 

i

 

Symptoms 4.78 

 

6

 

 0.77 3.98 

 

6

 

 1.01 4.96 

 

6

 

 1.05

 

NS

 

Activities 4.94 

 

6

 

 0.75 4.42 

 

6

 

 0.99 5.19 

 

6

 

 1.01

 

†††

 

Emotions 4.85 

 

6

 

 1.00 3.93 

 

6

 

 1.42 4.93 

 

6

 

 1.34

 

NS

 

Environment 4.68 

 

6

 

 1.13 4.00 

 

6

 

 1.29 4.88 

 

6 1.16NS

Overall 4.83 6 0.74 4.12 6 0.96 5.02 6 0.98†††

Definition of abbreviations: AM 5 morning; HRQL 5 health-related quality of life; PM 5 evening.
* All characteristics, except FEV1, FVC, and HRQL scores (measured at each visit), are averaged over the 2 wk preceding the HRQL assess-

ment. Plus-minus values are means 6 SD.
† Statistical analysis by Wilcoxon’s rank sum test; p value is for between-group comparison of the response in the Albuterol study and in

the Zileuton study at baseline. All p , 0.0001 except when noted (NS 5 not significant).
‡ Statistical analysis by Wilcoxon’s rank sum test; p value is for between-group comparison of the response in the Albuterol study and in

the Zileuton study at the end of the controller treatment period for those subjects who improved FEV1 at least 5%; p , 0.0001 except
when noted (††p , 0.0005; †††p , 0.05; NS 5 not significant).

§ Asthma symptoms were graded by the subject each day, from 0 for no symptoms to 3 for severe symptoms.
i Juniper Asthma Quality of Life Questionnaire was completed by the subject at baseline and at end of treatment. A score of 7.0 indicates

that asthma had no effect on HRQL; a score of 6.0 indicates that the patient was “a little limited” by asthma; a score of 4.0 indicates that
there was “some limitation”; and a score of 1.0 indicates that there was “total limitation.”
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that rescue puffs of b-agonist and intensity of shortness of
breath were significant independent predictors of HRQL—
findings similar to those among the subjects with mild asthma
(Table 3). Furthermore, the model R2 of 0.48 was similar to
that seen in the subjects with mild asthma (R2 5 0.40).

In the subset of patients who did not improve their FEV1 at
least 5% in response to treatment with zileuton, multivariate
regression analysis showed that symptom intensity of short-
ness of breath and wheeze were the independent determinants
of HRQL, a finding similar to that seen in the baseline cohort

of subjects with moderate-severe asthma. In this group of pa-
tients who continued to have moderate-severe asthma despite
controller medication use, reliever medication use was not an
independent predictor of HRQL. Of note, the independent
predictors of HRQL were the same in both the responder and
the nonresponder groups at baseline, as in the entire baseline
cohort with moderate-severe asthma, and only the latter re-
sults are shown.

DISCUSSION

These studies have demonstrated that the independent deter-
minants or predictors of HRQL, in the absence of treatment
intervention, differ as a function of the severity of asthma un-
der consideration. More importantly, we have shown that the
correlates of HRQL change as a result of asthma treatment.
The intensity of asthma symptoms consistently predicted HRQL
in both severity groups, whereas reliever medication use pre-
dicted HRQL only in those subjects with mild asthma. After
adjusting for symptom intensity and reliever medication use,
lung function was not an independent predictor of HRQL at
all asthma severity.

The results of this study show that asthma severity, defined
by lung function, symptoms, and reliever medication use, cor-
relates with HRQL as measured by the Juniper AQLQ. Sub-
jects with moderate-severe asthma had worse HRQL com-
pared with those patients with mild asthma. Although
conventional clinical parameters correlate with and indepen-
dently predict HRQL, it is important to acknowledge that the
strength of the association is quite low. The cross-sectional
correlations between clinical parameters and HRQL observed
in this study are similar to those reported in the literature (15,
17, 18, 20–22).

There was a wide range of HRQL scores for a given level
of lung function (Figure 1). This finding presumably reflects
differences in adaptation to limitations, temperament and mo-
tivation, psychosocial and economic support, and access to
healthcare in patients with asthma and the extent to which pa-
tients’ perception of their asthma varies and/or has adapted
with time. Symptom intensity score and reliever medication
use are more strongly correlated than lung function with HRQL
scores in both cross-sectional and longitudinal analyses using
the AQLQ (17, 18).  It is possible that the FEV1 was not more
strongly correlated with HRQL because FEV1 represents one
time point, whereas HRQL represents an average over the
preceding 2 wk, as do the symptom scores and reliever medi-

Figure 1. In subjects with moderate-severe asthma (*), there is a wide
range of HRQL Overall scores for a given % predicted FEV1, r 5 0.06.
Note that subjects with % predicted FEV1 between 40 and 60 had
HRQL Overall scores ranging from 1.3 to 6.6. In subjects with mild
asthma (1), there is a greater strength of association between HRQL
overall score and % predicted FEV1, r 5 0.18, and less of a range in
HRQL for a given lung function.

TABLE 2. UNIVARIATE CORRELATIONS WITH HRQL OVERALL SCORE
BY ASTHMA SEVERITY*

Variable†

Albuterol
Baseline

(n 5 161)

Zileuton
Baseline

(n 5 391)

Zileuton
Final

(n 5 127)

r p Value r p Value r p Value

FEV1 0.18 0.02 0.06 NS 0.16 0.06
AM peak flow 0.18 0.02 0.13 0.01 0.22 0.01
PM peak flow 0.20 0.01 0.13 0.01 0.17 0.05
Rescue puffs b-agonist 20.49 0.0001 20.06 NS 20.49 0.0001
Symptom, SOB‡ 20.56 0.0001 20.25 0.0001 20.63 0.0001
Wheeze 20.50 0.0001 20.21 0.0001 20.33 0.0002
Cough 20.34 0.0001 20.27 0.0001 20.35 0.0001

Definition of abbreviations: AM 5 morning; NS 5 not significant; PM 5 evening; R 5
correlation coefficient; SOB 5 shortness of breath.

* Statistical analysis by Spearman’s correlations.
† All variables, except FEV1 (measured at each visit), are averaged over the 2 wk pre-

ceding the HRQL assessment.
‡ See the footnotes to Table 1 for an explanation of the scoring system.
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cation use. However, arguing against this is the fact that peak
flow values, also averaged over the preceding 2 wk, were not
independent predictors of HRQL in the regression models.
Therefore, these conventional clinical parameters should not
be used in place of measuring HRQL directly. Furthermore,
in all models, the traditional clinical and physiological param-
eters of lung function, symptom intensity, and use of reliever
medication, at most, accounted for less than half of the varia-
tion in HRQL. These findings are in agreement with a princi-
pal component analysis reported by Wisniewski and col-
leagues (23) who demonstrated that HRQL, clinical
parameters, daytime patient-rated symptoms, and nighttime
patient-rated symptoms measured distinct dimensions of
asthma. These findings add further support to the recommen-
dation that HRQL should be measured in addition to conven-
tional clinical parameters.

The findings of this study have implications on what pa-
rameters should be used to define cohorts of asthmatics in
clinical trials when HRQL is an outcome of interest. We argue
that FEV1 alone should not be used to define subjects with
mild versus those with moderate-severe asthma, but that base-
line HRQL should be an additional criterion. By extension,
we propose that FEV1 alone should not be used to assess the
HRQL of groups of patients in clinical practice. It should not
be assumed that the HRQL is poor if lung function itself is re-
duced or that HRQL has improved in response to treatment
based on the fact that lung function alone has improved. A
value in % predicted FEV1 of 85% could be normal or could
reflect a significant decline if, for example, the patient’s best
ever value was 125% predicted. In examining the patients with
mild asthma, 21 subjects had % predicted FEV1 in the “nor-
mal” range at baseline and had an increase of greater than 10
percentage points in % predicted FEV1 at the end of the
study. There were 17 subjects within the same range whose
FEV1 did not increase 10 percentage points. Thus, the empiri-
cally chosen cutoffs for asthma severity defined by FEV1 do
not give the whole picture, and need to be coupled with symp-
toms, reliever medication use, and HRQL. Symptom intensity
of shortness of breath, wheeze, and cough are the most consis-
tent and strongest predictors of HRQL, and they need to be
independently assessed and considered with lung function.

There is no gold standard to categorize asthma severity.
We would propose that HRQL be added to the NAEPP
guidelines and be used in conjunction with measures of lung

function and symptoms to define asthma severity. Patients
would be assigned to the most severe step in which the worst
grading for a variable occurs. Furthermore, we propose that
population-based studies should examine correlates of asthma
outcomes such as HRQL stratified by asthma severity. For ex-
ample, Vollmer and colleagues (24) showed that reliever med-
ication use significantly predicted the Juniper HRQL sum-
mary scale; however, the difference in the parameter estimate
between their study and the current study (20.4 versus 20.14)
could be explained by the inclusion of all subjects with asthma,
regardless of severity, in their analysis.

It is acknowledged that the current findings may not be
generalizable to all populations of asthmatics or to the clinical
setting, as selection bias may exist in these subjects participat-
ing in a clinical trial. For example, subjects were not receiving
any inhaled or parenteral corticosteroid therapy. However,
these patients were identified as receiving reliever medication
alone and provided a unique opportunity to apply clinical def-
initions of asthma severity, similar to those of the NAEPP, be-
fore the use of any controller medications. In order to avoid
multiple comparisons and statistically significant correlations
by chance alone when examining each of the four domains of
AQLQ with the variables of interest, i.e., lung function, re-
liever mediation use, and symptoms, we chose to assess only
the correlations with the Overall summary score. Most, but
not all, of the individual domains were reflected by the Over-
all score.

In conclusion, the conventional clinical parameters of lung
function, symptoms, and reliever medication use predict HRQL
differently depending on the level of asthma severity under
study. Furthermore, these traditional measures of asthma se-
verity and asthma control explain only half of the variance of
HRQL. If we are to maximize the ability of our patients to live
with their asthma, we need to prospectively delineate the en-
tire array of contributors to HRQL in patients with asthma.
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