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Abstract

Background—Weak and inconsistent correlations between measurements of asthma health
status suggest that the disease is composed of non-overlapping components.

Objective—Factor analysis was used to explore the relationships between measures of asthma
morbidity and to identify heterogeneous components of asthma health status in 5 to 12 year old
children. Results were compared across time (baseline and 48 month visit) and treatment arms.

Methods—Analyses were conducted in 7 different study windows in a database from a large
clinical trial of children with mild to moderate asthma (n=1041). Measurements of lung function,
symptoms and health care utilizations from daily diary cards, serum IgE levels, total eosinophil
count, skin test positivity, and airway hyper-responsiveness were included. Data on fractional
exhaled nitric oxide (FEn@) and sputum eosinophil cationic protein (ECP) was included in a
subgroup of patients.

Results—In each of the study windows, factor analysis identified 5 factors which explained
between 50% and 60% of the common variance. Factors identified included: (1) inflammatory
markers, (2) symptoms/medication use, (3) asthma exacerbations, and measures of lung function
which subdivided into (4) Forced Expiratory Volume (FEVq ) and Forced Vital Capacity (FVC),
(5) Bronchodilator response and the FEV1/FVC ratio. Exploratory analyses suggest that FEyo
comprise the atopy/inflammatory marker factor, and sputum measurements comprise a 61,
separate factor.

Conclusion—The consistent identification of a five factor structure across time and treatment
arms suggests that each of these factors provides independent information in the assessment of
asthma.

Clinical Implications—This study confirms the importance of a multidimensional approach to
asthma in the clinical setting.
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INTRODUCTION

Asthma is a disease characterized by reversible airway obstruction, episodes of dyspnea with
wheezing, bronchial hyper-responsiveness, and atopy (1). Traditionally, measurements of
airway function, symptoms/activity limitation, medication use and morbidity are used as
outcome measures in the assessment of asthma, and there is growing interest in the use of
inflammatory and atopic markers (2). However, correlations between measurements of
asthma health status, the overall burden or impairment of health related to asthma, are weak
and inconsistent (3-6), suggesting that these outcomes actually comprise independent
components of asthma health status. Each outcome or group of outcomes potentially give
clinicians unique information in the assessment of disease activity.

Factor analysis is a statistical technique which allows for the extraction of latent, non-
overlapping dimensions (factors) which account for the inter-correlations between a larger
number of variables. This technique has been widely applied as a validation technique for
tools measuring asthma symptoms and quality of life (7—10). Fewer studies have
incorporated clinical data into factor analyses in order to identify the major domains of
asthma (11-14). In a study of 199 patients with asthma, Bailey et al found that pulmonary
function (FEV1%) asthma symptoms, and asthma management (medications, side effects,
and asthma exacerbations) separated into different domains (11). This finding is supported
by Grazzini et al’s study of 69 asthmatic patients in which airway obstruction (FEV,% and
FVC%) appeared as a factor independent from measures of dyspnea(12). Juniper’s analysis
of 763 patients participating in 3 clinical trials shows that, airway caliber (FEV1%, FVC,
FEF and Peak Flow), daytime symptoms and By_agonist use, night time symptoms and
Bo-agonist use, and asthma specific quality of life make up distinct components of asthma
(13). Other studies have shown evidence that when inflammatory markers (eosinophils and
FENno) are included in the factor analysis, they comprise factors distinctly separate from
symptoms and lung function (15-17).

Though previous studies have used clinical data to identify some of the non-overlapping
dimensions in asthma health status, no one factor analysis has yet combined symptom
information, lung function measurements, inflammatory markers and atopic measures in a
large population of asthmatic children. The purpose of this study is to provide a
comprehensive picture of the heterogeneous factors which comprise asthma health status in
children using a large number of variables not previously analyzed together. Multiple factor
analyses are performed to explore differences across time periods and treatment arms in a
database from a large, standardized clinical trial (n=1040). The results of this analysis will
support the validity of using routine, multi-factorial assessment of asthma in children.

METHODS

Data for this study was taken from the Childhood Asthma Management Program (CAMP), a
double blind, controlled study designed to evaluate whether the long-term treatment with
budesonide or nedocromil produced improvements in lung growth compared with placebo
over a 5 to 6% year period. Eligible patients were between 5 and 12 years of age with mild
or moderate asthma as defined by NAEPP criteria. The protocol for this study was approved
by the Institutional Review Board of each of the participating clinical sites. CAMP study
design and methods have been published elsewhere (18-20).
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Outcome Measures

Prebronchodilator FEV1, Forced vital capacity (FVC), peak expiratory flow (PEF), and
bronchodilator responsiveness [(Postbronchodilator FEV1 — Prebronchodilator FEV/
Prebronchodilator FEV1)*100] were measured at each study visit in accordance with
American Thoracic Society Standards as previously reported (18,19). Airway
responsiveness to methacholine (PCyg) was measured at the end of the screening period,
then yearly until the end of treatment visit.

Symptoms, medication use, and asthma exacerbation information were recorded on daily
diary cards by patients or parents. For the purposes of this study, diary data was taken from
the 28 day screening period prior to randomization, the 28 day period prior to the 48 month
visit, and the 28 day period prior to the end of treatment visit. Patients recorded daily
symptom codes describing their asthma, and the overall symptom code for the day was
defined as follows: 0 = no asthma episodes; 1 = 1-3 mild asthma episodes of < 2 hours; 2 =
> 4 mild asthma episodes or >1 episode interfering with activity, play, school, or sleep; 3 =
> 1 episode of more than 2 hours or resulting in shortening normal activity, seeing a doctor,
or going to a hospital. A mean symptom score for each patient was calculated for the 28 day
period leading up to the visit signifying the start of that study window. Patients also
recorded the following information on their diary cards: number of albuterol puffs per day
for asthma signs, number of prednisone pills taken per day, number of night awakenings,
number of absences from school due to asthma, and number of doctor contacts for asthma.

Sensitivity to environmental allergens (measured by 10 standard skin prick tests), total
serum IgE levels, and total numbers of blood eosinophil were taken from the end of the
screening period and the 44 month follow-up visit. Fractional exhaled nitric oxide (FEy() at
a constant expiratory flow rate of 50 mL/s, sputum eosinophilic cationic protein, and sputum
eosinophil percentage were measured at the end of treatment visit on a subset of patients at
one of the clinical sites. Detailed descriptions of measurement methods are published
elsewhere (19,21,22).

Statistical Analysis

Principal Factor analysis with varimax rotation was used to identify the distinctive factors
from the available outcome variables. Principal or “common” factor analysis is a statistical
technique, which seeks the least number of latent variables (factors) which can explain the
common variance and correlation of a larger set of variables. This technique condenses the
information contained in a larger number of original variables and identifies factors which
account for inter-relationships between these variables (23,24). Variables are clustered into
subgroups, and then a rotation is performed which simplifies the factor structure to a more
interpretable structure. Varimax orthogonal rotation was chosen as the primary rotation for
this analysis, because it does not allow correlations to exist between factors. An exploratory
oblique rotation which allows for correlation between factors was also performed on the
data.

A scree plot of eigen values vs. each identified factor was created and examined to
determine the appropriate number of factors to retain. It was decided a priori that the
number of factors retained in the varimax rotation would be chosen by both the break in the
scree plot and by the number of factors with eigenvalues (the amount of common variance
explained by the factor) at or above the mean eigenvalue. Based on a common rule of thumb
used in previous analyses, significant factor loading was considered to be greater than 0.40
(14,16,17,24). Serum IgE, total peripheral eosinophils, and PCyo FEV1, were
logarithimically transformed for the analysis.
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Factor analysis was performed in 7 different study windows in order to explore differences
by time and treatment arm. Analyse included subjects with non-missing values on all
variables. The study windows were: 1) all subjects at the screening period two weeks prior
to randomization (n=990), 2) all subjects (data from each of the 3 treatment arms was
combined) at the 48 month visit (n=676), and subjects ion each of the separate treatment
arms at the 48 month visit: 3) placebo (n=277), 4) Nedocromil, (n=196), and 5) Budesonide
(n=203). In addition, two exploratory analyses including FEyg (n=79) and sputum (n=55)
variables were performed on a smaller subset at the end of treatment visit, which fell
approximately 7 months after a patient’s 48 month study visit.

Clinical, laboratory, and demographic characteristics of the study population during the
screening period prior to randomization are shown in Table 1. Of the 1041 patients enrolled
in the trial, 990 had non-missing values and were used in the analysis at the randomization
window. The majority of patients were white and male, and the mean age of this population
at baseline was 9.0 + 2.1. During the randomization window, 40.6% of patients had at least
one night awakening due to symptoms, and 12.0% of patients reported at least one physician
contact due to asthma.

Examination of the scree plot shows that 5 factors have eigenvalues greater than the average
eigenvalue and factor 5 corresponds with a break in the scree plot (Figure 1). Thus, 5 factors
were retained in the varimax orthogonal rotation for the primary analysis. Correlations of the
variables with each factor (factor loadings) are shown in tables 2 and 3. Each factor was
comprised of the variables that were most highly correlated with that factor. The clinical
description of the five factors identified in the varimax rotation includes: (1) inflammatory/
atopic markers, (2) symptoms/medication use, and (3) asthma exacerbations, and measures
of lung function which subdivided into (4) lung function FEV and FVC, (5) BD response
and the FEV/FVC ratio. The general factor structure and % of variance accounted for
remained highly consistent over a 4 year period: the results of the 5 factor model explained
58.9% and 58.4% of the variance in the randomization and 48 month study windows,
respectively. Factor loadings and scree plot structures did not differ substantially by
treatment arm at the 48 month visit. Results from the exploratory oblique rotation did not
differ qualitatively from the orthogonal (varimax) rotation, suggesting that there is minimal
correlation between the factors.

Exploratory analyses were done on a subset of 79 patients with FEno measurements, and on
a subset of 55 patients with FEyg and sputum measurements (ECP and eosinophil %). In the
first analysis, FEnQ loaded with serum IgE level, skin test positivity, and total eosinophil
count, and the rest of the 5 factor loading structure remained almost identical to the other
analysis windows. The only difference in the exploratory FENg analysis was that prednisone
use loaded with symptoms variables rather than exacerbation variables. When sputum ECP
and sputum eosinophil % variables were added in the second exploratory analysis, the
overall loading structure for the original variables remained the same with the sputum
variables separating out as a clearly defined sixth factor.

DISCUSSION

Our inclusive analysis has identified a clinically sensible, 5 factor structure explaining
between 50% and 60% of the common variance from an inclusive list of variables not
previously analyzed together. The factor loading structure remains consistent over the 48-
month treatment period and among treatment arms. We believe that this analysis provides
further evidence that asthma requires a multi-component assessment: measurement of one or
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two variables alone will not give an adequate picture of the disease. According to our
results, clinically assessing one variable from each identified factor would be more
informative then assessing 5 variables which fall in the same one or two factors. For
example, assessment of doctor contacts, mean symptom score, IgE, FEV4, and BD
responsiveness would provide a more accurate picture of a child’s asthma status than doctor
contacts, nights awakened, prednisone use, albuterol puffs, episode free days, and mean
symptom score (all which fall under the same 2 factors.)

The results from our factor analyses both support those from earlier studies and add novel
findings to the literature. As in previous factor analyses, lung function and symptoms
measures separate out clearly as independent factors. In each analysis window,
measurements of airway function (FEV1, FVC, PEF ) emerge as the most prominent factor,
consistently explaining around 17% of the variation across study windows. Symptoms
measures (symptom score, episode free days, days with albuterol use for symptoms)
separated out distinctly from symptoms denoting asthma exacerbations (school absences,
calls to doctor, prednisone use). This finding is consistent with the findings of Schatz et al,
in which acute exacerbations (steroids use and hospital visits) comprise a factor distinct
from both symptom frequency and symptom bother in asthmatic adults(14). Night
awakenings did not load strongly with other symptoms measures though its loading
coefficient (approximately 0.35) can still be considered significant (24).

Our analysis also showed that FEV1/FVC % and BD response loaded together forming a
separate factor from FEVq, FVC, and PEF. The reason for this is unclear. While
bronchodilator response is strongly correlated with the absolute level of FEV, it is a measure
of existing tone within the airways than the absolute value of FEV; alone. Similarly, since
the ratio of FEV1/FVC also more clearly delineates the level of airflow obstruction, both
these values may be giving subtly different but independent information.

Spirometry and symptoms measurements are widely viewed as effective diagnostic tools for
childhood asthma, and previous studies have validated their use as independent predictors of
asthma health status. FEV1% has been documented as an independent predictor of
subsequent asthma attacks in children(25,26), asthma symptoms have been identified as risk
factors for asthma hospitalizations(27), bronchodilator response has been identified as an
independent predictor of future lung function improvements in response to inhaled
corticosteroids (28), and greater airflow obstruction (as measured by FEV1/FVC ratio) has
been identified as an independent risk factor for prior hospitalization for asthma (29).

Few factor analyses have included atopic and inflammatory markers, and none have
combined atopic, inflammatory, lung function, and symptoms measurements in the same
analysis. In a factor analysis performed by Leung et al, plasma IgE, blood eosinophil
percentage and FEnQ loaded together on the same factor, separate from disease severity
score and other inflammatory markers (16). Similarly, in our analysis, IgE and skin test
positivity loaded together with other inflammatory markers (eosinophil count and bronchial
hyper-responsiveness). When we added FEn o and sputum measurements to the analysis,
FENo loaded on the atopy/inflammatory marker factor, and sputum measurements separated
into a 6™, separate factor. These results are similar to Rosi et al’s finding that inflammatory
outcomes (sputum ECP’s and sputum eosinophils percentage) loaded together on their own
factor, separate from both lung function and baseline bronchial hyper-responsiveness (17).
Similar results have also been shown in COPD patients: in a recent factor analysis, sputum
markers, lung function, and IgE/PC,q comprise non-overlapping factors (15).

The use of atopic and inflammatory markers as reliable measurements in asthma diagnosis
has been supported in a number of studies (30-32), and there is growing evidence that these
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measures of asthma health status are effective management strategies in improving clinical
outcomes (31,33,34). In our study, peripheral eosinophils, atopic markers and PCyq
consistently loaded on the same factor. This finding is not surprising due to evidence that
total IgE is highly correlated with both prevalence of asthma and airway hyper-
responsiveness in asthmatic children, and peripheral blood eosinophilia is associated with
increased airway responsiveness and higher total serum IgE levels (35-37).

Research has also shown FEn tests have relatively high diagnostic values in assessing
asthma and are reproducible and well accepted by patients. Sputum induction has been
identified as a relatively noninvasive procedure which can provide useful information for
treatment response (21,34,38,39). The lack of correlation of these parameters with other
outcome measures suggests that they may be useful as complementary diagnostic tools
(17,40). The results from our analysis add to the evidence showing the value gained by using
sputum markers and FEn g in asthma diagnosis. However, due to the small sample size of
our analysis, these results should be confirmed in a larger population.

The 5 factor model chosen for this analysis was based both upon commonly used rules of
thumbs (eigenvalues and scree plot examination) as well as the identification of a clinically
sensible factor structure (23). In order to test the robustness of these findings, we also
conducted rotations retaining 4 and 6 factors in the randomization window. In each of these
exploratory models, lung function consistently separated out as the most prominent factor,
while the other factors rearranged only slightly. For example, in the 4 factor model, airway
function loadings remained prominent, and all symptom and exacerbation variables loaded
together as a single factor. These results as well as the fact that neither time nor treatment
affected the structure of the factor analysis demonstrate the stability of our findings.

Though this study includes a more comprehensive list of variables than previous analyses,
the five factors identified in our analysis do not necessarily include all of the factors which
comprise asthma health status. In Juniper’s analysis, asthma-specific quality of life was
identified as an independent component of health status (13). Asthma-specific quality of life
outcomes were not available for our analysis; however, it is possible that the “school
absences” variable from our analysis captures similar information. Further, it is important to
emphasize that this study population is comprised of mild to moderate asthmatic children,
thus a different factor structure may have emerged if the analysis had been performed in an
adult population.

In summary, this study has identified the latent, non-overlapping components of asthma
health status in children from a comprehensive list of clinical, atopic, and inflammatory
outcome measures. The consistent identification of a five factor structure across time and
treatment arms supports application of the separate assessment of each of these factors in the
clinical setting. It is possible that the factors are driven by different mechanisms, supporting
the separate assessment of each of the factors identified in gaining an overall picture of
asthma health. Though additional measurements may require more time and resources, the
evaluation of asthma disease status utilizing any one individual component of disease may
lead to inadequate treatment of asthma.
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FEF Forced Expiratory Flow 25-75%
FvC Forced Vital Capacity
FEnO Fractional Exhaled Nitric Oxide
ECP Eosinophil Cationic Protein
NAEPP National Asthma Education and Prevention Program
PEF Peak Expiratory Flow
PCo Provocative concentration of methacholine required to produce a 20% fall in
FEV,
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Figure 1.

Scree Plot of Eigen Values from Principal Factor Analysis (Randomization window). Five
factors had Eigen Values greater than the average Eigen Value (0.45).
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Characteristics of the study sample in the randomization window

Table 1

Characteristic Results
Number of patients included in analysis 990
Ethnicity, n(%)
Non-Hispanic White 677 (68.4%)
Non-Hispanic Black 131 (13.2%)
Hispanic 93 (9.4%)
Other 89 (9.0%)
Age, yrs (mean + SD) 9.0+21
Female Gender, n (%) 398 (40.2 %)
BMI, kg/m? (mean + SD) 18.2+35

Lung Function (median (IQR))
Pre-BD FEV,/FVC ratio, %
Pre-BD FEV;, % predicted
Pre-BD FVC % predicted
Pre-BD FVC, L
Pre-BD FEVy, L
Pre-BD Peak Flow, L/min
FEV; PCy, methacholine, mg/ml*
FEV; BD Responsiveness
Atopic/Inflammatory Markers (median (IQR))
Serum IgE level, ng/ml
Total Eosinophil Count, mm?3
No. of positive core skin tests
SymptomsT
No. of diary entries (mean + SD)
No. of episode free days¢ (mean £ SD)
No. of days with albuterol use (mean + SD)
Mean symptom score >1, n(%)
At least 1 night awakening, n(%)
At least 1 school absence, n(%)

At least 1 call to doctor, n(%)

80.0 (75.0-86.0)
94.0 (85.0-103.0)
104.0 (96.0-112.0)
2.0 (1.6-2.5)

1.6 (1.3-1.9)
270.0(225.0-320.0)
1.1(05-27)

8.3 (4.3-14.4)

4455 (174.0-1240.0)
400.0 (200.0-636.0)
3.0(1.0-5.0)

38.3+134
128 +11.7

17.4+13.6
172 (17.4%)
402 (40.6%)
111 (11.2%)
120 (12.0%)

FEV1 BD Responsiveness = [(Postbronchodilator FEV1 — Prebronchodilator FEV1/Prebronchodilator FEV)*100]

TEau:h study window contained approximately 4 weeks (28 days) of diary entries. The average number of entries is higher for the
randomizationscreening period because some children took 2 or more tries to get through the period without a flare. Children could not use

prednisone during the 28-day screening period.

Page 11

*Episode Free Day: a day with no night awakenings, am peak flow >80% personal best, no albuterol use for symptoms, no prednisone use, no

absence from school due to asthma, no physician contact due to asthma, or symptom code equal to 0
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